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To the President of the Senate and the 
Speaker of the House of Representatives 

This report discloses the implications if the United 
States converts to the metric system of weights and mea- 
sures. Also, it discusses the conversion experiences of 
other countries. / 

We made our review pursuant to the Budget and Account- 
ing Act, 1921 (31 U;S.C. 53). , , 

We are sending copies of‘this report to the Chairman 
of 'the U.S. Metric Board; Director, Office of Management 
and Budget; the Secretaries of Commerce, Transportation, 
Treasury, and Health, Education, and Welfare; other Federal 
and State government officials: and officials of-associa- 
tions and private companies. 

of the United States 
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COMPTROLLER GENERAL'S 
REPORT TO THE CONGRESS 

GETTING A BETTER UNDERSTANDING 
OF THE METRIC SYSTEM-
IMPLICATIONS IF ADOPTED BY 
THE UNITED STATES 

D I G E S T ------
THERE IS A LOT INVOLVED IN A CHANGE 

• . . ' 
With the exception of tlte Uni.ted States and a 
few small countries, the rest of the wo~ld has 
adopted or is in the pro~ess of adopting the 
metric system . So why.shouldn't we , as a 
Nation, join the rest of the world in adopting 
tbis logical ,measurement system? Sounds rea
sonable . But is it? Let's take ~look at 
what is involved . 

Metrication is much more than simply learning 
and using the metric system ; related ramifica
tions include 

- - determining the best time to convert in 
order to minimize costs ; 

I - - agreeing on metr i c sizes ; 

--designing, producing, and building in metric 
dimensions; 

--training personnel in metric ; 

--obtaining metric suppl.ies ; ,. 

--changing· 1 aws , regulations, ordinances, and 
cod~s to actommodate the metric system; 

-- informing customers about metric products; 
and -.. ,.,.. · 

I. 
\ 

--remaining'6ompetitiv~ in the marketplace . 

Converting to the metric system would 
mean thinking, hearing, and seeing things 
in metrics--such as distances in terms of 
meters, volume in terms of liters, weiqht in 
terms of grams , and temperatures in Celsius . 
It would mean new sizes for screws and bolts; 
new distances on maps ; new weights on scales; 
new speed limits on highways; new tools to 

t ur Sheet. Upon removal, the report 
cover date should be noted hereon. 

i CED-78-128 
·cED- 78-128a 



repair automobiles .:a.nd other products';" :neiw' ,, ,;.:"Fr , ,‘ 
.sizBS:: for‘ +everag'&;' .,food, 
re'cip'esin the‘PK;i.tc.hen; 

and.::~~oth,in~:i1he'w, ':'!,"$,'I' 
and r'evised educational 

materials': .Of' c~,~r'~~', it does not mean that 
all sizes, distances, and weights actually 
would change (although a great many would); but 
the terminology and numbers used-:to; e,ir$ress: 
them would. The change would not necessarily 
be sudden.and,,compl:et;~.::... ,. ( ::,- ': : ., 

Metrication would. a.ffect Americans a‘twork;~ 
in .school,:. at home, 

,.Je'is,ure .ac-iv.it-es; -I 
in sho&ing.f, .:an'd $n t.heiir 

industry, 
.rEver-k o,r;gani &'t<o.q'i"f‘i~rm, 

an'd level 'of: .gov&nm&fi:t: wtiul.& f,eel 
its::-impact .: ‘, : The,’ impact- wouxdi. sdk.pr i s@,‘dari.?” 
Amer.2ca.ns. and >af’fect them: a’l.l:‘-in’ ‘a&y -aed ,,t” 

varied. ways. " ‘N,b &un.trg' Gith dn'f:ecofi.&y. and 
population anywhere near the::'si'ze o'f the' United 
States has converted to the metric system. 
> -I ,. I. : ‘. 

':A DEC:ISION bHAS NOT BEEN' MADE-, 
/. 

'.. : .) 
;!:' : 

Many believe a decision has ,already been made 
to .-adopt the metric system in the: United States. 
In fact many think conver-scion is m'andator-y, 
especially small businesses and the general 

'public. Responses- to .GAo"s questionnaires 
showed that 42 percent of the small businesses 
and:. 30 percent ,of,,.the. 'bu:i-1dFnij and construction 
associations, and 23 percent of the peop'le 
contacted in a public opinion poll conducted 
for GAO, believed, conversion to' the'metric sys-. 
tern is mandatory. Less than 20 percent knew 
what the national policy is:.. 'The ,passage of 
the Metric Conversion,Act of 1975, with its 
provision of ,es.tablish,ing a US' Metric Hoard, 
is c.ited by many' as being -an. o.ffXc'ial. nat,ional 
commitment. Just the name of the act connotes 
conversion. Despite opin'ions and, statements 
to the contrary, it is not the current 'United 
States policy to convert from the present cus- 
toma.ry system ,to'the m.etric 'system.' '1. 

The 1975 Act and its le$islative historv'show 
the na,tional p olicy is nc 

s 
ot to or,efer on; 3 sy,s 

over the:other but to' provide ifor eitherlto 
'be predominant on the basis of the voluntary 
actions of those affected. ;..'..- -. '. 

tern 

j 

The Metric Board's responsibility under the 
act'is to deviseLand carry out a'broad program 

ii 'I, ,' 
',.. 



of planning,- coordination, and public educatio 
consistent with, 0th'e.r national policy andr.inte 
ests, with the aim of implementing the policy 
set forth in the act. It is to serve as a 
focal po.intsfor voluntary conversions to,the 

of planning,- coordination, and public educatio 
consistent with, 0th'e.r national policy andr.inte 
ests, with the aim of implementing the policy 
set forth in the act. It is to serve as a 
focal po.intsfor voluntary conversions to,the 
metric-system6 : The Board is.not. to.radvocate metric'systemi: The Board is.not. to.radvocate 
metrication but is to,assist.'various sectors metrication but is to,assist.'various sectors 
when, when, and if, they choose to convert.' At the and if, they choose to convert.' At the 
time this report went to print, the Board had time this report went to print, the Board had 

‘n, 
r- 

not become-fully operational; :. 
. . ', I 

THE INEVITABILITY SYNDROME : I?. 

There:-his insufficient evi,dence to support;or 
refute'the belief b.y some that conversion to 
the metric system by the United .States is 
inevitable. 

/,'.' j '.,' --: , . . :: ,, ,, T" _ i 
A maj.ority‘of the: large and. small busin.esses 
and building and co'nstr,uction. a,ssociations 
responding to GAO's'-guestionnaires believe 
'conversion .to the,metric, system .is .inevitable 
for their industries. Also, a majority of 
State governments believe inetrica,tion is * 
inevitable for themselves. 

': ,' ; 
These beliefs, as much"as-any .perceived,-bene- 
fit, have been a principal-impetus for conver- 
sion activity'inthe United, States. '.HoweverI, 
as more, peop:le:believe in inevitability and 
convert because.'of this belief, conversion-to 
the metric system accelerates. 

Several factors a'nd,beliefs h,ave contri-bu-ted. 
to'this inevitability'. syndrome .includin<g.: 

6 ' -'i '. ;- 
-+assage"of, the Metric Conversion,Act of 1975 

-and its major provision for a U.S. Metric 
Board- The name of the act connotes conver- 
sion. 

--Actions taken by some Federal agencies, such 
as the Federal Highway Administration whic,h 
attempted ,to reguire conversion of highway 
signs, the National Weather Service's plan 
to use the metric system for weather report- 
ing, and the suggestion by the Department, 
of Agriculture to convert meat and poultry 
labels. 
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--The decision to convert by some'of the q 
"giants" of industry and the.effect.on cus- 
tomers and suppliers. 

-, 
--The 1971.Nat.ional Bureau of Stand,ards reoort 

,whiph st-ated that there was no-.guestion that 
,th,e United States should convert within a lo- 

1 Jrear pKimcy l 

, ,. 
_-- :  . . - -  _--.-.-_-_ 

j 

--Proposed legislation in the early 1970s which 
called for a predominantly metric America with- 
in 10 years. : .,, I . . . . . .,,. 

--Publicity about'metric projects and.:activi- 
ties and the d,istribution'bf metric informa- 
tion and.charts. *, _L 

--The increase in metric instruction in school 
programs throughout the country'with.many 
setting target dates --1980 for 13, States--, 
when th.eir scho-ol systems -are to be teaching 
the metric system-as the predominant system. 

VOLUNTARY CONVERSION 

The United States has a policy of allowing 
for voluntary conversion--a choice of con- 
,verting,or not converting.. This has,.been 
the.policy since 1866 when the metric sys- 
tem was authorized'.,. During. the intervening ' 
years, use of the metric system has increased 
somewhat. 

The: Metric Conversion Act of 1975 provides 
for a continuation o,f the existing voluntary 
policy, but the current policy has been mis- 
interpreted, and. within this context, attempts 
have been made to conve,rt to the metric sys- 
tem. It would seem that as a minimum, before 
voluntarily deciding to convert, there should 
be 

--a clear understanding of the policy,, 

--knowledge of the costs and benefits in- 
volved, 

--an assessment of the impact on the s'ector 
involved and'any related sectors, and 

--a determination of the impact on consumers. 

iv 



r  ,, ; ,‘. : 
Resoonse.s:to the questionnaire's sent, out by 
GAO-showed that the strongest support for 
converting to..th,e metr.ic, system- c:ame from 
Stat% e,duca-&ion., offic.,i.als,~ .State government,, 
o.ff%icia&s., and, th.e Eortune, :.500 industria-1. I. 
companies.: .:!,Building and constru.ct.ion asso-: 
ciations supported conver,s,ion, -but not, -as, : I 
widely as the .a.bove ,,gro,ux,s.-9. .,sm$l ,busi:, __ 
nesses- +qere .div,i.ded- i,n..their opinion, but+, 
more 'were ogposedto metrication- than sup-‘ 
ported it. The public opinion poll conducted ', 
for GAO showed most ,people,,i,n opposition to- 
metricat:ion. .r _. ,- : I 

. Any attempts ,to arbitrarily ,.incre-ase. % ,, ,, 
metrication activity!.c.ould~seriously, under- 
mine, existing. policy and-.lead t,o .unne.qessary 
m.etricat.ion. Due care>, .therefore,. must be .,) 
exercised :in carrying' out.'the policy. 

SUl?PORT/ORPOSITION' AND 
:. 

OVERALL ADVANTAGES/DISADVANTAGES, \ I. 

_. 
: ,  i 

, .  

The respondents' support 'for d"onve.rsi0n"'i-s not 
based,.enti<rely on the -belief' that th,ey will 
gain s,ome advantage from converting. In all', 
cases more supported conversionthan sa,w.ad- 
vantages for themselves. Large businesses ' 
were divi.ded,.o,n whether advantages outweigh 
dis.advan,tag,es..f,or their f,irms:. Small busi- 
nesses believe the disadvantages.outweighed 
the advantages- for their .firms. ,_, .., 

?, ‘, 

However, ..when asked atqut the advantages, and 
disad,van,tag;es for the .United States o'v,er.all, 
both groups shi.fted to afl,more pos-itive opinion, 
on advantages. ':. :. 

Thus the question,arises as ,to just who b,ene- 
fits to.make .it worthwhi,le for the United 
Sta.tes to convert,to the metric system, 

. , 
BENEFITS ARE:QU,ESTIONABLE , .' 

Most of the ascribed benefits are goals, such 
as standardization and rationalization, which 
have always 'existed and:have been achieved to 
varying degrees ,under the customary system. * 
Metr-ication is being viewed by.proponents as 
the opportunity to achieve these goals (to a 
g.reater degree). In,order to achieve. 
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improvements or :benefits sought, the, convers'ion 
mu& be- a hard conversion--a change'.in prodA 
lj+'t~ ,d'j.fien‘$ionsf, ,rather' th,an &soft, conversion, 
using metri,c eguival'ents. However, actually 
achieving the ,benefits i's .guestionable, and‘-- 
their value is generally undeterminable. /'._, \' 
The often ascribed benefit that',the:metric SYS- 
tern is easier to use and results in fewer errors 
is generalfy but not universally,acceptedd'J 

Some vi,ew metrication, as an ‘opportuni:ty 'to im- 
prbve product'ion' effic'iencies, facil,itate tech- 
nological advances, afid fiak.&'.o&he;r .wo'r'thw-h$l.e 
changes. Respondents"to GAO“s business ques- 
tionna'ir@.s gener’d’l.1-y d.is;dgre.&‘C.gith such -:.i' 
views. ;While metpi'c,a,,t ion mig,,h't provide the 
opportunityor *vehicle'for such ,ch'anges;-: there 
is no as'surance of a'chievi'hg-,'the'~,r ,' ' 

';. ," 
Present sizes have developed over the years ,' 
in the marketplace to meet demand., 'For 'some 
products, industry officials believe that 
mo$'t' of' th'ese' sizes meet, their' n,eeds. Substan- 
tial standardiz'ation -and ration'alizat'ion . 
have'been achieved: under the,present customary 
system and is a continuing goal. ' . ; 2' .; 1, .._,, 
The‘re is'little .'doubt that, increased standardi- 
zation and rationalization could result .in 
benefits, althou.gh this’ objectfve could .be : 
achieved using the eiistomary-systiem., Proponents 
view metr,ication as an opportunity or vehicle 
to achieve the,res"ulf'si:'~bu'f' the,cost involved 
is unknown. M‘etr'ication would res'uI"t in 'dual 
;inventories of customary and me't,r ic sizes for 
a considerable number of years.' This would be 
a very critical problem,for many industries, 
suppli'ers; and retailers and would cost an 
undeterminable amount. Only after the-period 
of dual inventories' has elapsed would it be 
known whether increased standardization and 
rationalization had r'esulted'and .at what .cos.ts. 

some pers'ons claim that consumers wili benefit 
because price comparisons WLll be easier to make 
with the metric system. The'premise depends 
on the willingness and abilit,y of producers 
to change to raticnal series of sizes. However, 
it is suite likely that changes to government 
laws and regulations would be needed. 
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It may be that thee increased u.se of unit pricing 
would be of. greater benef,it to consumers:,tha.n 
converting many sizes to metric. Unit pricing 
would facilitate price comparisons, b~e.'easier 
to understand, is not dependent 'on the“use .of 
standard or,rational sizes.which can be .dif-, 
ficult and.costly to achieve, and would,per- 
mit.iproducers ,,t.o make their products, ,i:n ,si.zes 
relating to their needs. 

,I'/. ' I. 
For most consumer products.and, for..activities, 
such as sports (except those involved in inter- ; 
national crecords),,Z .no ma-jar benefi,ts w;oul-d 
occur to either prod.ucers;, consumers, or: par- 
ticipants and spectators by convertingXto.... 
the.metric systqm. Many consumer.qoroducts.: 
are no't exported to 'other countries; producers 
of those ,that are' s:eem to have.'little prob- 
lem with the measurement system used. 'Other. 
countries exporting products to the United 
States change. the sizes of- their.products 
to U.S. sizes when necessary? ',I : 

COST WILL BE INCURRED 
$,‘- 

The total.cost of metrication is-undeterminable 
in spite of various estimates that have been 
cited in the last decade by various organizations 
and indiv.iduals. These estimates vary widely 
and often are not based 'on detailed3analyses 
of the factors involved. They generally: are 
low or high depending on the conversion experi- 
ence of those provid'ing, these.figures and 
their position on converting or not converting 
to the metric system. . 

Some of the major cost areas include training 
and educating people; converting computer sys- 
tems, data bases, and standards; changing laws, 
regulations, ordinances, and codes; maintaining 
dual inventories; purchasing hand tools; chang- 
ing product sizes; -and familiarizing consumers 
with metric terms. 

However, based on the',limited cost.data that 
was available to GAO and the input from 
various represen.tatives from a wide spect^rum 
of ,organizations, throughout the country, the 
cost will be significant--in the billions 
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of dollars. ,But whatever the~cost, it appea,rs 
-it will be passed o'n to consumers;' 

BEVERACE'CASE ST"Dy 
.1 /. '- 

; 1 ,.1 _. :.i ..- 
The, beverage ,industr:y provides" a unigue‘early 
opportunity,to look at metric co-nversions .in 
the:United States, particularly wLth respect. 
to the effect on consumers. Some segments 
are -totally converting, some partially and 
th.e remainder are. inactive or simply placing 
metric. eguivalents on.their product labels., 
Some: conver:sions.: madeby the 'b-everage indusT 
try may have,,benefited,.consumers and .the in-. 
dustry.' But othersconversions and r-elated. 
actions have been.harmful to: consumer interests. 

I I  .  .  _, 
, . :  ,_ 

The:;':wine and: distilled ,sp?-rits industries are 
to-tally converting thei-r products to metric :. 
sizes for marketing r'easons,; The conversion 
period for.wines will be complete by January-l, 
1979,.and for dis,ti&led spirits by January 1, 
1980. '. 
Following the favorable salesexperienc-es 'by 

!,one so.ft drink producer; several other maj:or> 
producers have introduced metric sizes in 
many *areas of the country+ usually whennew 
containers are:.introduced. The soft drink 
industry-.had not planned an overall metric.con- 
version' in the near future. .' .* 

'. .' 
The beer industry sells all its products in; 

: customary sizes and did not plan to- convert 
to metric sizes. .Sqme brewers, however, show 
metric equivalents on.their labels. The in- 
dustry seesno conversion benefits, only costs. 

.I i,' ; 
Most.milk containers s-how metric eguivalents, 
but.all milk is still sold in rational custo- 
mary sizes. The industry has no plans to- 
convert-to metric'sizes and sees no benefits 
in doing so. 

While further adoption of rational package 
sizes is a laudable objective for .beverages, 
it is -one thatcould be achieved without con- 
ver,ting to the metric system,,as with milk.' 

Metric proponents have stated that consumers 
will benefit if rational metric sizes are 
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adopted ,which would make price comparisons, 
easier.. However, GAO's study of the,beverage 
industry' showed that.this would not necessarily 
be. 

~ 
Most wines.and distilled spirits that -were 
converted 'to metric sizes experienced unit 
price increases 0f;up to 11 percent 'greater 

5 than those that.did not convert. It ,was in 
the metric sizes that price comparisons are 
the most difficult to make that the,highest 
price increases took place. " ", 

i 
While the impact of the wine and distilled 
spirits..:conversions on consumer prices.has. 
been largely detrimental so far, it remains 
to be seen whether the practice.of increasing 

,prices of conve.rted products:continues through 
the rest of the conversion periods. It must 
also be kept in mind that GAO conducted its 
price study in locations where there 'is some 
price contr-01. 

On the other hand, the soft drink industry has 
begun marketing some of its products in rational 
metric sizes. If this trend continues and. a 
complete conversion i s made to metric sizes, 
price comparisons should be ea.sier for consum- 
ers. It has been stated, at least in some 
instances, that prices were not increased 
when conversion oc,curred. However, GAO was 
unable to independently verify t,he actual pric- 
ing of softdrinks. 

EFFECT ON TRADE IS UNCERTAIN 

Because most countries use or are converting 
to the metric system, the United States cannot 
deny the existence of the system or prohibit 
its use. jHowever, a multitude of factors 
affect world trade; and the business respond- 
ents to GAO's questionnaires and exporters 
and importers contacted by the National Bureau 
of Standards in its study considered the meas- 
urement s,ystem used to be of minor importance. 

A majority (60 percent) of the largest U.S. 
industrial businesses--the Fortune 500--who 
responded to GAO's questionnaire.believed con- 
version would facilitate trade through a common 

I- & 
F 

t 
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measurement,language, but'. over 80. percent: 
indica,ted:they did,not 'expect any sig.nificant 
change in,,e,ither exports- or imports as: a,: 
result of conversion. .A majority of the ,.~,,I 
firms responding cited factors, such as co&- 
petitive prices, high quality, superior 
technology, and good reputation .and:rel.iability, 
as being of:majort significance inpromoting 
exports. Engineering.standards and..the d.esiqn 
and manufactur.e of products in,either metric 
or..customary units were considered:to,,fbe of 
major significance in promoting trad-e by rela- 
tively few of the\ respondents. Less than 5 
percent of. the respondents considere'd;measure- 
ment units to be of maj,or significancetin, .: 
deterring 'tr.ade. ., _: ./ ,r ' I( 

! 
,Americ.an firms have..been trading for centuries. 
with countries that (1). use various measurement 
systems, (2) have different requirementsand 
laws that.must be complied.with, and, (3) speak 
different languages.. Information was not 
available on the extent that other countries 
have a:dopted and- use the entire international 
metric; system. GAO found no evidence. to.show 
that, the Nation's trade would be.siqnificantly 
affected by converting to the melt:r.ic system 
or remaining with the customary system. 

THE DECI‘SION TO BE-MADE ,:'- -- 

A matter to be considered iswhether.the.use 
of the metric system throughout the:world 
warrants the effort and expense needed to con- 
vert our day-to-day aff!airs, such as highwa.y 
speed limits, consumer products, and weather 
reporting, into metr-ic measures. 

-.: ; 
There is no question that'one. system should 
be predominant because the existence.of a 
dual system for any length of time is imprac- 
tical, inefficient, uneconomical, and confus- 
ing. It is not too late to make the,decision 
as to which system is to be predominant., The 

'decision is not an easy one becaus-e valid 
national conversion costs and the value of any 
benefits are not available. 

Since a decision will affect every American for 
decades to come, GAO believes the decision, 
which is to continue with the current policy 

’ 
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or change it, should be made by the 
representatives of the people--the Congress. 

GAO believes that this report will provide 
valuable information on metrication and the 
issues involved to the C,ongress, the Adminis- 
tration, the newly formed U.S. Metric Board, 
and to.the American people. The results of 
GAO's work is contained in a detailed report 
(CED-78-128) and is summarized in an Executive 
Summary ,(CED-78-128a). 

AGENCY COMMENTS AND GAO'S EVALUATIONS 

In commenting on GAO's report, the U.S. 
Metric Board's Ad Hoc Committee stated that 
the report contained detailed information 
on the status of voluntary conversion in 
many sectors of the economy which will be 
used by the Board. However, the Board dis- 
agreed with some aspect's of the report which 
are discussed in detail in the Executive Sum- 
mary'and in chapter 31 of the basic,report. 

The report contains.recommendations to the U.S. 
Metric Board and the Office of Management and 
Budget to help implement the current national 
policy in accordance with-the 1975 Act and its 
legislative history. The report also contains. 
a number of recommendations regarding other 
specific measurement activities. 
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INTRODUCTION 
r : 

Meter, liter, and gram. These terms are appearing more 
ahd more in the, United States, sometimes alone but often .with 
their "cousins," the foot, quart,'and ounce. #'The latter terms 
are. the most familiar to Americans and are part o,f what is 
commonly referred to as the customary system of weights and E ran 
measures; Meter, liter, and,~gram, are .pa,rt of the metric sys- 

T 

terni When you hear or see temper~ature~~in~degrees Celsius,, 
it i& also part of the metric system. 
tem,;is increasing, 

.Use o,f the, metric, sys- 
but the customary system is by.;far .the most 

predominant in the Uni.ted~.;States. '., .,' ., 
_' ..? , .: :. :' _, 

/ .'-: A movement is underway, however', to change our system of 
weights and measures':to ,the metric system., 'This c.hange, which 
is voluntary by law in the United States, is often.r.eferred 
to as metrication.: There are two types of conversion;.hard. 
and soft. Soft conversion means replacing customary measure- 
ment units .with equivalent metr.ic "unit-s without:,any changes 
in the size of products, materials, or structures.. One quart, 
for instance, becomes 0.95 liter. .Hard conversion means a 
change in the actual dimensions'of the product-, ma.t.erial",: OP. 
.struct,ure to metric dimensioas --1 quart becomes 1 liter which 
is 11.06 quarts. Generally, hard conversion results. in,rounded 
metric numbers which are easier to work with. (The metric 
system is explained in detail in ch.*2.) 

METRICATION--WHAT IT WOULD MEAN 

Many Americans have had some contact with the metric 
system. Many have worked in or toured metric countries, par- 
ticularly in Europe, and others were born in and lived a good 
part of their lives in metric countries before coming to the 
United States. 

In this country, the scientific community, for the most 
part, uses the metric system. Foreign-made automobiles are 
metric, and individuals and mechanics who work on them have 
metric tools. 
and other 

Metric units are appearing on food products 
items next to customary measurements. Skis are 

measured in centimeters, and 35-millimeter film is common. 
For several years, students/in such courses as chemistry have 
worked with the metric system. Today, many public schools 
dare teaching the system to their pupils. Weather reports are 
often heard in both Fahrenheit and Celsius (formerly known as 
centigrade). Nonetheless, use of the metric system is small 
in comparison to that of the customary system. 

. . 1-l' ~ 



Converting to the metric,system would'ev,entually mean. 
thinking; hearing, and seeing distances in terms of meters., 
volume'in terms of liters, weig-ht in terms o-f-.gr'ams', and tem- 
peratures in Celsius. It would mean new sizes for‘screws'and 
bolts, new distances on maps, new weights on scales, new speed 
limits on highways, and new tools to repair automobiles and, 
other products. It would also mean new,sizes for beverages, 
food, and clothing; new recipes -in the kitchen; and revisions 
in. educaeional mater-ials. Of course, it does not mean tha,t 
all sizes, distances, and weights would actually change, .but 
the,terminology'and'num,bers used,to express' them would. Met+ 
rication would probably be a combination of soft and hard con- 
version. The change would'not necessarilyir'be suddenand?!om- 
plete. ' , 
L 

A 'ch:ange to the metric system would- be significant. Met- 
rication*would.?affect'Americans at work, in schoolY:at home;: 
in shopping, and in their leisure'activities; Every'organiz- 
ation, f,irm, industry, and'level of government,would feel its 
impact. The impact could surprise many Americans. 

',We have looked into. the'subject of metrication to deter-. 
mine the status and trends in the use of the metric system; 
its implications for government, industry, and the American 
people as.citizens and consumers; and lessons that can be. . 
learned from the experiences 'of 'countrie's Jthat"are converting 
or have recently converted. The Congress, the Administration, 
and, in turn, all Amer.icans should be fully aware of the rami- 
ficationsof metrication. ,, 

E;OLUTION OF THE METRIC SYSTEM 

In 1790 the French National Assembly asked the Paris Aca- 
demy of Sciences to develop a new system of weights and mea- 
sures for France. Great Britain was,asked,to joinin this ef- 
fort but declined in 'favor of improving its own system. A 
new system was desired for France primarily becau,se the large 
number- of units that had come into everyday use was confusing. 
Often, several names were given to the same unit, and units 
varied from province to province and from city to city. Some 
French units differed in value from the English units. 

After considering several proposals, the Academy decided 
that the new system should be based entir=ely on one unit of 
length. Furthermore, the system would be decimal--based on 
lo--by adding prefixes such as milli (l/1,000), centi (l/100), 
deci (l/JO), dek,a (lo), hecto (loo), and kilo (1,000) to the' 
units to form the larger and smaller versions of each unit. 0 

The unit for length *was to equal one 'ten-millionth of 
the length of a quadrant of the Earth's meridian; that is, 
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one ten-milli,on,th. o'f an arc representing.the, distance, be- 
tween,the Equator and the,.N.orth Pole., The standard for the 
unit was determined--.by me,asuring an arc.of. meridian between, 
punk-irk, France., and Barcelona, .Spain.. The, unit was later.., 
named the metre (meter). I/ 

:-:The unit of mass (weight), called the gram, was defined 
as ,the mass of 1 cu,bic centimeter (a cube that i,s l/1,00 o;f 
a meter on each side) of water at its temperature of maximum 
density.. .The cubic,.decimeter ,(a cube l/10 of.a meter oneach 
side), which was named the liter, 
fluid capacity or volume; 

l/ was to.be. the unit. of., 
'The unit of.area..was,to be. the: '_( 

square me,te*r. ';' Because ,o~f,, its found,ation on th,e meter.,, the 
system became known as the Systeme Metrique (metric system)-. 

Aft,er its acceptance by the French Go,vernmen:t.~and a long, 
stc,rmy period,.before tak:ing hold in Fr'anc,e,. the.use. of- the 
metr.ic syst,em:slowly.but steadily spread fro? one country to. 
another:. 
tern. 

By 1880,, 17>nations had official-ly::accepted:th.e,sys- 

Today, 
An additional 18 .countries had. followed suit by l-9.O8.t..;, 

all countries,,except the United, States and several 
small countries, are,using the metric system or are committed 
to its use as .their predominant measurement system. 

IN T.HE, UNITED, STATES,. A C:ONTINU.OUS * i' 
FLIRTATION WITH THE iMETRIC. SYSTEM ..:1 ~ 

. ”  / 

, "u;S. conversion .to the metric system has bee.n an issue, 
'almost since the creation of the Nation,.. 
require conversion have been introduced in 

Numerous bills to. 
the Congress over 

the decades, but none passed. Metrication is still an, issue. 

The Jefferson Plan _- .I 

The.Na.t.ion's found,ing fa.thers recognized in the UISi 
Constitution the. importance,,of uniform weightsand measures 
by giving the Congress. the power to fix,.the standards of 
weights and measures. (art: 1, sec. 8). Thomas Jefferson was 
requested- in 1790 to develop a plan to establish,uniformity 
in currency, weights, and measures.for conside,ration by the 
House of Representatives. In his -report, Jeffe-rson noted the 
need for an invariable standard of length. He proposed two 
alte.rnative plans., One was to retain the customary system of 

&/Some controversy exists in the United States as to whether 
these two units should be spelled with an "er" or. 'Ire" end- 
ing (see ch. 2). In this report, we have used the er spel- 
ling in accordance with the U.S. Government Printing Office 
Style Manual. \ 



weights and measurXes butstand,ardize,it on the; basis of-,a new 
standard:of length,;; The second'pr'opo.sal was a new.'system ' 
based on:.'the~ same propo.sed stand,ard~,. Je-fferson believed th,e 
new system should be decimal. He was aware that the metric': 
system being proposed in France had the basic characteristics 
he desired'in the- new.system; however.# 'he rejected it because 
the basic measurement standard could not'be reproduced in any 
country exce,pt..France. 

The weights and measures plan was debated in the Congress 
for several,'years but- no action was: taken: ,In l795.and 1796; 
the Congress' also considered but rejected a suggestion from,' 
the French Government that the.United States.adbpt the metric 
system. A plan ,for a d,ec,imal! money system. based. on the.dol-i' 
lar,' which:.Jefferson hel@ed-develop, was later acce‘pted, by 
the Congress.< '. '. _ _: ; 

The. ,Adams Report IiL j ‘,- rj : ._ ::’ <; .-, 
/ ‘r : ‘, ) 1- ‘3 .- 

.As r.equired by a U.S. Senate resolution+:Secretary of ., 
State John .Quincy Adams in, 1821 submitted,his-."Report:Upon 
Weights,and.Measures" to theiCongress.' ,'Adams concentrated' 
his effort on international developments, existing weights 
and measures regulations in the States,, and the,availab.le.;,.: 
means for obtaining uniformity of the regulations. ~An'~impo~r- 
tant part of Adams' report was a comparison of the English 
and metric systems and 'the advantages and disadvantages of 
each for .th,e'Un,ited States.. .: Adams concluded in his report " 
that the Cong-ress should not change the existing system but 
should fix'the, standards for the units. 'His survey of the, 
existing situation in:each of the 22 States found that sub- 
stantial uniformity already‘existed. He.believed that the 
time- had not yet arrived in which he could recommend 

It* * * so great and hazardous an experiment * * *, 
as that of discarding all our established weights 

, and.measures, to. adopt and legalize.'those of France 
in their :ste.ad'. N -' : 1 

Adams was also.concerned that the Constitution may not have 
given the Congress the power to change the whole system of 
weights and measures when it said to'fix the stand-ards.' \ 
Use of the metric system is made legal 

In.1866 legislation was enacted that made it legal to 
use the metric system for the transaction of any and all 
business in the United States. In the proceedings leading 
to the act, the House Committee on Coinage, Weights, and 
Measures surveyed the status of the metric system in other 
nations. The committee's report recommended that the metric 
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system' be le,galized to give America.ns the. ,opportunity to..use 
it. The committee be.lieved that the country:would'soon be.y: 
come familiar with its convenience. The report~further stated 
that: 

5 .; : /:, ,C' 
II* * * When thi.s is attained -. a period-; it 'is. .' 
hoped, not distant, - a futher Ac.t of! Congress ca.n 
fix the .date for its exclusive adoption‘as a legal 
system." 

.I '% 
On. July. 27, 1866, when the bill was passed-, the Senate.also 
passedl a reso,lution to distribute metric standard.s.to th'e 
States., ,The President.signed the bill the next.day;. !A ma- 
jor :fac.tor in the d,eci.sion by the. Congress :to .pas:s this leg- 
islatio,n:was an e.arlier decision in1864 by the United,King-. 
dom to make use of the metric system permissable. ., i _') 

Although some in the Congress assumed that use of the. 
metric s,ystem would spread in the United States and become 
the dominant.system,.it did not., The 1866 act was neither 
mandatory nor,promoted the system's use. No targe,t d.ate for 
its adopt.ionwas es,tablished.. The metric debate continued. 

The united States signs : -..I 
the Treaty of,.the Meter ) ' : 

'8" 
The United States, on May 20, 1875, was 1 of. 17 nations 

that signed the T,reaty of the Meter--45 nations'have now ~ 
signed it. The agreement provided f0r.a ;permanen,t Interna- 
tional Bureau of Weights and Measures-un-der,the control of, ;; 
a committee of 14 members from- differ.ent countries.,. R,oth.of 
these are under th,e auspices.,of the General Conference.on,: 
Weights and Measures which consists oLf.delegates from all the 
countries that have signed the treaty. 

,' ~, 
The Interna:tio.nal Bureau's primary mission was to con- 

struct and verif,y the accuracy of new, more prec,isely defined 
measurement standards for the meter and kilogram. M'etal bars 
representing the length of a meter and metal cylinders rep- 
resenting the weight of a kilogram were constructed and dis-. 
tributed to the member countries to serve as their national 
measurement standards. The Bureau was responsible for main-. 
taining the meter bar and kilogram cylinder which were to be 
the international standards. To ensure the continued accura- 
cy and uniformity of measurement standards,‘the Bureau was to 
periodically,check, the international standards against the 
standards of the member countries and compare them with the. 
different standards of nonmember nations. 

The International Bureau and the General Conference on 
Weights and Measures are still in existence; They serve as 
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the mechanism for" recommending Andy considering refinements 
and other changes in the .metric system,on an.:international 
basis., I s. :_ ,,. : 

In 1890 the United States received and accepted its two 
meter bars and kilogram cylinders. Three-$years laterthese 
were declared to be the Nation's.fundamental standards of 
length and mass (weight) by an adm-in.istrative. actionof the 
Superintendentof Weights and Measures and, sanctioned by the 
Secretary of the, Treasury. The meter ,and kilogram [became the 
fundamental standards for defining the yard and the pound: 'I 
The administrative action is commonly referred to as the Men- 
denhall .Order. T ,'.'. '. ,,. 

1960--metric becomes an international system .'- 
I: 

Over the following years, several bil1s.wer.e introduced 
in the Congress to convert the United States to the metric 
system, but they 'were ~unsucc-essful: However, the. United 
States, asa member of the General,Conference on Weights and 
Measures, had been involved in redefining the metric system 
and:its units in, an effort to correct some :incons,istencies 
tha.t had, developed, '_ : ' i 8. I. 

When the metric system had begun, the most pressing need! 
was to standard.iz,e units,o'f:measurbe'used in the exchange of 
goods and services:.. Later, world growth of science and tech- 
nology led to the requirement for additional measurement units 
other than" the, meter and the kilog.ram for l.ength and wetight, 
respectively. The new .units were sometimes established by< ", 
different scientific methods, ,and, this often. resulted inmore 
than one metric unit,for measuring, the same physic.al‘gu,antity. 
Th.us , in effect, several me.tric systems were used around the:. 
world,. . ; I : i 

_' ; _ : ". 
The General Conference decided that an inter.n.ational .:,' 

system was ,needed to stand.ardize the metric system on a wor'ld- 
wide.basis. To meet this need, the General Confer:ence,.:-in 
1960, adopted a-n extensive revision and.simplific.at-iono,f the 
system. This new metric system was formally given the name 
"Systeme International d'unites" (International System of 
Units). Thus, a, modernized international mea,surement sys- 
tem became available for use'by all countries. However,,, 
many nations have been slow to,-adopt the new metric. system-., 
in it.s entirety. / '.I 

The General Conference also decided to abandon the meter 
bar, which had served as the international ,standard of length, 
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and s,ubs,titute a.wa.ve length .of l'ight.; l/ This twas a return 
to use of.:a measurement standard found in natur,e, and: it 
could be produced with great accuracy by a well-equipped : ' 
laboratory. 

The U.S. metric study 
_' . 

.After lO,years .of similar bills being consider,ed in the, 
Congress.i the Metric Study, Act (Pu,blic Law -90472,). became.' 
law in AugustJ968. The act directed thfe Secretaiy o.f,Com- : 
merce to, .: + 'i.~ / I ,: : . 

,, . . ,. , ;' '1: ', 
--determine the impact on the United States of 'the in- " 

creasing use of the metric system; 
,'/ ,' ~ ;. 

--consider the-'desirability and practic'abiiity of.in- 
j creasing its, use in the United States-; I: : ,'.' 

(7.' "I' . '" / ? < ; .* ~ ",' ~ 
'--study::the feasibility of ,retaining and:promoting ,engi- 

neering,.standards, on the basis o.f the,%customary,system; 
,. ".. ; .: ,~ i. .I_: 

,, -'--examine the effectson,international trade,, -foreign 
relations, national security, and- al;so‘ the~..practica-1 
difficulties of greater use of the metric system; and 

\ : :..: : ,:.., - ., ,.. r' ..,; i <. .) 
,' d'k-eva'luate'.the: cbsts and,- bene.fits of alter'na'tive cour'se,s 

., of action that the Un?te,d States migh't take. ., ,, ,I. '., 
. .._. .The S,ecretary of Commerce:de%egated respons'ibiJity for 

conduct2ng-the. study to the National "Bureau'of Standards :' 
WFW t NBS generally used questi.onnaire,s and hearings sup- 
plemen'ted {by. individual investigatkons of'the manufacturing 
industr(y.and nonman'ufactur%ng business; c'onsumers; the Depart- 
ment of Defense; 
education, 

Federal civilian agencies; and t,he areas'of, 
international trade, engineering standards, inter- 

national stand'ards, commercial:';wei'ghts and mea,sures, and the 
history of the-metric system con't‘roversy (in the,,Uhited States. 
The result's of each,area were published'in separate!volumes. 
The public hearings were summarized and analyz'ed"Iin another 
volume. 

. . 
As the metric study progressed, the-,study group conclud- 

ed that the United States is already increasing its u,se -of-, 
the,metric system a-nd 'that s,ooner or, later the' United States 
wiL1 probably become predomi,nantly metric. Thus, the study's 

l-/The length of a meter was redefined as 1,650,763.73 wave 
lengths of the orange-red line produced by krypton 86. 



major.8 thrust 'changed ‘froni'whether,:,the United States should : 
convert to the metric :-system .to; how--planned or unplanned; I ., .,. 

In.July 1971 the Secretary of Commerce issued his report, 
"A'METRIC.AMERICA, A Decision Whose Time'Has Come:", The re- 
port, stated th,at eve.~tually,'t~~"Un~ted States" will joil;n the 
rest of 'the 'tior'ld 4n u's'ing'~t,he~metric system as the predomin- 
ant common language of measur,ement. The.basis ,for this' con- 
clusion,was that the United States isalready metric in some' 
respects, that it, is'becoming- more so,,.and th$t the great" 
majority of businessmen, 'educators,. and other info,rmed 
participants in the study reported,that the increased use of 
the met,ri~c ~,s,ystem' is-'in the ,best int'er,est of the' Nation'. The 
speci’fic r.ecbmmend,a’kions‘ i’n th.e’ ,repbrf -were: , i’. :. ’ :: ” 

/ ., ., I’ : .. : i/ ,. ,., . : ,- ,, ., ’ 
--The uhi’+&yd .-#ates shb;‘pid’ chahge’” to :the’ $.nterna;.i.&ai ‘:. 

metric- system del‘iber'ate;y and ca~re‘f'ully ~th,rough 'a COT 
ordinated national progr'ani: '-. : 

'--The Congress should establish's c.entral coordinating 
body to gui,de the change.,::. ',; ', '* !' 

--Detailed, convers'ion plans and 'timetables should be 
'wor,,ked out by" the sectors, 'themse$ves $ithin this 
framework. " ,, ' !, '*. ,, ~ .T," ' ., i, : .' 

-1Ear1.y priorityshou,ld be,g:iven to educating school- 
children-‘&id t'he.'public ,at large to think i,n metric .terms. ." ". ,' ,. 

--Immediate ste-ps should be taken by the Congress to 
foster U.S. participation in international'.standards 
activities. ~ I 1, 

'. -7+ny converskon costs should 'IIce where they fa.11." 
v_ 

--The Congress should establish a lo-year time frame -for 
the United States to become predominantly metric. 

--There should be a firm government commitment to con- 
vert.' : ,., 

The report's recommendations did ,not settle the metric 
question. B'ills to implement the recommendations were de- 
bated in the Congress fo.r, the next several ye'ar"s; none were 
passed. Although the'advantages and disadvantages of metric 
conversion for the United,States were st'ill an issue, a maj'or 
area of co.ntroversy wasthe impartiality an.d completeness of 
the NBS"metric study. The'critics, which included former mem- 
bers .of the study group and its advisory panel, 'contended that 
NBS was biased in favor -of conversion while performing the 
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study an,d r,eposting the res~;L.,ts~., The,critics ,d:id: not be.1.iev.e 
tha.t: t,he -study ad~equa.te;Ly addressed, t,he. cqsts and, b,enefit%s 
of converting. / ' 

i ; I. : .' 
_' .-@e&id conversion 'leg i:slatio.n ,w,a's:passed. in,ithe Senate 

in 1.97,2->providing 
a lo.-yea,r period., 

fqr a predom.inant1.y met&d ;Amer ica~ within 

ac.tion. was ta-ken. 
It was .in,t,roduced.. in t,he .HqPse *where np ,1 f 
.In the ,follpwing years,,:various.unsuccess- 

ful legislative .pr,oposals,were discussed. Further p.rogr:ess 
was ,not.,made:unt.il 1975 when the provision for a.predominantly 
metric America- wi‘thin ,l.O years. wa.s -dropped. . . :... , 'Y' 1. . 

: In,- tk;e ‘i;.Ynt,in;e:l, .&.g Ed~&~;~5& &;;~m.~At,si Acg <$: ,;f7;: 1 : 

Gas e;lacted. It ,in.cl~ud.edl,a~ section a.ut'~o.,t-iz'i;;g,;($,~Q.,“mlil~ion ,_ 
a year for a 3-year period to encourage education aoenc‘ies 
and in,,~ti.tu:tio,ns,.to 'prepare .students ,t,o,,:.us~e ;:t,he~ .m,et,ric sys- 
ty?. .:~n!,~each',,pf fiscal I.years. ,197.~,,+9~77, and :197,8.,..$2.1 mil- 
lion was app'ropr‘iatedv for t.h,is purpose,'.. (I. d.- :. : :'. ,' : ;' .'I 

THE METRIC CQNVERSIOIj ACT QF; 1,975 ~ ~_ i".. :.,, ", 
.'? -', 

On December 23, 1975, the Metric"Conversion Act was en- 
acted. It decl,ared that -the policy o,f, the ~United .States is 
to coord:inate a-nd plan, the inc.reasing..use. of the.!metric system 
and provided for the establishmen't of's United, State's Metric 
Board to coordinate voluntary conversion to the 'metric system. 
The act,neither provided a firm~‘commitment to, convert.nor a 
time frame to go by and left. uns,et‘tled',,the gue'stion, of who 
should bear the conversion costs. 
provided for under the act. 

No financiai a,ssis,tance was 

x. .',_ 
The act ,did not isti,pul,ate.. whether the cus'to'mar,$' or met- 

ric system should'be the predominant measurement"system for 
use in the United States. The national policy; therefore, is 
not to prefer one system ,over the other but to prgvide for 
either to be predominant on the basis of the voluntary actions 
of- those affected. .: 

The Metric Board 

More specifically, the act provided that the Metric Board 
be comprised of 17 members appointed by the President' with the 
advice and consent,of the .Senate. 
ception of the' cha,irman, 

The members,,, with .the ex- 
are to represent the fol:lowing' sec- 

tors,of,U.S. society:: engineering,' 
manufacturing, 

scientific and technical, 
commercial and retailing, labor, State and lo- 

cal government, small busines.s, c,onstruction, education, and 
standards-making.. ,In' addition,. four ati1arg.e members 'are to 
represent consuiners a,nd other interests considered suitable 
by the President. Labor and small ,business are'to be‘repr.e- 
sented by two members.. The other sectors are to each have one 
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representative.,,-The members are to serve staggered terms 
from 2 tom 6 years. All, may be -<appointed, to a,n additional 
6-year term. ':. 

of 

The Metric Board- is to:,devise and carry out a ,broad pro- 
gram of ,planning,,,coordination, and public education, consis- 
tent with other n,ational policy,and inte,rests, with the aim 
of implementing ;the policy set forth in the. ac.t. It is to 
serve as a focal point for voluntary conversions to the met- 
ric system. It has no compulsory powers to require any sec- 
tor of the economy t:o,.convert. In this regard,. the.Board is 
not to advocate metrication but,is to assist various-. sectors 
when and ,if,they choose to ,convert. -The .-act, however, pro- 
vided th.atthe, Congress..could, gaive, the -Board such ,powers at a 
later date. 

In carrying, out the program,, t-he Board is to '. 

--consult with &&take into accoun,t the.interests., 
views, and.conversion costs of commerce and.,indus-tr.y, 
including small 'business, consumers, labo.r, government 
agencies:at all levels,. metric c0nversio.n groups, and 
such other, individuals .or groups as are ,considered, 
appropriate,; -. 

--provide for appropriate procedures to'obtain 'the .views 
of affected groups; ' 

--publicize proposed conversion programs, and pr.ovide an 
opportunity for interested groups or individuals to 
submit comments; ; 

--encourage activities 'of standardiza:tion organizations 
to develop.or revise engineering standa.rd.s on a metric 
measurement basis and 'to take advantage of opportuni- 
ties to promote rationalization, improvements of de- 
sign, reduction of size variations, and other opportu- 
nities; 

--encourage the retention in metric language of those 
U.S. standards which are internationally accepted or 
of superior technology; 

--consult and cooperate with foreign governments and in- 
ternationai organizations to gain international ret- ,. 
ognition for metric standards proposed by the United 
States and, during U.S.' conversion, 'to encourage re- 
tention of equivalent customary units (us'ually by way 
of dual dimensions) in international standards or rec- 
ommendations; 
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--assistthe public, .through~ information and education 
programs; to bec'ome.:familiar with; the: meaning and ap-! 
plicability of metric terms and measures; : .': 

--collect,. analyze, and: publish information about the 
/ 

extent of usage of metric measurements; evaluate the 
costs and.benefits of metric> usage; -and,inake:'efforts 
to 'minimize any adverse effects resulting from in- 
creasing metric usage; and 

--conduct research and surveys;V'publ,ish the.,re'sults, 
and- recomm‘end to the Congress a.nd t,he,,President, '.,_ 1.' 
appropriat'e 'actions to,. deal with, a'n.y .unresolved" proI?& 
lems, issues, and: questions associated with metric 
conversion or usage. 

The act mentioned several areas 'that the,,Metr:ic Board 
may study, but to which it was not limited. These are the 
(1) impact on 'workers'; such as cost of,tools-and training, 
and on different occupations and indusfries, (2) possible 
increased costs to consumers, (3) impac,t on society and the 
economy, (4) effects on small business,: (5) impacton<the 
U.S; international trade position, (6)'appropriateness and 
methods for using procurement by the Federal Government as. 
a means to implement conversion, (7) proper conversion or 
transition period in particular sectors of society, and (8) 
consequences for national defense. ,- 

The Boar'd isrequired to submit'annual reports to the 
Congress and the President on its activities and the status 
and projections for the conversion process. These reports 

' may include recommendations for legislation or executive ac- 
tion needed'to implement conversion programs accepted by the 
Board. Not later'than 1 year after the Congress appropriates 
money for the Board, the Board is-to submit a report on the 
need to provide an effective mechanism for converting custom- 
ary units to metric'units in laths and resulations‘on a coor- 
dinated,and timely basis in response to voluntary conversion 
programs adopted and implemented by various sectors of the 
economy. 

The Metric Board is to be independent of any department 
or agency. It can establish an executive committee and other 
oper.ational committees it considers desirable, h'as contract 
authority;' 
ate. 

and is authorized to conduct hearings as appropri- 
The Board is to operate through a.n executive director 

and necessary staff personnel. 

The 17 members of the Metric Board were nominated by the 
President and confirmed by the Senate during the'first half 
of 1978. Although the Board has met several times, it had 
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not.become fully operational, at the time this report went to 
print;, In the Senate Committee report on,the. 1975 Act,, it 
was estimated that the Board would.need ~$2 million; for the 
firstyear and $3 million per year thereafter. The: Boar.d re- 
gueste,d $1.8 million, for its first full year of operation; ' 

.,/,, 
METRIC ORGANIZATIONS 

'; 
There are two major metric organizations: the American 

National Metric Council (ANMC) and .the UdS. Metric.Association. 
AMMC, a nonprofit..organization, was established in 1973, by.. 
private sector initiative under the.auspices of the ,American 
National Standards Ins.ti.tute ,(-ANSI)'to assist all segments of 
the U.S. economy in planning, coordinating,, and implementing; 
the voluntary change to the metric system. On July 1, 1976, 
ANMC became .an indepe,ndently,incorporated organization. It 
is located in Mashington, ,D..C. , 

. I .I 
The core sf. the- ANMC is its sector committees which :‘ 

coordi'nate the metric- activitie.s in their -respective segments 
of the.economy. The,sector committees, are made.up of repre- 
sentatives of industry, government, labor, education,..and . .. 
other groups as deemed appropriat,e. The more than 30 sector 
committees are grouped, under 5 coordinating committees: ma- 
terials, enginee.r:ing industries, construction industries, con- 
sumer products, and education and industrial training. 

ANMC expects to play a key role in providing, input and 
assistance to the U.S. Metric Board when i.t,becomes active. 
It does not foresee being absorbed by the-Metric Board but 
continu,ing to serve as the focal point fo,r conversion, 
activities in the private sector, po-ssibly with some,funding 
from the Metric Board. 

The U.S. Metric Association, founded in 1916,. is a non- 
profit organization. Its main goal'has been advocating and 
promoting the use of the metric system as the primary measure- 
ment system in the United States. This'ha.s been carried out 
primarily by means of publications, meetings, and the indi- 
vidual activities of i,ts members. Itsmembership through the 
years has consisted mainly of scientists, engineers, and edu- 
cators. The Association is located in Boulder, Colorado. 

SCOPE OF STUDY 

F7e discussed metrication with numerous officials of trade 
associations, individual companies, ..Federal and State govern- 
ments, and other.organizations in the various sectors of U.S. 
society. Questionnaires were mailed to 1,400 small business- 
es --over 70 percent responded: the 500 largest industrial cor- 
porations --over 80 percent responded; all State governments 
and State education agencies --92 and 100 percent responded, 
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respectively; and 400 associations in thesbuilding ,and con- 
struction industry-- over 70 percent responded. ,The question- 
naires used a're appended to their respective,chapter' in .this 
report., We cont,racted with a public opinion polling organi- 
zation to'conduct a survey of consumer views on the metric 
system. Relevant legislation was also reviewed. 

. 

.  

We-also discussed metrication with officials of Canada's 
metric commission and the United Kingdom's metrication board 
as well as with several Canadian and British industry 
repr.esentatives. Pertinent, available documents on metri- 
cation in Australia, Canada,, 
Kingdom were. reviewed. 

New Zealand,, and the United 
.The data we obtained was not evaluated 

in detail for its validity. 

Further,. we had a group of consultants knowledgeable in 
various fields but having different views onmetrication re- 
view our tentative findings and conclusions. 
taken in'this repor't, 

'The positions 
however., are those ultimately arr,ived 

at by the Gene.ral Accounting Office. Following ,is a ,listing 
of the'se consultants and their affiliation at the time we 
consulted with them,. ,. 

--Dr. George Eck.lund; Director, "Office of 'Economic 
Research;,U.S. International Trade,Commission 

,'" 
--Mr. Thomas A. Hannigan, Administrative Assistant to 

the International,Secretary, International Brotherhood 
of Electrical Workers 

--Dr. Robert Johnson, Vice President Engineering, 
Burroughs Corporation / 

--Dr. Lee Richardson, President, Consumer Federation 
of America : ,, 

--Mr. Roy P. Trowbridge, Director, 
Ge'neral Motors Corporation 

Engineering Standards, 

--Dr. Robert C. Turner, Professor, Graduate School of 
Business, Indiana University 

We wish to express our appreciation to those, both in the 
private and public sectors, 
of our study. 

that helped us during the course 
They are too numerous to thank personally. The 

associations, companies, organizations, and- governmental agen- 
cies who contributed information for this report are listed 
in Annex I. , 
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CHAPTER 2 
^ ..,. 

THE METRIC SYSTEM . . 
Although many Americans have probably(heard or seen ref- 

erences to metric terms or units, they are probably unfamil- 
iar to a large extent vith the metric system and its units. 
The,degree of knowledge of any measurement system will vary 
by .individual. Accountan.ts, homemakers, ,po.lice officers, or 
lawyers in their day-to-day activities probably use only a 
f-ew measurement units. 
cis-ts, astronomers, 

On the other hand, chemists, physi- 
and engineers are concerned with. a much 

greater number of units , .many of which would seTem comple,x and 
technical to large parts of the population. . '. 

: :  i. 
I  

The first section'of this chapter is a discussion of the 
metric units that the majority of the general 'public may use 
and see during their day-to-day activities if the United 
States converts to the metric system. The second section is 
a brief description of the system's general structure. 

METRIC UNITS FOR EVERYDAY USE 

If metric becomes the predominant measurement system in 
the United States, most.Americans probably will be concerned 
with only a few of the units. 
would be the meter, 

The more commonly used units 

joule. 
liter, gram, degree Celsius, Pascal, and 

Also, the prefixes milli (l/1,000), centi (l/100), 
and kilo (1,000) would commonly be used with somelof the b 
units to,form multiples and submultiples of the units. 
For example, kilo could be added to gram to form kilogram 
(1,000 grams). Below is a discussion of how these units com- 
pare to the customary units that they would probably replace. 

The meter would replace the yard as a measurement of 
length. A meter is slightly longer than a yard, about 1.1 
yards or about 39 inches. The figure below shows the compar- 
ative sizes of a yard and a meter. 

1 METER 

1 YARD 

(COMPARATIVE “YE; ARE SHOWN) 



. 

Millimeters: and centimete-rs wouJd:be' used.-: j.nstead:.'of 
inches and feet. A millimeter .is abo,ut the :d~iameterr .of the ,. 
wire u.sed, <in' a -paper. lcl-:i.$ .:. while acehtimeter '. 
is a 1iXtle more than Xhe CT?)) widt.h: of:,2..a~ !pape'r cli,p, 
or ,about ,0.:4 inch; -.About. 2.54' centimeters,. o'r 25.4.:. m,ilTime- 
ters, equal an inch. A foot is slightly longer than: 300 mil& 
limeters, or 30 centimeters. 

.entimeters ; \. 

$6 . . 
riches 

: !< T,3,it, 2 ,':I ;, ..,3 ,1 4 j '1 YIY ., _- ,- 5 ;. b .I, : ,. _, ‘a, L ., 
Jllllllllllll~l~l IIl!IIIIIlIII1I IlddIIIIIII IIIIIIIhI IIIIIdIIIIIII IL 

,; ...I 
., ", ! ,r(N(JT T; $&) 

r i _, I',. 
Kilometers Gould. be' used for. distanc'e's~,,i.n piace of miles. 

A kilometer is somey!hat further tha.nhalf a mile, or about 
0.6 miles. Speed would be expressed in kilometers per hour. 
The national 55-miles-per-hour speed limit, for instance, 
would probably be-come .90 kilometers p:er..hour;- which is,about 
l-mile-per-hour faster. In the example illustrated below, 80 
kilometers, per hou,r is equal ‘to about -‘5.0 mile's :per: hour. _' ., : ., ,i - ,._ , ', ',.I. ,: 

. '. ., "2 : "' ,I 



The kilogram and gram would be.the units for >we.ight in- 
stead of the,pound and ounce.' A,kilogram equals about 2.2 
pounds and,would be used for larger ,items. Grams would be 
used for.weighing smal.le;r,items,. There .are sl-ightly+more than 
28 grams in an ounce. One gram weighs about.the same asa 
paper clip. 

', ;' 
‘: IKILOGRAM. ~ ” 1 POUND 

Liters -would replace gallons‘ and quarts fo.r,vo.lume. A 
liter is about 6 percent more than a quart. A tankful of gas 
that may have been 20 gallons would be 76 liters. A liter of 
milk would probably take the place of the quart container. A ~ 
gallon of paint would probably be supplant.ed by,:a 4-l$,ter can. 
Milliliters would ,,be used for smaller volume. A half-pint 
container may be .replaced by's 250-milliliter container. 

! 
.c -i b .:_ I. .' : I 

'.. 
.;;. .' .' .,. .,, :, : " ,, 

_. A I 
I 

1 LITER -,, 1 QUART 

! 
: / 

4. 
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I) Temperatures would be giv.en in degree .Celsi..us. (-former1 
c’en.tig,rade) .r,ath’er tha.n;.in degre:e Fahr.enheit: Water freeze 
at zero d,egreeS Celsius and\ boi.1.s at 100 ,d.egrees Celsi:us. 
Body temperature is 37,. degrees. rather khan ,98.6 degrees.. 

(,.$ ‘. i ‘ ,, : 

Y 
S 

_’ 
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A temperature of 20 degrees Celsius wou‘ld be a mild day 
(68 degrees Fahrenheit).. Atemperature of 10% degrees Celsius 
would be about50 degrees..Fahrenheit. Forty deg.ree‘s Celsiu's 
would be- heat wav'e conditions (1'04 degr'ees Fahrenheit); The, 
following depicts the difference between 25 degrees in Celsius 
and Fahrenheit. 

',I ._ t ,i I_ i ., .I ..; r: "i : .': a, .. 

25 DEGREE,S FAHR’EljlHEIT 25 DEGREES-CflSIUS; 
I 

_‘. ., : : 

( ,i :. ..i; 
, 

Degrees Cel's+us 
,-‘-, .I 
can be converted to degrees Fahrenheit by 

multipLying the Celsius,::temperafure by 9/5 and then addinq 32. 
Degrees.Fahrenheit.c,an be converted &degrees Celsius by'-mul- 
tiplylng degrees Fa'henheit by 5/9 after subtracting 32. 

Kilopascals would 'replace pounds per,.square inch for 
pressure.' A tire with an air pressure of 30 pounds per.square 
inch would have about 210 kilopas'cals of air pressure. Pounds 
per square inch can be conve.rted ,to kilopascabs by multiplying 
pounds per square'inch by a factor of 6.895. ~ 

., .' .' 
Joules would be counted rather than calories. Converting 

to metric would mean that a piece of pie with 750 calories 
would have about .3,'000 joules. Calories can be converted to 
joules by multiplying'calo'ries by a factor of..4.19. 

i 

L 
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METRIC CONVERSION FACTORS 
Approximate Conversions to Metric Measures 

Symbol When You Know Multiply by To Find 

. . I  I  

LENGT’H 
‘_: 

‘i : ;i 

in 
ft 

vd 
mi ‘. 

inches 

feet , 
yards 

,. miles 

’ ?s5 
30 

0.9 

1.6 ‘. ., 

centimeters 
centimeters 
meters 

kilometers 

* in2 

ft2 

vd2 
mi* 

square inches .6.5 ,: square centimeters 
square feet 0.09 square meters 
square yards 0.8 square meters 
square miles j ‘,. ‘2.6 square kilometers 
acres 0.4 hectares 

MASS ‘(weight) 

02 

lb 

ounces 28 

pounds 0.45 
short tons 0.9, 

(2000 lb) ,. 

” grams 
kilograms 
metric tons 

VWJME ‘. 

tsp 
Tbsp 
fl 02 

C 

Pt 
qt 
gal 
fts 

Vf3 

teaspoons 
tablespoons 
fluid ounces 

cups 
pints 
quarts 

,,gallons 
cubic feet 

cubic yards 

5 

15 
30 

0.24 
0.47 

0.95 
3.8 

0.03 

0.76 , 

:,, 

milliliters 
milliliters 
milliliters 

liters 
liters 
I/ters 
liters 
cubic meters 

cubic <meters 

TEMPERATURE (exact) 

Fahrenheit 
temperature. 

5/9 (after 
subtracting 

32) 

Celsius 

temperature 

Symbol 

cm 
cm 
m 
km 

cm2 

$ 

km2 

ha 

0 
ko 
t 

mL 
mL 
mL 

L 
L 

L 

L 

1: 

OC 

Note: This chart is based on National Bureau of Standards’ publications. 
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Symbol 

mm 

cm 
m 
m 
km 

centimeters .9.4 inches in 
meters 3;8 
meters 1.1 “’ 

feet ft 
yards yd 

kilometers 0.6 ,1 miles .mi 
4 

cm* 

m* 

km* 
ha 

square meters ! ‘, : 1.2 ,. 
square kilometers 0.4 
hectares (10 000 m*) 2.5 

9 

kg 
t 

grams 

kilograms 
metric tons (1000 kg) 

mL 

L 
L 

k3 

m3 

Approximate Conversions from Metric Measures 

When You Knoti ’ Multiply by To Find Symbol 

hilliliters 0.04 inches 
,:< 
m 

AREA 
:: 

square centimeters 0.16 square inches 
square yards 
square miles 

acres 

in* 

f 
ml 

MASS (weight) ,“,i ‘I’ 

6.635 
2.2 
1.1 

ounces 02 

pounds lb 
short tons 

_ b 

VOLUME 
\ 

Cefsius 9/5 (then Fahrenheit 
temperature add 32) ,_ temperature 

I  

OF 
i 

OF 
OF 32 98.6 212 

-40 0 60 120 I60 200 

I ’ ; ‘I’ ‘I’ 

1: 40 

’ ; ‘I’ ‘,I ‘1’ ‘I ’ ; ’ ,’ ‘,I ‘,I 
-2: -20 0 20 37 40 60 80 OC I00 

Note: This chart is based on National Bureau of Standards’ publications. 

L 
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milliliters 0.03 flu’id ounces fl 02 
liters 2.1 pints Pt 
liters 1.06 quarts w 
liters 0.26 gallons gal 

cubic meters 35. cubic feet fts 
cubic meters ,1.3 cubic yards vd3 

TEMPE~RATURE (exact) 
t 



THE .METRIC SYSTEM 

The metric ,system.s;pec.i$ied ,by the Metric Conversion Act 
of 1975 is the I';ite.~n~tfori$l"'S'~s~‘e~ of" Uiii'ts‘ (SI) , established 
by the General'Conference'on Weigh-tsand Measures in 1960 ,and 
interprete'd'o'r modified' for'the United States by the Secretary 
of Commer,ce. The General Confe,rence hasmade so,me changes in 
the SI system since 1960. Further requirements or changes 
are 'anticiljated as the need arises. The Assistant Secretary 
of Comme,rce.for, Science and,Technology, who was:delega'ted by 
the Sec,r:etary of Commerce"the responsibility for interpreting 
:the SI system for .U.,S. us,e, in carrying out this responsibil- 
'ity hasiincorporatedPthe'se‘changes,and made :some other slight 
variations. .r ..,, Pl. ., . . ,_,. , ,; 

s. ,., 
..The general characteristics of the!'.System have- remasined‘ 

the same'. ; 'Al-1 +u.nits ..are derived- .from,,seven base;:units,, and 
'there 'i,.s only one recognized .unit for,:'each. phy~ic$l~.,guantity'-- - 
.the meter ,for length, the kilogram for,;;mass, etc. A major 
.characteristic is.that the SI. system ,i's;de,cimal--based on.10. 
The multiples and-,submultip,l,es are~*,formed by adding any 1 of 
~1.6 prefixes to the units, ,resulting inlesuch'terms as' the mil- 
1imeter:and centimeter. Each unit. and $ref.ix has an in,terna- 
.tionally agreed symbol which, according to the ,agreement, was 
to be the. same ,,in any language'. - / I 
General s,tructure of'the SI system L 

;  . . , .  “2 

The SI sys,tem,,is made up"of three,.categories of,measure- 
.ment units: base?, supplementary, and derived.' The16 pre- 
fixes indicating decimal multiqles and submultiples are used 
with these units to move, up and down the scale of me‘asurement. 
Currently,. ,there are seve.n base units, two supplementary 
:units,c and,numerous deri,yed units. 

.~Z.. 
In addition, some non-S1 

units may be used.with,,SI units. However, not eve'ryone has. 
,to be concerned with.al.1 these units or p.refixes.':.. ,,.: i 

.,(" :' ,, 
.Bas-e and supplementa-ry units ." ,, : < 
The base units serve as the foundation for the SI system. 

Base units are not more basic or fundamental than the other 
SI units but ra.the,r are considered to have indebendent dime.n- 
sional,or measurement properties. They form the base,from 
which the other, units ca'n'be,mathematicallyiderived,. -For ex- 
amgle, a meter --the base unit.for length --mhlt.ipl,i,ed 'by a meter 
is a sguare meter, the unit for area. In addition.to the sev- 
en base units, t.here.are two, units about which the'Genera1 
Conference is undecided,,as to whether they should be base 
units or derived units. They are called supplementary.units 
and may be treated either way. 



:. _.(. 

: BASE UNITS : L I 

1 ‘. 
; I DERWED UNITi ljiiii. SPECliL NAMEi 

iecond 

mole ,-, \ 1 POWER, .I 

I mo’ I 
u I 

AMOUNT OF SUFISTANCE 

ELECTRIC CUiRENT’ ‘1 

THERMnlW;AMIC TlMPERATUREI mi i ) ‘u ’ - .. 

i TEMPERATURE 1 MAGNETIC 
, tot ;TK- 273.15 1 

MAG... . .v 
j 

FLUX I I 
FLUX, ,. 

_I I 

SUPPLEM~NTAdY UNlis 
DENSITY 

; : 
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The base and supplementary units with their symbols are 
listed below. 

Quantity . -. 

.- : 
length , 1 

;rnass ” : 
. 

time :. 
electric current. * 

: thermodynam’ic teihperature 

amount of substance ,’ 

,_. 

Base U,nit name Symbol 

A&, 
m 

kilogram ’ kg 

second S 
. . ! 

ampere A 

kelvin K 
1. “. 

’ mqle. mot “,’ 

\ , 
..: , Supplementary W/its /i” !:.- :;’ : 

: Quantity Supplementary Unit .’ 

I. plane angle radian rad j S( 

solid angle steradian 1’ .:: : .sr : 1” ‘:!. /‘i 

Measurement units for all other ouantities are mathema- 
tically'derived from the above'.nine units according to the 
r&es of algebra.' Eighteen of the de.rived..'unitsa have been '.' 
given special names rather than being expressed in terms o:f 
other units. These special-named, derived un+ts are shown 
on the following page. 

2-10 / 
b-. 



SI derived units w.ith special names 
- .  . . / .  . ”  , ._, . -  

, .  
b. I  ‘,: . I  

s1 unii ._ ,i 

Quantity Sym- 
. Expression 

Natne in terms 
bol of other 

.a , , ,  

Expression 
in terms 

of Si base, 
)_ units units 

frequency 
force 
pressure, stress 
energy, work, quantity 

i of heat ,: .” 
power, radiant flux 
qu&tity of electricity, “&&tiid”itia’ 

electric potential, 
potential difference, 
electromotive force. 

capacitance 
electric resistance 
conductance 
magnetic flux 
magnetic flux density 
inductance *‘I 
Celsiustemperature 

luminous flu;l 
illuminance 
activity (of a radionuclide) 
sbsoibed dose, specific,‘ 

energy imparted, kerma, 
absorbed dose index 

her& HZ s-1 
newton, N 
Pascal Pa N/m? 

m . kg ,..$a 
;,.,:.:;,$y.: 1. kg ..s2 ,, ,.,i, 

joule N.m m2*. kg . s-2. i, 

watt ib J/s rn,g . kg . s-3, 

‘coulomb ” c ’ .‘“A .s. ““s. A.’ ,I .,. . 

volt’ v 
2 

m2 . kg . s-3 .  A-1 
farad 
ohm h 

m-2. kg-1 . ~4. A2 
VIA m2 . kg . s-3 ‘. A-2 

siemens 
web&- ‘.1 1! ’ ! ;b .“?. $I,“, 

m-2 . kg-1 . ~3. A2 

tesla - T 
henry, H, E2’ 

m2 . kg .5.2 . A-1 
kg . s-2 . A-.1 
m2 . kg . s-2 . A-2 ” 

degree 
Celsius ^ oC Ii 

lumen Im cd.sr ” : 
Iux lmlm2 lx 
becquerel 

m-2 . cd e sr : 

% ,. s-l . . 

gray Gv J/kg m2 . s-2 

The newton, for instance, is the force requir,ed to ycelerate 
1 kilogram 1 meter per second squared. 

:z*, / . : ‘ ,. ,.. ,,- 
The, numerous other, derived unit’s rare expr’essed. in terms- 

of other.units.. : Examples of- the-se, are.given in the following 
ttibles. . ., I/ ,.: .*. 3 3’ 

.~ 
.;. ’ 
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Examples of SI derived units expressed by means of,special names 

I SI unit .-, 

I Quantity 
Name S+lbdl 

Expression 
’ ii terms of 

dynamic viscosity 
moment of force 
surface tension 
power density, heat flux 

density, irradiance 
heat capacity, entropy 
specific heat capacity, 

specific entropy 
specific energy 
thermal conductivity 
energy density 
electric field strength 

: electric chargedensity 
electric flux density. 

permittivity 
permeability 
molar energy 

SI base units 

Pascal second Pa . s ::, m-1 . kg . ,-I 
newton meter N.ti mg * kg . s-g 
newton per meter N/m kg . s-2 

‘,C, 
watt per square meter W/m2 kg . s-3 
joule per kelvin ; ,,_. J/K ), :: ,,,2 . kg. s-2. K-1 
joule per kilogram 

kelvin J/(kg . K) 
joule per kilogram J/kg 2 . s-2 . K-1 . s-2 
watt per meter kelvin W/(m . K) m . kg . s-3 . K-1 

joule per cubic meter .” J/m3 m-1 . kg . s-g 
volt per meter V/m 
coulomb per cubic meter 
coulomb per square 

C/m3 
m . kg . s-3 . A-1 
m-3.r.A 

meter 
farad per meter 
henry per meter 
joule per mole 

C/m3 
F/m <j. 
H/m 
J/mol- 

m-2 .s.A 
,-3. kg-1 . ,4 . A2 
n-i; k;g ysg; A-2 

. mol-1 
molar entropy, molar heat 

capacity 
exposure (x and 7 rays) 
absorbed dose rate 

joule per mole kelvin 
coulomb per kilogram 
gray per second .._ 

J/(mol . K) 
C/kg 
Gy is 

m2 . kg. s-2. K-1 . md-1 
kg-’ . s . A 
,2 * ,-3 

Examples of SI derhied units ekpressed in.terms.of base units 

Quantity Name 

SI unit ,! 
Symbol 

area 
volume 
speed, velocity 
acceleration 
wave number 
density, mass density 
current densitv 

square meter 
cubic- meter ., 

meter per second 
meter per second squared 
1 per meter 
kilogram per cubic meter 
ampere per square meter 

m/s 
, m/s2 

m-1 
kg/m3 
A/m2 

magnetic field strength ampere per meter A/m ,. 
concentration 

>, 

(of amount of substance) m.ole per,cubic meter mollm3 
specific volume cubic meter per kilogram 
luminance candela per square meter 

I 

Prefixes 

The metric system is decimal. because prefixes are used 
to indicate,multiples and submultiples of 10; For example, 
kilo (l;OOO) can be,combined with meter to form kilometer 
(1,000 meters).' Milli (1/1,000 or 0.001) also can be used 
with meter to form millimeter (l/1,000 of a meter),. The 16 
approved prefixes, are,listed on the following page. 



SI Prefixes 

Multiplication Factors Prefix SI Symbol 
.;, 

1000000000000000q00 = 1o’8 '- .-. ,_, exa 
E 

1 000 000 000 000 900 = ,015 wta P 

1000000000000 = ,012 tera T 

1000000000 = IO9 9i9a G 

1 000 000 = IO6 mega 

1 000 ‘I = 103 kilo 

loo = 102 hecto 

IO = IO’ ieka 

0.1 = 10-l deci 

0.01 = ,()-* centi 

0.001 = 10-3 

0.000 001 = 10-6 

niilli 

micro 

da 

m 

P 

o.ooo..ooo 001 = 10-9 nano /I n 

Ii-J? 0.000 000 000 001 = pica’ I P 

0.000 000 q.00 000 001 = 10-15 femto f 

0.000000000000000001 = 1o-‘8 atto a 

It should be noted that the kilogram, rather than the gram, 
is used as the SI unit. 
fix. 

It is the only SI unit 'with a pre- 
Because double prefixes are not to be used, the above 

set of prefixes should be used with the gram rather than the 
kilogram. 

Approved non-S1 units 

Certain units which are not part of the SI system are 
used so-widely that the Assistant,Secretary of Commerce con- 
siders it impractical to abandon them. The,minute (of'time), 
hour, day, liter, metric ton, and hectare; and the degree, 
minute, and second of angle-are acceptable for continued use 
in the United States with SI units. These. are often consid- 
ered more practical for everyday use. For example, since the 
second is the SI base unit for time, 1 hour would be 3.6 kilo- 
seconds (3,600 seconds). Obviously it is more practical to 
use hour .* 
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The use of 10. other non+1 units is accepted'for;a .' 
limited time in the.3Un.ited,States, subject to future review. 
These inc.lude: the-internationally,used nautical mile ,(1,852 
meters),.the knot (1 nautical%mile per hour), and.the.bar (100 
kilopascals). -Under the SI, system,.,.these would be' replaced:by 
the kilometer, kilometer per &hour, and the kilopascal. -No 
time frames have been established for phas.ing out these un.its. 

'. i 
Interpreting and modifying ,' 
the SI system for US'. i use : 7 

The Assistant Secretary published the:initial interpre- 
tation and modification of the SI system for U.S. use in the 
December 10, 1976, "Federal Register." L/ This,was,,later 
amended slightly in the October 26, 1977, "Federal Register" to 
adhere to recent changes approved by th,e .Gener.al.Confe.rence on 
Weights ahd Measures. -,The National Bureau oaf Standards first 
published guidelines for use of the 'metric-system on June 19, 
1975, before the Metric‘Conversion,Act., at :the.reguest of the 
U.S. Commissioner of.Education. The Education Amendments Act 
of'1974 (see ch. 24) also had specified for U.S. use the SI 
system as interpreted and modified by the Secreta.ry of Com- 
merce. The Secretary delegated the responsibility to NBS. 

The Assistant Secretary has only slightly modified the‘ 
SI system for U.S. use. For example, the hectare is an ap- 
proved.non-SI unit which catVco,ntinue to be used with SI 
units;~ The General Conference on .Weights and Measures .con- 
siders the he-&are to be a .non-SI unit that is approved for a 
limited time‘subject to further review. This is a small 
change because the General Conference estabiished no time 
frame' for phasing out the hect.are. Other modifications were 
to specify use of the "er" spelling of meter and liter rather 
than the international "re" sp'elling and.the capital '?L" ra-' 
ther than the internationally agreed lowercase "1" as the sym- 
bol for liter. / 

These modifications have been controversial. Some would 
prefer that the United States adopt'the SI system in its en- 
tirety, with the internationally agreed spelling and symbols. 

L/The "Federal Register" is a document published daily, Monday 
through Friday, by the General Services Administration. It 
provides a uniform system for making regulations and legal 
notices issued by Federal agencies available to the public. ~ 
These include Presidential proclamations and Executive .or- 
ders, Federal agency documents having general applicability 
and legal effect, dot_uments reguired to be published by act 
of Congress, and other Federal agency,documents of public 
interest. 
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For example, the automobile !industry prefer's the re spelling 
of liter-and-meter.. Others believe that such changes are . 
needed if the system is to be used in the United'States. .: 
For example, -the Assistant Secretary determined that the- er 
spellingsfor meter and liter. would be used because,,it would:. 
be more familiarto most Americans. The ,capital L was spec- 
ified as the symbol for liter because the lowercase 1 on the 
typewriter and in print is little or no different from the 
number "1." This could cause confusion. The script "1," a, 
possible alterna'tive, is not on many typewriters and would's' 
cause difficulties in typeset material, electronic data pro- 
cessing, 'and teleprinting. ..' 

. ', ,: 
Desirability of some SI'units : 

Some disagreements are developing over the desirability 
of certain SI units.. The Pascal,' the SI. unit ,for pr,essur,e, 
appears to be the major ,un-it of,controversy.. Some groups 
prefer other metric units for pressure', such.asthe bar, mil- 
limeters of mercury+ and kilogram force per square centimeter. 

The major objection to the, Pascal is that it is too small' 
of a unit with which to work. I,t takes about 1,000 pascals to 
equal 1 pound per square inch. A bar, for instance, is equal 
to 100,000 pascals or about 14.5 pounds per square inch. 

Another objection is that me,tric units, such as the bar, 
are more internationally accepted \than ,the pascals .because 
many metric countries.use them. The bar and m-illimeter of 
mercury are also used to some extent in thi,s country. In 
addition, some believe that a ch,ange to,pascal will increa.se , 
confusion and the chance for error. The expected confusion 
would result because new units are being used a,nd the Pascal 
is considered too abstract or. difficult to visu,alize. 
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CEIAPTER 3 

THE DEBATE '. - 

Whether the United States should convert to the metric 
system has been debated almost since the Nation's birth. 
The debate has centered basic.ally around~..the'advantages and 
disadvantages. Many of:these arguments are as old as the de- 
bate itself. I: 

The following is a,.brief desc,ription of the generally 
'ascribed advantages and ,disadvantages. ,.We- have not evalu- 
ated these -on an overall basis; however, the,y are -addressed 
in the following sections of this.report as they,,relate to 
the various segments of, our economy,., '. I. 3 

I(.. .: / ! 
ASCRIBED ADVANTAGES '_ 

Proponents of U;S. conversion to the..metric system 
generally support conversion because of the following cited 
advantages. 

,.‘. 

The metric system is'a better --- 
measurement system -. 

I 
,' 

The metric system was developed by scientists; 
a planned, 

It is 
more rational, simple, and coherent system. 

There are only a few basic units--one for length', one for 
weight, etc.-- from which all other units are derived in a 
coherent manner. Prefixes allow expansion, and contraction 
of all units to fit the full measurement range with a base 
number of 10. In addition, metric has a more fundamental re- 
lationship to human anatomy. People have 10 fingers and have 
long learned to count on them. 

Because the metric system is based on 10, it is easier 
to compute numbers. In many cases, a zero is added or a 
decimal point is moved. For example, to calculate the num- 
ber of meters in 187 kilometers, simply multiply by 1,000 
which moves the decimal point three places to the right. 
On the other 'hand, calculating the number of yards in 187 
miles requires the knowledge that 1,760 yards are in a mile; 
1,760 is then multiplied by 187. 

Calculations are made easier because there is no need 
to remember how many inches are in a foot; feet, in a yard; 
cubic inches, in a gallon; or whether an ounce is fluid or 
avoirdupois. The metric system also distinguishes between 
mass (the kilogram) and force (the newton) which has confused 
students for many years under the customary system. 
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As a result, the metric system is:easier todteach, learn, 
and use. It results in fewer errors. Schools ‘would -have more 
time to teach o,ther subj.ects; engineers, architects, and oth- 
ers would save time and make fewer e.rrors. I ., .' 
The United States would join the rest of,cthe --- 
wor.ld in a c%%non measurement'language -- 

Nearly all other countries have adopted or are,adopting 
the metric system. The United States has remained,customary 
primarily because it trades mostly,with Eng>lish-speaking coun- 
tries.' Now, they are converting to the metric'system. 

/: .I,.'. 
If the United States converts, ,its scientists, business- 

men, educator's, and government of;ficials: speaking. a: common, 
measurement 1ariguag.e .could better communicat-e not ,only 'with; 
each other but with their counterparts'.in other countries.- 
As it is now, American'scienti'sts use the.metric system while 
engineers use the customary system. Transfer of data and 
technological advances would,be fac,ilitated. 

' :: _.. 
The United States would, fortify its positionas :‘a lead- 

er by joining the rest of the world in a common measurement 
language. There would be one less hangup in relations with. 
other nations; fewer obstacles would help in setting interna- 
tional standards. Conver-sion to .the metric system.should 9 
help the United States win acceotance of/.its-.ideas.., : .,. : _ 

U.S. military allies.are, either metric or committed to 
metrication. Therefore, if the United States converts, ,mili- 
tary coordination and logistics would betsimplified. -' 

, ,,: ', 
Travelers and other U.S. .citizens who have 'dealings 

abroad are handicapped to the extent that th,ey 'ar'e' unfamiliar ' 
with the commonly accented measur,ement language. Metrication 
would eliminate conversion problems. ',.' : ." 

The United States can better do its part to aid the de- 
velopment-of other nitions if it adopts the ineasurementlan- 
guage that is familiar to almost all of them. The use .of a 
simple and oractical metric system by all nations ti'ould be a 
great contribution to civilized life. If the United States 
does not convert to the metric system, .it will be "an island 
in .a ,metric sea." ..I : 

Conversion would improve or help-maintain the 
U.S. - foreign trade positio: 

The U.S. economy today, as never before, depends-on trad- 
ing raw materials, manufactured products, even technological 
ideas with countries that have changed to the metric system 

i 
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or .have committed themselves to do so., The United, States 
puts ,itsel$ at.a: competitive,disadvantage by'using a measure- 
ment system‘different from .tha-t of, the, world market. U.S. 
exports ,may not be as acceptable if,they are in th.e c:ustomary 
system. Customers would be unfamiliar with the system and 
may be concerned about. replacement parts;, International 

'standards, that -are' i'ncre&sin@ly metric; have.,been. cited as'. 
potential nontariff barriers which couid hamper the export of 
U.S. goodsabroad.;. _ \ 

“ i' 
L The United States is placed a,t :a, .comnetitive disa.dvantage 

with other industrial,natio,nswhich ,are,writing trade agree- 
ments on the basis of metric measurements. The emerging na- 
tions of. A,sia and- ,Af-rica-- r.epresenting, vast ne:w .markets--also 
deal,:primar ily i.n metric u.n'its.; :A U.,S+ .:exchange o-f -its mea- 
surement system .fo.r tha,t of other metric .co,untri.es wou.ld -help 
insure the .s,uccess, of its future: trade rela,tionships; there- 

:fG're, conversio,n‘.becomesadvdntageous., 
,,. .I. ; '. , 

'U.S. companies that 'want,& make metric products for sale 
in the United States or foreign markets may find it advanta- 
geous to build the plant abroad,dnd employ foreign workers 
familiar with the,.metric system. Exporting of jobs to metric 
countries ,is already ,a problem. 

,/ I .,, 
C0nve.rsio.n would- provide ,-opportunities 
for worthwhile changes ) ..I 

. The:processes :in,volved in a changeover, to the metric 
system would provide oppo,r'tunities and po,ssibly the impetus 
needed to,examine how things are done and to Yclean house,." 
Many changes would probably go beyond what is necessa,ry. 
Faced rwit'hithe-,.task,,of doing things differently; creative 
people.would, ta.ke' the opportunity to do,things better. Met- 
rication could.,-stimulate invent-ion and innov.ation.' It is a 
"once in a lifetime opportunity." .' : ,' 

. :  During, adju.stments to the new measurements';many of the 
varieties of.nuts and bolts could be eliminated and the number 
of product sizes'reduced. This would in turn reduce the num- 
ber of dif.ferent, items in inventory. 

An opportuni,ty would exist to improve the technical, 
quality of building codes and other engineering standards. 
Schools would have an added reason to revamp textbooks and 
curricula. . . ., 

Many of these opportunities may be availabie under the 
customary system but are unlikely to be,taken advantage of 
because of-. a reluctance to make changes unless necessary-. 

.' , 

Y 
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These changes could result insignificant cost ,savings and%- 
product improvement.. : :. '- .) 5, 
Conversion would stimulate the .economf ..'.' 

The new economic >activity involved in..a.changeover to 
the metric system would be a stimulus comparable to the .ac- 
tivity which took place several years ago-in the space,pro- 
gram. This w'ould include purchase of metric tools, equipment, 
scales, micrometers; books, conversion charts, and the serv- 
ices required to adjust or adapt scales and other equipment. 

Conversion .is inevitable and:would ...l , 
cost more later ,' 

- . . , _' 
U.S. conversion is inevitable because nearly all other 

countries are metric, and many large U.S. firms are converting 
or .will be converting. The "ripple effect" of their conver- 
sion-will eventually br.ing about metrication of the Nation. 
Thus, the Nation "is. already h,e.ad,ing toward conversion in an 
unorganized way. Conversion will never cost less than it will 
right now., .Postponing the decision to change transfer,s a- 
greater burden:to future.generations of Americans. 

Small businesses and self-employed craftsmen would bene- 
fit from a coordinated conversion program. As it is, they are 
being left behind.by some big f-irms that have the expert 
staffs and international connections to .adapt independently 
to the increasing worldwide demands for metric goods; 

ASCRIBED DISADVANTAGES 'I ,' 
.' "." : *' 

The disadvantages frequently attributed to metric con- 
version general,ly.fall into one o.f the following categories; 

The customary system is a better 
measurement system , 

The U.S. customary system is tailored to meet practical 
everyday needs of human beings. It is firmly established, 
and it is not obsolete or complex. It came into being by . 
natural selection. Although us,e of the.metric system has been 
legal in the United States since 18'66, the customary system 
survives because it me,ets acneed,, For mos-t purposes, the (~ 
inch, foot, qunce, pound, and g,allon are the most'satisfactory 
units. No metric units are comparable, and equivalent metric 
measurements involve more digits and thus are less convenient 
and offer more chances for errors,. 

, 
Customary units are related' to everyday experience. For 

example, a person's foot is about a foot long.. Customary 
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quantities are more undsrstandable. The meter, about,'4 inches 
longer than the yard, is too great a length for.general appli- 
cation, and the qram is too small to be practical. Metric 
names are more difficultto,say and remember.. 1 t -',, .". .j ._ : 

The hum,an mind through the ages has resorted to rbinary 
division. (dividing in halves) as the easiest-form o.f division. 
Next to, h,alves is thirds for simplicity, and ,from the combi- 
nat.ion of theses is'derived the common multiple 12, which .is j 
found in the divi.sion of time and the circle. These,. c.ommon 
and.simple forms of-division and multiplication'are no.t'found 
in the metric system. France, the birthplace of the metric 
system, recognized the logic: and convenience. of,.binary~~'d.~~'i-. 
sion and adopted a modular unit of 1.2 meters,.,a deviation 
from 10, because it is divisible into subunits of 200, 300, , 
400', and 600 millimeters. _( . . .: " .e i j .,_. I : 

-' The metric system is not as simple as, proponents claimi 
It consists of 7 base ,units; 2'.supplementary. units; numerous 
derived units; 16 prefix multiplication 'factors; and many J 
r,ules of application;, selection, combination units, usages 

,of selec,ted quantities, equations, conversion, rounding, accu- 
racy, significant digits, interchangeable parts;'tolerances, 
and terminology. The purported logic of the metric unit names 
is violated by the use of .the kilogram;rather ,than the gram, 
as ,the base unit for mass.. ,The basic objection to metric ' 
units is that they,come, in-the wrong:sizes for ,people: : 

Conversion would be enormously. expensive 

Metric conversion would entail costs for such items as 
tool and die changes; equipment adjustments; retraining; dou- 
ble inventories: metricat'ing of standards and "building codes 
and other such regulatiqns and laws; and ,purchases of metric 
tools, thermometers, scales, and so forth. 

Everybody would have to pay for conversion because indus- 
try would have an excuse for higher prices: labor, an excuse 
for higher wages; and government bureaucracies, an excuse for 
higher appropriations. 

People would have to be retrained, and ,during the re- 
training period, they would be deprived of invaluable 
experience --the,intuitive feel for measurements on which 
craftsmen, mechanics, and engineers depend. The result would 
be a temporary loss of productivity. 

If the United States decides to go metric, it is likely 
to pick the wrong time. No one can guarantee what the econom- 
ic conditions would be throughout the transition period. 

u 
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Conver,sion would cause c'onfusion : : 
I' ,/ ; 

1 The simplest.measu-rement system is the-one that people 
presently know and understand. Changing measurement systems 
would cause confusion. Consumers would not know whether they 
are getting their money's worth for things sold ,by‘length, 
volume, or weight. They may not be able to recognize price 
increase.s. During the transition, the Nation would be,part' 
metric, and part customary. Buyers and sellers could get badly 
out of phase with one another as to the availability and de- 
mand for parts. ,. ,_ / c.' 

.Deaking- with unfamiliar quantities ma,y increase response 
time and. mistakes.' This may result in safetyhazards; j 

Conversion would-hurt the U.S. economy 
!‘- : 

,. .- 

.Pla,nning .and coordinating the conversion of .a large, com- 
plex r industrial eco.nomy, such as thatof the,United ,Statesi,, 
would be e.xtremely difficult. Conve'rsion costs would: inten:. 
sify inflationary pressures in a strong economy and would 
impede.and possibly preclude recovery in a slack economy.,. 

: 
The need to redesign, retool, and retrain in the metric 

system could delay or cancel needed projsects. Large amounts 
of energy may be required to replace or adapt prematurely ob- 
solescent equipment, meters, scales, buildings,. e,tc. Capital 
to finance metrication and dual inventories would compete with 
other needs fo,r scarce capital. Small- and middle-sized busi-, 
nesses c'ould not compete with large international corporations 
for this capital.' 

Some firms have proposed changes in antitrust. laws to 
allow them to get together for the purpose of planning metri- 
cation. Such changes could result in greater economic concen- 
tration of firms with less competition. 

Imports of,metric products would, increase because metric 
products required for U.S. conversion would, have to be obtain- 
ed from other countries. Furthermore, due to the additional 
costs of conversion, U.S. products would be more expensive 
than imported products that are already metric. Foreign coun- 
tries would benefit from broadened markets and new economies 
of scale due to increased production and lower operating 
costs. The United States would also be flooded with customary 
products produced by other countries to meet the continuing 
demand by the public for goods during the.conversion period. 

Conversion could be a contributing factor in the prema- 
ture obsolescence of U.S. manufacturing plants due to the 
need to retool or replace equipment. Multinational firms may 
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locate the new plants in foreign countries to take advantage 
of lower construction costs, lower labor costs, and tax ex- 
emptions. The end result would be then loss of construction 
and.production jobs. 

.:, 
There is no need to convert to 
the metric system 

The United State-s should.not risk its industrial success 
obtained under the customary system by changing to a new sys- 
tem. 'The system of measurement is not a significant factor 
in international trade. The factors which influence exports 
are price, ,quality,- availability, cr.edit, and tec,hnology. 
Other considerations ar.e competition with foreign cartels, 
government-subsidized industries, and U.S. diplomacy and 
treaties. ') : . . ,",. ". 

It is unlikely that any country would.nrohib,it U.S. im- 
ports on the. basis that they are not design,ed and, engineered ' 
in,metric units because of a fear of reciprocal action by the 
United States. T<he U.S. export trade is small compared to its 
gross national product. Much of the exports are not measure- 
ment-sensitive. Foreign considerations do not warrant disrup- 
tion of the whole economy. Worldwide usage of U.S. customary 
standar'ds is still much‘greater than,that of metric standards. 

" 
Several dif,ferent national metric systems are in use in 

the world today. The International System ,of Units is mate- 
rially different from the metric system of -other nations. 
There is much evidence that these nations intend to protect 
their interests and thus are reluctant to adopt SI in its 
entirety, Even if the United States converts to SI as pro- 
posed, still no single worldwide system of measurement would 
exist. ,. 

Many of the advantages of metric conversion are oppor- 
tunities for change. These exist under the customary system. 
Many improvements in our way of life.have been made in the 
past under the customary system6 
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:. , '. ; CHAPTER 4 ..*.,,_,,. .' .( 
IMPACT ON U.S. TRADE UNCERTAIN 

m The extent to which U.S. trade will be affec,ted by-the 
United States becoming predominantly metric or rema'ining pre- 
dominantly customary is uncertain. .,HoweverL at this, time-the 
effects of metrication in-promotingior.deterr.ing trade are 
considered to be relatively insignificant,,and:,the companies 
in the forefront of metrication appear to be gursuing conver- 
sion for reasons other than; a- .pos,s;.ble, favorable., im,pact on 
triade. ,, j : i; :,I ,-, 

‘. ,(,, 
To examine the effects of metrication bn U.S'i tr'ade, we 

sent questionnaires to the Fortune. 500, discussed the impli-J 
cations with officials of selected industries 'and Federal 
agencies, and reviewed applicable literature. This chapter 
summarizes the results of this examination. Additional com- 
ments on the impact of metrication on trade of specific com- 
panies are included throughout this report. 

IMPACT ARGUMENTS : 

Proponents of U.S.. conversion have spoken of the United 
States as being isolated in an incrpasingly metric world. 
They point out that most countries of the world are presently- I 
using the metric system or are converting to its use. They 
note that the continued acceptability of U.S. products is 
necessary if the United States is to maintain its stake in ; 
world trade. As th.e world becomes increasingly metric, they 
state, so do international standards of measurement. While 
standards can be constructive and necessary, they can some- 
times impede international trade, having the effect of pro- ; 
tecting against import competition. Consequently, proponents 
of metrication have argued, U.S. products are or will be dis- 
criminated against because they are produced to customary 

~ 

rather than metric standards. In short, if the United States 
is to maintain a favorable balance in international trade, 

r 

metrication is necessary. This was the conclusion of the 1971 
National Bureau qf Standards metric study report. i 

NBS surveyed exporters and importers of measurement- ; 
sensitive goods and estimated that, had the United States gone 
metric by 1970, exports of measurement-sensitive products in 
1975 would have increased by $600 million while imports of 
such products would have remained about the same. Another 
estimate of the United States losing as much as $25 billion 
annually on the world market due to its not being on the met- 

sric system has appeared in various pieces of literature on 
metrication. ($25 billion is about 22 percent of the $115 
billion total U.S. exports in 1976.) ‘_ 
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Opponents of metrication, or at *least,those'opposed to 
the Government ,,encouraging: or mandati.ng, ~metrXcati,on., are ,like- . 
wise concerned .,with its' effects on' internationals tr;ad'e. FR@p- 
resentatives (of organized' labor believe; .met,r.ic.a:tion would.>put 
the United States at a distinct trade disadvantage.. They,ar- 
gue that generally goods flow from low cost to high priced 
areas. (' -Th-u~s,~;-c-~nv~-r-sian- would- be.:anr.~add;iti'onal~ 'burden four 
U.S. g.oods, since 'the costs oft 'conver'sion' wou1.d' have to :.beT 
.added to U,.S.; produced.,good"s.i Onthe other hand,,.fore.ign / ‘ 
countries whio.h. are ‘already, metric wouldnot incur, this .cost 
and.would ,also benefit from broadened marke:ts :.and,new econo-,, 
mies- of 'scale due to. ,iincr'ease'd production and, lower .operating 
costs. Also, foreign-made metric ..‘tools., instruments, and : .: 
equipment urgently needed by U.S. industry would flood the 
country. The' end; result wouldr be! a.mass' .influx 'of-.foreign 
goods to U..S. marke.ts-; resulting: in theloss :o:,f #hundreds ,of.,,. 
thousands: of 'U.S..' job-s..-.: :: , 1 ,i', ". , -':.,. 1. ,!' m:;n:z: I':,, - .' '.: 

..: : ! ; ,y ; i, : T y, . / . . 'I,, 
The. increa'se;tin ,domestic productioncosts due to::metri' 

cation will, according to organized labor repre-sentatives, 'I\ 
contribute to the premature obsolescence of many plants. 
They,also maintain that. given lower foreign construction 
costs, exemption, from- fair la.bor,,standar~ds,,minimum-kage r'eg- 
ulations,. unemployment,compensation/ hea1t.h and, safety r.egu-: 
lations, env,ironmental standards, etc .,..and lucrative: tax 

,loopholes which make.,it 'more -profitable f;or multinationals 
to re.l.ocate' and .produ,c.e abroad;'- it;is. ver.y probable. that 
many ..U:S .': -companies :will ,re,loca,te: -in for.eig,n .countries ;. ‘ 
Thus:, they say, hundreds of thou.sand:s of:sAmerican:,.j,obs :will-, 
be lost, and,consequently*, metrica:tionwill- contribute to 
the "acceleration.of the deindustrialization of the United 
States. 'I , y 1j ~ ': : ^, , > : ., 

.' '. .-. : 
The .argu&nt p'ut -forth 1by representatives of organized . 

la.bor is based largely on. the ,as,sump,tion that the .costs of ,'. 
conversion will be. substantial-; or at least substantial enough 
to make f.or,eign goods :relatively, cheaper and/or cause plants 
to clo.se, down. However, the costs-.of' me.trication f,or the: .' 
United, Sta.te.s -have not been determined~, and it appears .that .a 
valid, estimate will be difficult to-obtain. Few companies 
have determined the.cost of converting and tho,s.e,that have ;.. 
consider the information to be proprietary. One. comp,any., how- 
ever, told us tha,t the actual costs of.conversion were consid- 
erably less than originally anticipated.. Of the large.busi-\ 
nesses responding to our questionnaire' (see ch. 5), 6i percent 

'believed that-%conver,sion would be costly.., In considering the 
long-term effect of conversion on prices, however, only 25 
percent saw any increase in the price of their products. Of 
these, only 2 percent believed there would be a major in- 
crease. 
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S.imilarly;.the estimates of,exports.lost are;-equally 
nebulous and-th-eir extreme range --the .$600.-millionestimate -'. 
of NBS to -the. .$1-O'- :to $25billion estimates 1app:earing:in var- 
ious publicatioris --,-further add. to the uncertain effects of 
me.trication. . ,L '. :, .,:: ,' :: ,. : ' 

While, the 197lNBS study was *based on substantial analy- 
tical.data, the $600-million increase in exports projected 
in that study resulted.from weigh-ing estimates of questionable 
reliability-; ..A Commerce Department official nloted that little 
reliab-ility 'has :been:,attac,hed to t.he- $600-million estimate;". 
.He also: be,l.ieved that. to. undertake‘la similar study at present 
would be an .ex.ercise in futility:. ., : t. j '. :. .I . I, ;. i' 

It:..should ,be.,noted "that 'our c.review :of 'the: NBS study 
~:, 

showed that imports) would have. incre.ase.d. *by-about $10.0: mil'-'.I 
lion, thus,partially offsetting the $600 milli.onZr'eported'. ..: 
increase in exports. * While this figure is probably‘no better 
than -the .'$60,0., mill~ion; ..i.t 'further po.ints out-:-th:e uncertainty 
of the -ef.fects.o,f metrication:', : " . :, '1 1 L. 

" I__, 1 i .:' ', ~ -.' , ,- ":. 
Accord,ing.,to an officialwith the Office .of the Special 

Representative for ,Trade,Negotiations,, conversion to the-met- 
rics:system would facilitate ‘trade by pr.0vidin.g. a, common mea:- 
surement Iranguag,e, -- b,ut measurement has n0t.been.a major fac.tor 
affe-cting trad-e..~ It? has .been overshadowed 'by :many' otherfac- 
tors, su'ch 'a-,8 ,price,, ,reliabi'lity, a-nd reputation. ,Future I 
metric. requirements ,.and stand~ards of "foreign. countries- may 
have-an- impact :on .the'.marketability of U.S:. prod-ucts. Whether 
they will or not depends o:n'what the other countries doi .- 

"! "_; .1 
One American National Metric Council official'stated 

that the impact of metrication on international trade consti- 
tu.ted a ..very "nebulous area,!' and ,o,ffici‘al,s 'oo:fb, the U.S., Metric 
Association have said that nobody'knows ;how, metrication will 
affect trade; We would .agree,with Lthose- conclusions. It is 
difficult,. if not impossible, to ,validly calculate the effects 
of metrication on US. balance of trade when many other fac- 
tors appear .to ,determine the flow of,goods. Nonetheless, 
given the many allusions to the impact of metrication on 
trade, it isimportant to put the various arguments in..their 
proper perspective; 

\ : 
TRADE AND THE U.S. ECONOMY 

The significance of the trade issue can be placed in some 
perspective by noting the following statistics for 1976. 

. . 
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/ : 'Expoq.s I 

as percent 
Gross of gross 

national national 
product Exports Imports .: product 

. 
------------(in billions)----------- 

United States 1,692 115 129 7‘ 

European Economic 
Community 1 ,47:5 399 440 'L. 27 

.'-. 
Japan 549 67 65 12 .: 

,, ,. 
'J' .-,f71 i 3-g ,: 

,. 
Canada 23; * 

:.; .,.I ,.,' 39' ., ,_I; i ._,. 
Source: $' International Economic Peport of:-fhe President', Janu- 

ary 1977. 

Thus, while trade cannot be considered to,be an insigni- 
ficant factor in the economy, the U.S. economy as,, a whole is 
much less dependent on-trade than other major industrial, 
nations. 

The measurement factor in U.S.' trade j 

It appears that no dramatic increase in measurement- 
sensitive exports would occur as a result of metrication. 
Perhaps the most valid conclusion of the 1971 NBS study on 
trade was that the measurement factor is relatively insigni- 
ficant in promoting (or deterring) either exports or imports. 
That conclusion was based on a survey of exporters and import- 
ers of measurement-sensitive goods. U.S. exporter's of such 
goods indicated reputation and reliability, superior techno- 
logy I and high quality of products as the three most important 
factors promoting sales abroad; while noncompetitive prices, 
strong local and third country competition, and high tariff 
duties and shipping costs were indicated as important deter- 
ring factors. U.S. importers regarded competitive prices as 
the most important factor promoting imports, while important 
deterring f.actors included no technological advantage, no 
quality advantage, and high prices. 

Our survey of business (ch. 5) showed that the Fortune 
500 companies had essentially the same opinion. Although 
about 60 percent of the respondents believed that conversion 
to the metric system would facilitate trade through a common 
measurement language, the respondents did not, as shown in the 
following chart, expect a significant change in exports or 
imports as a result of conversion. 
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ODinions on Chanaes In Exoortdlmoo~ As A Result Of Metric- For u 0 t ne 50 
i\ 

‘PERCENT 

‘. 

: 

INCREASE ~ i :“‘. ‘*’ 

L As. the following table shows/competitive prices, high 
qual'ity'i' superior technology, and a ,go'o'd 'reputatLon:'and reli- 
abili'ty were deemed to be of major significance in p'r'qmoting 
exports by a majority of the companies while the design and/or 
manufacture of products in either ,customary or metric unite 
and/or engineering standards were considered to be 'of major' 
significance by relatively few of the companies. 1 .: 

,' 
r 

,.. 

j 
'. 

', ,. 
.'/ ., 1 

> 
' 
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Fortune ,500 
Factors .Promoting .Exports 

s Factor 
Significance No basis 

Ma-j or_ Moderate Minor to judge 

Competitive prices .77 

High quality 75 

Goo‘d reputation 
and reliability 

Superior tech- 
nology 

Good product main- 
tenance and 
servicing 

Growing foreign 
market 

75 

56 

47 

42 

Vigorous comp,any 
export promotion 31 

Design/manufacture 
of products in 
metric units and/ 
or engineering 
standards 6 

Design/manufacture 
of products in 
customary units 
and/or engineering 
standards 4 

13 3 

15 3 

14 3 

: ,20 12 

21 16 b 

30 14 

* 27 25 

18 48 28 

12 56 28 

7 

7 

8 

12, 

16 

17 

Noncompetitive price,s and strong local and/or third 
country competition- were considered of major significance in 
deterring exports. Again, as the following cha-rt shows, 
few of the companies considered the design and/or manufacture 
of products in customary or metric units and/or engineering 
standards to be of major significance in deterring exports. 

, 
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Fortune: ,500 
:Factors .Deterzring .Exporrts I - 

. . . \ 
I 

: : . Significance No basis 
Factor .Ma]or Moderate Minor ._ to judge 

.' ---------------(percent)-------------------- 

Noncompetitive prices 68 14 .7 : 11 

Strong local and/or 
third country 
competition 61 19 lo',,., . . . ,, 1-o..; 

High tariffs 

<High shipping costs 

No technological 
advantage 

No quality Advantage 

Nontariff barriers 
other than measure- 
ment standards 25 25 24 '26 

:. 
Design/manufacture of 

products in metric 
units and/or engi- 

:.,_. ,'. 

neering standards 4 11 ,:56 29, i c 
Design/manufacture of 

products in custo- 
mary units and/or 
engineering standards 3 l 12 58 27 

" 
:  ; f  

51 '23 12 14 
'., ,i- 

__ 44 .~28 16 .[ ::: 12 

Other countri,es' metric laws, regulations, 
and pract,ices 

In the years since 1971, a practice has grown among the 
countries with which'the United -States. has ma'jor trade,rela- 
tions to require imported products to be packaged, labeled, 
and documented inmetric ,units. The Office of International 
Finance and Investment within the Department of Commerce has 
prepared a handbook for U.S. exporters which describes metri,c 
laws, regulations,. and practices of various countries. Of 
special interest are those dealing with Canada, the European 
Economic Community, and Japan, the major trading partners of 
the United States. 



Current Canadian regulations require that declarations 
of net contents of all packaged consumer ,goo,ds be‘stated in' 
metric units and any other declarations be voluntary. In 
general, Canadian metrication-planners seek .to~:maximize~ the 
shift to appr:.oved metric packaging sizes; but at the- present 
time, the use-of metrically dimensioned packages is mandatory 
only for certain products.. ') : : ; ., . . < 

.. 
The European Economic Community issued a directive in 

October 1971 which established.the International System'of 
Units as the basic:system of .we,ights and measures forl.all 
memberstates. Under the present schedule, :afte'r April 1978,' 
all.produ:,cts destined ~to.Community:matkets~mustbe described 
both on labels' and shipping 'documents~ in SI.metric units or 
acceptable, alternatives as specified.in the directive... The, 
directive does not prohibit dual labeling in both metric and 
nonmetric units; however, 
gulated under nationa. 

the use of dual labels may be re- ' 
laws; ,, r L, y 5 : 1 ,.1' '.. ." ; (A: -.L..> ,,(, -,. ', 

A 1974 directive on packaged liquid foodstuffs estab- 
lished metric container sizes and tolerances for certain pye-r 
packaged liquids. Another directive established full toler- 
ances and marking regulations in metrics for various products, 
including foodstuffs, cosmetics, detergents, @olishes, ferti- 
lizers, herbicides;' and paint. Member states,.however, will 
be allowed to acceptimports in other container sides for its 
internal domestic ,,use,only. Additional directives now under 
consideration on foodstuffs and common consumer products are 
designed to prescribe the use of specified metrically sized 
containers for some products, upon implementation. Directives 
now in effect on measuring instruments specify the sole use 
of SI units for the,calibration of certain instruments. 

I I ', 
,,A ,Commerce Dep,artme.nt official..~iri:f.o'~,~ed .us th.at at pres- 

ent there is little evidence as to,,how the various'E,,uropean ', 
Economic 'Community countries will implement the d'irectives and 
that enforcement may vary from country to country and from 
product to product. Thus, in considering Community requirements 
and their impact on trade, three things should be considered: 
the specific product, the country involved, and the importers' 
requirements which will reflect commercial practices as well 
as country and local laws and ordinances. 

., 
Japan, which officially adopted the metric system in 1951 

and completed its changeover in 1966, requires the exclusive 
use of metric units in the measurement and descript.ion o'f 
domestic products traded within the country. Japa‘n does -not 
require, however, that'imports be packaged, labeled; or- o-ther- 
wise denominated in metric units. Nonetheless, to 'be eligible 
for retail sale in Japan, canned, processed, and bottled food- 
stuffs must be labeled solely in metric units. At the present 
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I 
time, regula,tions do not require ,that measuring,instruments 
be ca,librated solely in metric units. .I .i 

,a,.,'_ ',,.. ._: 
In,concl.usion:,, the only standards mentionediabove which 

requ.i-re packaging in rounded (hard) metric, units.are .those. 
Canadian standards for certain products. Otherwise, impor-t 
regulations require only'that packaging, labeling: and dot-, 2 

umentation include metric units. 
,,' ,, '* , 

Ou.r;.su,rvey of large businesses showed that' the, majority 
3 

of those responding believe;d, :thatthe import regul'ations. of 
$ 8 

Canada,. the ,European Economic Communi'ty,~ and Japan, .rel.at,ing 
to, ,measurement standards,:' ha.d little significant impact on .'-': 
the expor.t a.f: their products: The ,fqllowing-chart-shows .the 
busi,nesses.' views of the impac,to:f.these regulations.; 

. . * I :,i . * i : ,' 
,>,*. (' .I ',.I ._, .,' ' , i. 

Fortune 506 Opinions on impact 0; ‘Foreign Countries ImPoft Rbsulations On Exporti ! 
; 
z 

‘,il. 
I 

CA,,,,&, :’ e f 

PREVENT-ION ,OF. 
EXPORl$ , ,EXPOR,-iS IMPACT / JUDGE . 

i 
_’ 

Overall, the measurement .&stem is neither considered to 
promote nor deter foreign trade; nor is it considered to be a 
major factor for locating a plant overseas. 

For 80 percent of the companies , ,the measurement factor 
is o,f no significance in influencing the decision to locate 
a plant overseas. 
of the companies, 

It was of minor significance to 10 percent 
and only 4 companies, or 1 percent, felt 

that it was of m.od,erate signific.a,nce. None viewed it as be- 
ing of- major signif-icance; 9 percent had no basis to judge. , 
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:T” An ~overall~~~summary of 'the-, Fortune 5OO.!~s.~posturer by each“ 
indu,str:y, on ,select: metric act,-ivities$, inc.lud,ing-, foreign, trade, 
is contained. ,inr app.endix IX of, chapter 5, *k : ,-.,:i. : =: ..;:1 

,.. . L;.: ,- ._ .' ,, -i :. : '. ./ I./, '., 
Role of the multinational corporation in 

,‘ ., ,.~, i: .. ' i 

metrication--the farm and industrial:, 3 
:eguipment: sector A" 
,, . _ I ,, ',> I .i-. ? ,.“,P j : .,j _, : 'j 

1 Th.e farm ahd.‘ industrial? eouipmen,t sector"has been, gener,? 
ally recognized astaking. a prominent,position,in convert&g 
to the-, metric system.:. Anofficia-l,a.of one,compa.ny has advanced 
several characteristics:of this ,ind.ustry which>perhaps'have 
piwed: it ?a.t the'forefrontr o:f+the,: movement toward me-tricati,on.' 
Fir.st:,,, the ind.ustry is~.he.avi,~,~..~i,nvol-ved ins !internat,io:naP corn+ 
merce.. '... Many ,ofg .th'e. industry! s fcirms have manufa%c.tur-ing .fa'c:i-: 
lities abroad, in countries where international standards are 
being developed, and these standards'are metric standards. 

Second, the industry is a highly integrated.one; that is, 
within the industry a large proportion of the manufactured 
components are produced. Consequently, internal change to in- 
dustry products can be incorporated with less involvement of 
other industries. 

Third, industry products use many components of somewhat 
arbitrary and unique shape and dimension, allowing the freedom 
to use metric dimensions in all areas except those of critical 

'interface with components‘dimensioned in inches. Several 
other characteristics of the industry are also menti0ne.d by 
this official in explaining the sector's activity in moving 
toward the metric system, and these include the heavy involve- 
ment of the industry's firms in the development of standards 
through technical societies. 

As in other industry sectors, the distinction has been 
made between the two major types of conversion, hard and soft. 
Major firms within the industry vary as to whether they are 
approaching metrication from primarily "soft conversion" or 
"hard conversion." 

As stated previously, the large producers of farm and 
industrial eguipment are heavily engaged in international 
trade, and often they have manufacturing and marketing oper- 
ations throughout the world. Significantly; however, none of 
the major firms we contacted believed that metrication would 
make much difference as far as exports are concerned. Our sur- 
vey of large businesses elicited essentially the same opinion 
from some 40 farm and industrial firms that responded. Al- 
though 27 of the respondents believed that conversion to the 
metric system would facilitate trade, the respondents did not 
expect a significant change in exports. 
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Twenty-five respondents.bel/eved that their exports would not 
change :as a resul-t of metrication, 13 saw a sl'ight increase, 
and the remaining 2 were equally d,ivided in their opinions 
between a significant increase and a significant decrease. 

,: < 
As did the Fortune 500 in qeneral,, the farm 'and in&s-'. 

trial equipment companies responding to our survey considered 
other factors as being more significant than measurement units 
in promoting or deterring exports. 'As.the following charts 
show, only a small percentage considered the measurement 
units as being of major significance. A greater percentage 
of the farm;and industri.al equipment compan'ies considered, 
measurement to be of moderate sfgnificance than did the:ForL 
tune 500 in general. Their views on:the factors‘promoting 
and deterring exports are shown on-the ,following tables. ^ :.: 

'. ,,,. ; b 
:, : 

: t 
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Farm and Industrial Equipment Compan,ies 
' Factors Promoting ,Exports 

Factor- 
Significance' No basis 

Major- Mode,rate ,Minor 'to judge 
---------------(percent)------------------- 

Competitive prices 

High quality 

Good reputation and 
reliability 

Superior technology 

Good product main- 
tenance and 
servicing 

Growing foreign 
market 

Vigorous company export 
promotion 

Design/manufacture 
of products in 
metric units and/ 
or engineering 
standards 

Design/manufacture 
of products in 
customary units 
and/or engineering 
standards 

. 

77 

79 

85 

71 

79 

23 

18 

15 

26 

21 

38 51 

,, 

8 .3 

32 45 18 5 

8 33 38 21 

8 21 55 16 
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Farm,and IndustrialEquipment Companies 
,Factors :Deterring .Exports 

'.. ,. ., .,.:.: : Siqnificance No basis 
r Factor. Major" Moderate Minor to judge 

---------------(percent)-------------- 

Noncompetitive prices 63 29 3 '5 

Strong local and/or : ,,":. 
third country 
competition 62 22 ,,:. 13, ' . 3, ,' 1 'i _.. 

High tariffs 54 35 8 3 
.:j. i.s' .s, \', i :: , .(, : 

High shipping costs 38 43 16 3 (. q ( 
No technological , *; /.. 

advantage 39 ': 19 28 .:. 1;. 

No quality advantage 33 28 2 8 '. :: ': ; i,. .11: 

Nontariff barriers 
other than measure- ,,') ' 
ment standards 25 "39 22 4 14 

Design/manufacture of :: ,. _.. I \ 
products in metric : 
units and/or engi- " 
neering standards 3 22 ,54 . 22. y /. ;. 

Design/manufacture of 
products in custo- ,.. I. 
mary units and/or 1 
engineering stand- 
ards 5 14 62 : .1g- 
1 

According to one major producer, measurement is of no 
consequence in its product sales; and no increase in the com- 
pany's exports is foreseen due to metrication. The major 
reason-for that company going metric is that it is easier to * operate in one measurement system than in two. The company 
is confident that it can go metric without having any bearing 
on its customers. 

A high official in the overseas division of another major 
producer noted that metrication would not have much effect on 
exports. It may make the exchange of goods more convenient, 
especially after worldwide standards come into use, but 
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"foreigner, = will continue to buy the company's pro- 
ducts for the same reason, namely that they were 
reliable, or that the price was right." L 

Another official, the metric coordinator of that same 
company, believed that measuring the impact of metrication 
on international trade was guesswork. 

CONCLUSIONS 

Companies in the forefront of metrication appear to be 
pursuing conversion for reasons other than a possible favor- 
able impact on trade. 

The frequently cited dollar losses in exports,due to the 
United States not being on the metric system are often.based 
on assumptions and estimates with questionable validity or 
reliability. 

The effect of metrication in promoting or deterring trade 
would appear to be relatively insignificant. Reliability, 
technology, quality, prices, and tariffs were factors cited 
as being much more important i.n promoting or deterring exports 
than the measurement factor. As far as we can ascertain at 
this time, the extent to which U.S. trade will be affected, 
either in the short or long term, by a U.S. decision to become 
predominantly metric or remain predominantly customary, cannot 
be determined. 
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CHAPTER 5 
'I .: 

SURVEY OF BUSINESSES' OPINIONS ON METRICATION ,,' . . ';'- I,. ., _ . I.. ,".. : 
To gain some insight into the opinions of business on 

the,impact and extent of metric conversion, we mailed ques- 
tionnaires (See apps. I and II), which we pretested, to 1,900 
businesses in the United States. One followup..let.ter and 'a 
mailgram'were sent to encourage greater re,sponse. .. ', 

The 1,900 businesses comprised three groups as follows: 
: I ,_ 

Group . -Description 

I--500 large corporations Corporations listed by 
'^. Fortun,e l@gazifi+-‘Ijh&’ 

Fortune "50'0.. 
-_. . " .;...; 1: : 

'II--400 businesses Businesse's'selected . 
'. randomly from a member- 

" "bAf& l.'ist--ng.'.pro'vided by 

the, National Small'B'tsi- 
ness.*Association.' " I_ ',,;, .,:: .. 

,III--1,000 businesses .'Firms tak,en from a,.listing 
.; '/ of, small businesses pur- .~ ", chased from Dependable 

Lists, Inc., a commercial 
firm6 

About 83 percent of the 500 large firms responded while 
84 percent and 72 percent responded from the sample of 400 and 
I;-000 small businesses;'respectively,. (See apps; 
V for a discussion of samples and response rates.) 

III through 
I : 

In the small business area we also contacted a number of 
smal'l business associations and the Small Business Administra- 
tion to obtain their views on the impact of metrication on 
small business. 

THE FORTUNE 500 

The 
/ 

It 
Fortune. 500 list is compiled by Fortune magazine. 

is comprised of the 500 largest industrials that derive 
more than 50 percent 0.f their revenues from manufa,cturing 
and/or mining. The list excludes privately held companies 
that do not publish financial statements. 
"largest" 

Th,e criteria for 
', is determined by a company's annual sales. 

shown 
The list is further broken down by industry code as 

in appendix III, For a selected number of these 
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classifications, a more thorough analysis was undertaken; 
these are discussed more.'fully in their respective chapters. 

.' .T 
Position on metric conversion 

Most Fortune 500 companies are aware that the national' 
policy is presently one of Federal coordi:nating and planning 
of voluntary conversion. However, 53 companies thought the 
national policy was to have a mandatory conversion to the 
metric system. : )' ,.,.,'.'.., :_i : ,'.' 

-.i 3,: ,,., ,, : :, . . 
,-, . '.,. 2, 

Most of the companies (76 percent) support U,:-E&::~converL' 
sion to the metric system. However, 
ing graph, 

as .-shown by~th'e~~follow-. 
the majority of those who suppb,rf;conv;elsion:: sup-: 

port it so&what. 
.,'. 

: '., * js.;:j '; '1 .i.y ,,$ ,. _' ,.., I:/i:)_ -,:, ;' 
< : :,,: 

PERCENT 
9or 

Support/Qppose Metrication 

80 

70 

80 

50 

40 

STdC 
SUPI 

;UPqORT 

ILY SOMEWHAT. ‘UNDECIDED 
,SUPPORT : 

STRONGLY, NO BASIS 
Tr :OPPOSE, TO.JU,PGE 

I.’ :  

3 

, 
The largestcompanies in each industry u.sually support 

conversion. 'Most of the companies- (86 percent) believe that 
,conversion is inevitable; less than 9 percent feel that it 

is. n0.t. The,majority of companies in all industries;viewed 
metrication as being inevitable,for their respective indus- 
tries. 
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! 
1 

Q4 
I 

I 

., 
PERCENT ,. 

I 

:. 

3 

: 

DEFINITELY UNDECIDED DEFINITELY 
YES YES NO NO - 

B 
E 
c 

: 

If the perceptions of the Fortune 500 companies are car- 1 
,rect, metrication will at some time take place--be inevitable. i 
Additional work was done in three selected industries--petro- 
leum, aerospace, and food-- to determine why they believed : 
metrication was inevitable. (See chs. 14, 15, and 27 respec- 
tively.) '-, 

,! , : : 
\ There is a strong relationship bettieen a'companyls I 

feeling that conversion is inevitable and:-its'.e;upp~rt',for co,n- I 
version. Of the.174 companies that stated .conversion is de-fi- c 

E 
nitely inevitable for their business, 96 perc'ent su&ort con- r 
version f'o'r t-he. United,"'States,; the~remainderiere either 
undecided or had no basis to judge. On the other hand, the' 
majority of those who believe conversion is definitely not 
inevitable oppose it. 

Even though the majority of companies view metrication 
as inevitable~ for their industry and"are supportive'of.'U.S. 
conversion,,only 10 percent responding view themselves as 
leaders. Instead, most companies '(55 percent) either view 
themselves as meeting the demands of'customers 'or as following 
the lead of others (26 'percent). I. 

i 
Eight percent of the companies either believed they were 

unaffected by metrication or had some other view of themselves. 
Only 1 percent of.the companies are attempting to block or 
postpone metrication. These companies are not concentrated in 

I any one industry. 
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The motor vehicles and industrial ahd farm equipment 
industries are two industries in which the majority of larger 
companies (the top. 20 percent) consider themselves leaders in 
metrication4 Collectively, the Fortune 500 companies, in 
their estimation, are not "leaders". in metrication; rather, 
only a small portion are taking the lead. 

Most companies see little or no change in the prices,of 
their products as shown in the following chart. Some did 
feel that conversion would cause an increase in their prices. 
Very few felt that there would be any decrease., . . . 

I .' 

PERCENT 

Impact Of Metrication: On Prices 
J 

70r 

MAJOR SOME LITTLE OR SOME MAJOR NO BASIS 
DECREASE DECREASE .NO CHANGE INCREASE INCREASE TO;IUDGE 

Status of metrication in business -w-s----------- -----------w 

About half of the companies are involved to some degree 
in the following conversion activities. About half have no 
plans. The.following table shows the status, for each of the 
polled activities. 

, 
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Status of Metricati0.n; +. _.. . ." 
Status (note a).;' --A.--- ,'., No p.lans Pl:ans In pro-;:. Cbm- 

'Activity .: for' for gress pleted 

--------------(percent)------------ dh 

A' 

Coordination with : 
industry 30 17 42 4 

Metric coordinator 
or committee 35 7 '14 42 

Metric policy 
statement 42 14 : 

i. 47 '...I' ,$4 , 
9 29 

Employee training 23 
Coordination with 2;.. 1 

Government 49 
Cost analysis 5 0 

,, ,.,1;5 20 1 
: ., ..'.I, 15 17 

Supplier surveys 53 
Consumer information 

:, ,I..,. . ii3 
11 -,:,' 

17 9 

Customer surveys 
54 0' ,. ,;:..,.,~1 16 2. 
59 " 4: ',I: '. i :.:; ,.>,r r ~9 12 9 

Timetable for ,':y '. 
conversion 

., > '3) 
61 . . 1 L3 12 6 

Funds budgeted for 
‘". ,? '- /' j 

conversion activity _, 66 L..‘, 
_ $;,0 9 4 

,, .'. I' ': 
a/Will not add to 100 percent because a ,number of respondents 

indic,a,ted the activity';d.id not a'pply or they had no basis 
to judge. 

:::.. ,,. ,,. :. ; _:_ .,,, ". '. : ._, ..i/ :*.:. .- 
Companies involved beyond:the- planning stage in any of 

the above activities are usually supportive of conversion and 
feel that it is definitely inevitab~le. Companies that are 
less supportive or less sure that conversion is inevitable 
usually have no plans for conversion activities. 

Advantages and disadvantages - 
'_, 

companies responded that this-question did not-apply. 

For products manufactured abroad, 33 percent use metric 
units only in their engineering drawings, 19 percent use 
customary units only, and 16 percent use dual dimensions. 
Twenty-eight percent of the companies responded that this did 
not apply. 

The companies were asked the extent to which metrics were 
used in engineering d'rawings. Most companies -(75 percent) use 
the customary units for products manufactured in‘the United 
States. Eleven percent use dual dimensions on their drawings, 
and 2 percent use separate customary and metric drawings. 
Only 2 percent use metric-only drawings. Ten percent of the 

., 
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The companies were.asked -Whether they thoughtthat each 
of a number of often cited advantages of conversion,was an 
ad.vantage for their..business. The following table shows the 
respondents' views. y., 1 ,I.. 

Frequently.,Attributed Adv-antages (note a) 
f 

-Does not :No basis 
Advantage Agree Disagree ,apply to judge 

:, ..,.( 
--,--------~--- (percent )~--~~~~-~~~--i;~ 

.,‘~i , .i 5.‘. ‘, 

Conversion will provide I '_ 
an spportunity to I., 
standardize products 61 18 .: ,' 16 ,5 " 

Trade, will be facili- ./' " 
tated through a .,. 
common measurement '. 
language 59 19 ,, 10 " 12 1: 

The metric system is 
easier to use and 
would result in 
fewer errors 55 28 4 13 I 

Conversion will provide v : 
an opportunity for 
improving product '> ;; 
standards 36 43 1 1 '. ::I 0 

Conve.rsion will increase ., 
or protect the present 
amount of exports and 
work overseas 27 32 23 18 

Use of the metric system 
will increase produc- 
tion' e'fficiencies c.r 20 54 11 15 

Use of the metric system . . 
will facilitate tech- 

* nological advances 13 57F ',L 14 16 
Conve.rsion.will stimu- 

6-6 ~ 12 late your industr.y'. 7 16 

a/May not add to 100 percent because of rounding. 

A summary of how each advantage was perceived by each 
industry is contained in appendix VII. 

The companies were also asked whether they thought that 
each of a number of often cited disadvantages of conversion 
was a disadvantage for their business. The following table 
shows their views. 
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Frequently Attributed Disadvantages (note a) ., .' ', 
., ', : Does not No-basis.- 

Disadvantages Agree Disagree apply .t-0 ,judge 

s--------------lpercent~ ------------- 

Conversion will result 
in dual inventories 68 -23 . 4 5 

Conversion will be . 
costly ** ~ " 67 2.6 2 5 

Training employees 
will be time con- ',; k 
suming 65 '31 I' 2 :J 

Product standards will 'A 
have to be changed 60 27 “. .6 --) i ~:7 '.a 

Customers will be con- I /.. 
fused by the metric 
system 52 ; 36 4 :' ,. :' 

Conversion will in- 
:;;i; 

, 
crease the prices 
of products 31 50 1 4, 15. 

Conversion of products -, 
will require retest- 25 57 I 9 9 
ing _ " 

Conversion will result ,) . 
in 'safety hazards 
and errors 13 68 .' 5 ,' .' 14 

Sales will be lost to 
foreign imports 6 76 7 ,12. 

, 
a/May'not add to 100 percent because of ro,unding. Ia' 

. : 
A summary of how each disadvantage was perceived by each 

industry is contained in appendix VII.1,. 

Many of the Fortune 500 companies evidently believe: that 
someone other than themselves will benefit from conversion. 
Only 37 percent felt that conversion would be an, advantage to 
their businesses: however, 66 percent felt that it would be 
advantageous for the Nation overall. 

s 
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Weighing Of Advantages/Disadvantages, 1’. ” ! 

~IGNI FICANTLY BUs!WS$ U#ITEd*iiATES’ 
13% 

‘/ 

‘q&q 
:_I ” 

A.iiV,&‘tT.$GES OUTWEIGH ,Dl$ADVANThGES ,i 

m DlS/iDViNTAGES&J+VEIGiADVANTA.GES i 

: ‘, :. 
i: i. : 

The Fortune 5()o’c&panies” support for conversion is Only 
partially based on their perception of the advantays Of con- 
version. As the following chart shows, more companies sup- 
ported conversion than believed its advantages outweighed. the 
disadvantages for their businesses or the country* 

76 
I- SUPPORT 1 

DISADVANTAGES 

PERCENT 

More Support Conversion Than See Advantages 

: 

I 
‘- ‘- 

ADVANTAGES ADVANTAGES 
GREATER GREATER 

THAN THAN 
DISADVANTAGES DISADVANTAGES 

FOR THEIR BUSINESS FOR THE COUNTRY FOR ,-HE COUNTRY I 
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When asked if:,:.large and, small.firms,,would gain or lose 
from metric conversion, 
had no basis to judge. 

43 percent of 'the companies felt they 
Of those that,did make-a judgmentti'a 

slight majority,.f.elt that both large and small':.firms.,,would. 
gain. : Howeaer,.of"those that felt that someone would lose, 
more' felt that small firms would lose.?. (_ ', ., , .,“' ', 

.hl Large Of &nall’Business Gain Or Lo&&im CG&-sion? ,. - 
PERCENT 

6or ,; .: . . . . :’ ‘, 

.‘. ) . , ;  . ,  . ,  ’ 

:  . )  _: 

. :  .’ ,j * ; , .  ‘: : : “ : . ,  . . ;  , , , . ,  . I_\  
I ;  ,> ,$,\  I  . . : ,  .“.‘.‘ 

, /  n + . , -  .  .  
\  . I .  “‘-. , ; .  i ._. Ix; 

30 

20 

. ..--- : 

O 
SMALL G 
LARGE lie-- :. -nuC”WlN JUUUE’ 

.-: 1 :) I” 

1 ,’ ;  
I  

: : ,  

The companies were asked to give the,ir opinions on .flie ' 
impact of metric'conversion'on'd;‘S. exports and imports.' 
These views are presented in chapter 4. 

The role of'Government , 
\ I  

Forty-one percent of the Fortune 500 companies felt that 
no laws or regulations currently inhibit conversion to the 
metric system. The most oftencited laws or regulations are 
listed in the table below. 

_...., Inhibiting Laws and Regulations 

Law or regulation Percent 

State and local laws 
Building codes 
Other Federal laws 
Federal antitrust laws 
Federal or State procure- 

ment regulations 
Other 

” ; 

. 
17 

. 15 
14 
12" 

10 
7 * 

.I 



If-metric conversion occurs, the ro-le of the Federal 
Government"as viewed by,the:companies would gene'r~al.l~y be to 
provide assistance in,coordina'ting a'ctivities;,counseling and 
advising interested parties; and/or establishing target'dates, 

Role of the Fed'eral Government 
/ 

Role Percent 

Coordinate activities ,. 53 
Counsel and,advise interested parties 52 
Establish target.dates 46 
Plan the overall.conversion 20 
Make conversion mandatory 14: 
Legislate the conversion process 9. 
Other 8 
Enforce the conversion process I',, 5 
None of the above 6 ..-, 

Even though most companies feel that the Federal Govern' 
ment should not make metric ,conversion mandatory, they do 
feel that it should encourage conversion, by purchasing,items 
designed or described in metric terms. There was some,strong 
disagreement with this opinion as shown below; however,, those 
who support conversion generally agree.' . . : . : ,: .,. . .ji 

Conversion Should Be Ericouraged Through Federai Procurement 
PERCENT 

70 

20 DISAGREE- ’ ‘I 

0 
STRONG.LY AGREE.. 

‘AGREE ‘SOM.~~AT’ 
UNDEdlDED . DiSAGk.EE’ I.,, STRO_NGLY 

SOMEWhiT .‘ DISAGREE 
,. 

Time frame for conversion 

The -following chart shows the respondents'.views on the 
shortest (if mandatory) time frame and the optimum time frame 
in which they could convert. 
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10 
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PERCENT 
w- 

50 - 

40. - 

Fifty percent of the companies.felt that a 5- to lo-year 
conversion period would be the.shortest time frame in which 
-they could c.onve.rt if-conversion were mandatory. .Nearly 32 
percent felt that le.ss than 5 yearswould be sufficient.. 
Combined then, 82 percent felt that a time frame not in excess 
of 10 years would be adequate. 

Time Frame For Conversion 

I- 

‘- -  

21-25 26-50 OVER 50 NEVER 
YEARS 

,’ , .  , ,  
._ 

When asked what the optimum time frame would be, the 
5- to lo-year time frame was again the most popular (47 per- 
cent). Nearly 15 percent felt they needed less than 5 years. 
The two periods combined--within lb years --would allow for 62 
percent of the companies to convert in an optimum time frame. 
Approximately the same percentage can convert in an optimum 
period of 15 years or less (83 percent),as can convert in a 
mandatory period of 10 years or less (82,,.pe,rcent). 

If the United States should convert.to-,the metric system 
on a planned basis,, someone would have,to,establish the date 
by which, each industry would convert. .The Fortunes 500 com- 
panies,,,were evenly..split between having“the'U.S.'Metric Board 
(in consultation'with industry) and the industry-,.-associations 
establish the conversion dates. The next most popul.ar option 
was to have individual firms establish the dates. The least 
popular was to have the Congress do it. 



PE$CENT * ’ 

r 

Who Should Establish Conversion Dates? 

D 

. ; '. 
SNALL BUSINESS 

In addition to the. Fortune 500, we also surveyed 1,400 
small businesses se,lected from the membership listing of“a 
small business association and a: listing of'small businesses 
from a commercial f,irm. 'i 

Responses were received from firms classifying themselves- 
as manufacturers; retailers; wholesalers; services; profes- 
sionals; miners; and in the areas of agriculture, transporta- 
tion, construction, and finance. Responses (about S'percent) 
were also received from businesses that did not consider them- 
selves in any of these classifications.' 

The .largest number of' the.firms fell in the $1-million 
to $5-million gross sales range and had between .5 and 24 
employees. (See app. IV for detail on respond.ents.) 

The businesses responding to our questionnaire may or 
may not be representative of the kinds and sizes of small 
businesses throughout the United States. .In fact, we ques- 
tion the existence of a universally accepted definition of 
small ,business. Hence, we did not attempt to project the 
results of our survey to all small businesses. What follows 
are the results of a polling of 1,000 small businesses and 
400 members of a small business association. 
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Position on metric conversion :: 

National policy 

Few of the respondents knew the U.S. policy on metric 
conversion. As the following chart shows,, almost half.of the 
respondents believed conversion to be mandatory. .I. , :,, 

=erstandina Of Met1 
400 SAMPLE 

,  

‘<; .  .  

-ric Policy j -I .’ . 

CONVERSION 2% 

I PdN’T KNOW 
22% \ 

I MANDATORY 
irORY IN 10 YRS 25% / 

KNEW U.S. POLICY 

:  i 

Sup'port or opposition 
', 

'Small businesses responding were divided in their‘ support 
or 0,pposftion to metric conversion; However, most of.those 
who oppo.sed conversion strongly opposed it while most of'those 
who supported it,, supported i't only somewhat. A considerable 
number indicated they were undecided on the question. 



Support/Oppose Mertication 
400 SAMPLE 1000 SAMPLE 

SUPPOR 

‘bPPdSE 

T 

The responses to the sample of 1,000 businesses indicated 
that a considerable number of respondents were ,undecided on 
their support or opposition to' conversion.,or that';they,,ha,d: no 
basis. t,o- judg,e.-,. Qf those who took a posit.io,n, respondents ,in 
retail, agriculture, and finance opposed conversio,n by about:: 
a 2 to 1 ratio. Wholesalers were‘almost evenly divided,'"while 
manufacturers tended to support conversion. Those in ser- 
vices, transportation, and construction tended to oppose it. 

Inevitability 

A maj.ority of the respondents believed that metric con- 
version is inevitable or probably inevitable for their busi- 
nesses. 

5-14 
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EFINITELY NO 
7% 

INEVITABLE 

1000 SAMPLE 

” 



- 

Financial assistance : l:..',,, 

Considerable speculation exists.over whether small 
business will need assistance,to finance conversion to the 
metric system. ,. i.., 

'. ̂  

Responded’ Views On Need..For_Firgnxia!LAssistae. 

400 SAMPLE 
DEFINITELY\ “, 

’ PROBABLY NO 1 -i-. 

. -1OOOSAMPLE _ 
DEFINITELY. - 

‘,, 

DEFlNliELY 
A NO21% \ 

M NEiD’ASSISTANCi 

NOTE: MAY NOT TOTAL TO 100 PERCENT BECAUSE OF ROUNDING 

Status of metrication 

Although a majority of the respondents believe conversion 
is inevitable or probably inevitable for the.ir businesses, the 
following charts show they have taken little positive action 
for the activities cited. 
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Status Of Metric,ation ; ” 

id0 $AMPLE ’ 
IN METRICSIZES 

IOOqSiMiLE ,- :_I 

NbPLANS FOR 69% 

COMPLETED 2% 
IN PROCESS 11% 

CONVERT OR OBTAIN EQUIPMENT 
IN METRIC SIZES., ,__ ::. 

NO PLANS FOR 74% 

DOEi NOT Af’PLY 18% 
,-:,. 

COMPLETED 1% 

Advantages and disadvantages 

The businesses were asked whether they agreed or dis- 
agreed that each of a nuniber of often cited advantages of 
conversion was an advantage for their businesses. 
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'Respondent-s Opinionson Often 
. Cited Advantages, (note a) 

Does not MO basis 
.Advantages-,... .Agree Disagree apply' to judge 

(Sample) ,_ __ 400 1,000 400. l',o.oo 400 l,.OOO :e 1,000 -- - 
----------------(percent)----------------- 

The metric system 
is easier to use 

% and..would result 
in fewer errors 34 28 

Conversion will 
increase or pro- " 
tect the amount 
of exports and/ 
or work o'verseas 27: 22 

Conversion will 
provide an op- 

.portunity to 
standardize pro- 
ducts 41 39 

Use of the metric 
system will in- 
crease produc- 
tion effi:ciencies 10 10 

Conversion will 
stimulate bus- 
iness 11 8 

Use of. the .:metric : 
system will fa- 
cilitate techno- 
log'ical advances 17: 14 

31 27 14 13 .14 21 
,. 

1 ,-. 
.' 

56 41: 10 14 ,2'4- ,'3 4 

56 49 11 13 '2,2' 31 
-_ 

.' 

46 3'7 11' 11 .27 ,38 

a/May not total to 100 percent because of rounding. ..' ._ ..' 

The businesses were also- asked whether they agreed,or 
disagreed that each of a number of cited disadvantages of- 
conversion was a disadvantage for their businesses. 

. : 
. ,( : :: 

'. 

. . 
.3 ' : 
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j Respondents Opinions on Often 
Cited Disadvantages- Cnote a) 

:. 
Disadvantages 

Does not No basis 
Agree 'Disagree apply to G,judqe 

i 
(Sample) 400 1,000 400~1,0~00 400 1,000 400 1,000 1 

-----------------(percent)--------------- 

Conversion wili 
be costly 73 

Training employ- 
ees will be time 
consuming 79 

Conversion will 
result in dual 
inventories 56 

Customers will be 
confused by the 
metric system 67 

Conversion will 
increase the 
price of your 
business pro- 
ducts and/or 
services 52 

Conversion will 
result in safe- 
ty hazards.and 
errors 25 

Sales will be 
lost to foreign 

'imports ,,6 
Codes and stand- 

ards will have ', 
to be changed 81 

I 

64 13 9 .2' '. 9. \ ,$12 17 

" 69 i4 ,12 2;;;. g -,5. 10 
~ ., 

52 21 18 12 16 '1-l 14 

68 18 10 3 9 12 13 

40 24- 24 .5 .:.l'l'-, 19 25 

I' 

25 45 34 7 -1.4 ,.22 27 
.' 

7 50 41 21 22 .23 30 

,  

69 6 7 4 8 9 16 

a/May 'not. total to IO0 percent because of rounding. 

The respondents were asked to weigh the overall advan- 
tages and disadvantages of conversion for their businesses 
and also for the country. They expressed a generally negative 
opinion on the advantages of conversion for their businesses, 
but expressed a more positive opinion on the advantages of 
conversion for the country. Evidently, they believed.someone 
other than themselves would benefit. The respondents' views 
are shown on the following charts. 

. . 
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SLIGHTLY 6% 

.I 
. . ‘(. /, 

.b 

NOTE: MA,)‘NOT TDrAL t0 100 PERCENTBECAUSE OF ROUNDING ,.f, ,,” -’ _ 
;L. 1.’ 
::: .i 

I, ‘. 
FOR THE COUNTRY :: ‘. 

i.: 
‘. :, 

DISADVANfAGkS OUTWEIGH ADVANTAGES 

ADVANTAGES OOTWEIGH DISADVANTAGES 

S-20 
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The largest pe'rcen.tage.of respondents indicated that 
they had no basis'to judge whether small or large business 
would gain or lose from metric conversion. As the following 
chart shows, however,,a substantial number of the respondents 
perceived that large business would gain while small business 
would lose.' 

PERCE iNT ,: Will Large Or Small Business Gain Or Lose From Conversion? 

OTH GAIN BOTH LOSE SMALL LOSE NO BASIS 
LARGE.LOSE LARGE GAIN TO JUDGE 

i I 

Role of Government' 

,Generally, the respondents believed the Federal Govern- 
ment's,role inmetrication should be ,that of',counseling, ad- 
vising, planning, and establishing target'dates for conve'r- 
sign: l?ew believed the Government should 1egisLate or enforce 
conversion;' -' ', ., ,. : ..:“, .,', 

The businesses were asked what'laws or regulat,ions current- 
ly make it di.fficult for them to convert to the metric system. 
The vast ma.jority of the respondents either did not'know or 
did not believe any laws or regulations would.make conversion 
difficult. Those who did cite some laws or regulations most 
frequently identified building codes, State and local laws, 
and Federal laws. 

More of the respondents disagreed, than agreed that the 
Government should encourage metric conversion by purchasing 
items designed or described in metric terms. 

5-21 



Conversion,Should. Be; Encouraged Through 
Federal Procurement 

400 SAMPLE 1000 SAMPLE 

AGREE 

DISAGREE 

/ 
UNDECIDED 

23% 

NOTE: Milk,NDT TObii TO 100 PH+ENT 
’ B&AUSE OF.RO;VNDING’ 

Time frame for conversion 

As the following charts show, about 90 percent of the 
respondents believed the-y could convert within 15 years under 
a shortest time frame concept. If conversion were not manda- 
tory and made in the optimum tim,.e frame rather than the short-- 
est time frame, the percentage that could convert within the,, 
15-year period\would decrease to 77 percent. Also, in the 
nonmandatory optimum,time frame'situation, the number of re- 
spondents indicating they'would never convert increased. 

, 
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Shortest And Odtimum Time F,rame For Conversion 

PERCENT 
“s 

2 
400 SAMPLE 

‘;: 

SHORTE$T TIME 

Ol?TlM~M ;TiME 

UNDER 5 5-10 11-15 16-26 21-25 26-56 OVER 60 NEVER 

PERCENT 
100 

90 

‘. 

IOOOSAMPLE 
. . ’ ” 

OPTIMUM TIME 
70 

6d 
* LESS THAN 1 PER CENT 

tNDER 5 5-10 11-15 16-26 21-26 26-66 OVER 56 NEVER 
YEARS 
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The respondents believed industry ,and industry 
associations should play 'a ro1.e' in est'ablishing conve.rsion 
dates. The following table shows their views oniwho.should 
establish the date,s:. i .' 

Who Should Establish Conversion Dates 
. 

Sample of. ~ 
400 l,.OOO .' 

---(p&r,cent)--- ” 
. . 

The‘Congress " <g:, '- ."16 
; 

U.S.. MetricBoard in, 
consultation with I ' .? 
the industry 37 " 33 .r 

Industry associations 28 21 
: 

Individual. firms 18, 11 

Other 1 2 

No basis to judge ,' 7 17 ',, 

Views of small business associations 

Discussions with several associations indicated that the 
question of,metrication was not a pressing issue with the ,as- 
socktions or their membership. '~ 

An off-icial of'the Na.tional. Federation of Indepe.ndent 
Businesses noted that small'business is not a unified.commun- 
ity but ra,ther a community'of'var'ied segments.; therefore, the 
reactions of .one segment toward~metrication might beyquite 
different from the views of another. However, he said that 
small business has generally given little thought to metrica- 
t'ion. Small businesses basically reflect the' views of their 
customers. In.-this regard ,he noted that for the small manu- 
facturer which ,is the supplier for a. large corporation, metri- 
cation might not be a matter of choice. If that large cor- 
poration converts to metrics, metrication may be a necessity 
for the small manufacturer. 

The association would oppose any Federal law or regula- 
tion that would require ,Government procurement to be, in metric 
specifications because small business could be seriously-af- 
fected. The association would favor the availability of Fed- 
eral loans for metrication activity. 
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The official noted further that only. a small.proportion 
of the small businesses are,involved in fore.ign;trade; con? 
sequently, they may have difficulty in.relating to the ar,guF, 
ment that conversion by the United States wou,ld assist its : 
trade position. 

., 
An official of the National"'Small'Business Association 

also believed that small business, and for that matter, all 
business had little awareness of what is going on in metri- 
cation. In his opinion the inroads metrication has made in 
business are in the large corporations. He did believe, 
however, that small business would benefit from conversion 
to the metric system through simplifying computationsin the' 
manufacturing process and through standardization. He also 
favored some form of Federal loans to small .business to,'help, 
them cope with conversion. z 

Views of'.the Small Business Administration 
: , . 

,I . . . . / 
An official of the Small Business Administration also 

believed.small business has little awareness of metrication: 
He believed that small business does not have the time or, the 
resources to plan for metric conversion, particularly when : 
conversion is not immediate. As metrication increases in the 
United States, he believes small business will,,through neces- 
sity, become more concerned and will need financial and mana- 
gerial assistance to acccomplish the conversion. 

Currently, the Small Business Administration has no spe- 
cial programs to provide assistanceato small businessr-either 
financial or managerial --for metric conversion. However.,. the 
Small Business Administration official said, small businesses 
can obtain financial assistance for metric conversion under 
existing Small Business pr,ograms if,.,:they are otherwise quali- 
fied. He‘did not know .whether any firms have applied .for, such 
assistance. Thus far, technical assistance has been limited 
to the preparation- and distribution of a booklet on metric 
conversion. 

The Small Business Administration is: also attempting to 
develop an automated listing of small businesses. and-their 
capabilities, including any metric capability. 

. 
CONCLUSIONS 

Most of the small business respondents did not know the 
U.S. policy on metric conversion; most large business respond- 
ents did know. Over 40 gercent of the small businesses and 
13 percent of the large businesses believed incorrectly that 
conversion is mandatory. 
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The largest percentage of the respondents, both'large 
and small, saw little or no price changes in their products 
as a result of,metric conversion. A considerable number did 
see some price increase; 'however. 

Most of the respondents believed that the Federal role 
in conversion should be that of coordinator, planner,, and 
counselor, rather than enforcer. The large business respond- 
ents believed the Government should encourage conversion 
through purchase of metric goods. Of the small business re- 
spondents expressing an opinion, most olfiposed this.'position.~ 

Most of the respondents believed $hey.could 'convert to 
the metric system within 10 years; a considerable.number in- 
dicated they could convert in less than,,5 years. An ove,rall 
time frame of 15 years would allow about 80 percent of the ., 
firms we questioned to convert within an optional period of, 
time. Most redspondents also believeddthat the industry should 
be involved in.establishing target dates 'for conversion. J 

' , 
More of the small business respondents believed they 

would not need assistance to finance metric conversion than 
believed they would. However, a considerable number did not 
know. 

Few respondents indicated ,little conversion activity 
beyond 'planning and'coordinating. 

The large business respondents generally suppo,rted con- 
version to the metric system while the small bus'iness respond- 
ents were divided in their support or opposition; both be- 
lieved conversion to be inevitable. 

In both cases, more of the respondents supported conver- 
sion than perceived the advantages as outweighing the disad- 
vantages of conversion for their business. The large business , ! 
respondents were divided over the relative advantages and 
disadvantages of conversion, and more of the small business 
respondents believed conversion to be disadvantageous than 
advantageous. However, when considering the relative advan- 
tages and disadvantages of conversion for the United States 
overall, both groups shifted to a more positive opinion of ' 
the advantages. A majority of the large business respondents 
now believed the advantages to be greater than the disadvan- 
tages, and more of the small business respondents believed ! 
conversion would be advantageous than disadvantageous. 

Thus, it seems that the respondents believed that someone 
other than themselves would gain the advantages of metrication. 
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APPENDIX I APPENDIX I 

.I 
U.S. G- ACCOtlNTCNG OFFICE 

sales for your;.aqmpang:: We. 8re ,interested in your 
oompsny’s vi&s whether or not your company 1s. 

i ,I. 
aotive in the ara8 Of’mstriO ObIWs3?Sidn. : 

We have made the following assum&ions so I 
that all rsspondsnts’*iill h8ve a oommon basis for ! I 
answering: ..’ II L 

-Coxiversion mAtic phyiioal oh&es, not just A. m8tiOld POliOi B 

substituting metrio measursment units for 
&~&ah or oust- nmeeurement units 
(i.e., inoh, pound, quart, etc.). 1. What is your oompauy’s underst8nding of the 

g 

--Conversion~do~,e not apply to itsms alrs8dy 
~national polioy concerning converting to the L 
metric system? (Pleeee check one.) 

(6) 
e 

produoedorinproduotion. 
-I@ng tha ,oonversi.on,, metric sup&es and 

5 
F 

semioes till be, reedily 8V8i18bleB ‘. 
1 / No Stiitsd nation8l policy 

2 /1 Mandetory oonveraion within 
1 
I 

10 years 

I 

There is spaoe at the end of the quastion- 
mire for ,any comments you msy wish to make 
oonoerning theee assumptions, the qwetiontmim, 
or sny other related topics. 

.3 / Federal ooordinating and 
planning of voluntary bonversion 

SCRVNY OF I&GE COTIsXU!CIOIR3 

INs!cRuCfIOh~: 
.- 

Please ausyer eaoh of the follqww questions 
as.frankly and oompletely sa’pdssible for the pro- 
duet line representing the greatest volume of . 

L 

The qwstionnaireis numbered only to psamit 
w.to delete your company’s nsme from our list 
when we receive your oompleted qwstionnaira end 
thus avoid sending you en unneoesssrg followup 
request. 

Throughout the questionnsire there are numbers 
printed within parsntheees to assit our keypunchers 
in oodfng responses for computer analysis. Please 
disregard these numbers. 

2. 

lIEGO= INFORKA!l!ION: 

NANE: 

TITLE: 

TELNFJNONE: c j 
(Are8 code) (Number) 

5-27 

4 / bkUIdat.Oq gradual OOnVerSiOn 
(I.e., more than 10 ye-) _ 

5 / .No conversion 

7 B Other (Please speoify) 

Does your oomp8ny support or oppose the United 
State8 converting to the metric system? 
(Pleese oheok one:) 

1 D strongly aupport 
(7) 

2 / Somewhat support 

3 /1 Undecided ” 

,d+ / .Somewhat oppose 

6 / No basic to judge 
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,. ., 
3. Dow your oom&.'belidoe tit oon&%ion b;' ' 

the metrio eyetem in inevitable for your 
induatzy? (Please 0Keok one.) .' ,I", 

_. 
1 / I&~tel&r& ', 

$3) 

3/‘/: lhcieoided 

4 i7 prob~ly,,,~ 

5/ Befinitebno 
: , 

: I ,' ,.;: " I. , 
'5" '.' " -. . j_ , . 1.. :, ,._ 

4. Whibh of the following Iawe'dr ti&atiti,' /" 
if any,'ouqrently inhibit oonvereiori‘b$ yo;r 
oompeny to the met+0 ~~3y&~m?-~~(Ple,ase o$epk' 
all that apply:) : '_ ; 

._, .' . ,,.j ,' ' 
1 ,e, Federd e&itroet laws I' .::: (3) Y.. ?, 

2 /-7-'Other Federal lawe‘,' ,.... '+a 

3 f-J St&e' end lohal 18, 1 I,. 
.:.; ,,- 

p) 

4/ iElyildi,co&e -1 ,: (i2) 

5 D Federal. or State pro; 'X I,, 
oxcement regulationa 

.(13). 
". .'I 

6 D Other (Plea& specify) : _ (14) 3 ..,_ 

7 / None (!S) 
.1 

* a /‘/. lk+ais to,,~klgy : :. " (16) 

( 

5. If met5ic'.conversion occ.ure, which of the 
foilowing tiles, if any, should the .Federa3 
Gove&me+ asqme? (Please oheok all that 
aml,Y :I ', ; ; 

1 /1 Plan the overall convereion ~ (17) 
.,. :' 

2 /1.,&Coordinate activ+ties. .' ('!2 :;. 
3 /: Establish target datee 

6 /1 Make conversion mandatory~~ :1,' (22) ^ , )/ 
7 / dorck the conversion process 

'. .p, 

8 / Other (Please specify) (24) 
\ 

9 /-7 None of the above 
/ 

G-5) 

IO/ Nobaaietojudge (h-27) 
. 

APPENDXX 'I. 

6. Do you agree or dirragree that the Fe’deral 
Government~ahould:eno~ oomvereion to the 
metrio my&am by.purohaning iteme deri@md,or 
deeoribed in metrio telme? (PlbB(le oheok one.) 

, 
1 /~Strongly.egree. ,,. ., (28) ’ 

25 Agreeeomewhef. ':. 
3 /, &&oi&; 

4 / Diragree somewhat 
5 a~ stronsb &a&;,- :.. \ 

‘,r. ~ . , . ‘C. _, 

B. Statue of Metrication 
. 

7. Which of the foll&ng beet oharaoterizee the 
we;y your oom+r$viewa G&f withreepeot to 
iuetrioation? "(PleeBe check one.) -u. '. .'>.. ',,, 8' 

\ 1 / Aa a leader in metric&ion, (29) 
i.e., influenoing'the deoieioqe 
of othere to go metric _ ,... ,, ,+:. 

2 / ~Follcwing the lead of:othera 
in going metric 

'. 
3 / Meeting the demande of'cuetgm&s 

, S; /-7 Unaffected by metri&ion " 

6 / Other (Please specify) 
/ ;. .' 

.' .i _ 

8. what is the current status of e&ok the 
following metrio oonvereion aativities in 
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C. Wade En~licatione of MeArioatlon ., ,. '"L j 9. For pro~uote'msanafaofuredi~ the Unifed i;. .,-: 
Sfatee, how ere'y~~~compemy~e &#eering 

'skn@ePpily written up? (Pleeee~ 
. . 

_’ I .  

13. How eignifioant are eaohI of th: follo&g:,. 
factors in promoting your exporte? (Pl+ee 
oheckoneboxforeeohrow.) , , - ,_ , 

q/-7 tiouEtomaryunite‘ 
(41) 

2 / In dual dime&bone (with.or .' 
without oonvereion tablee) 

.' (, 

3 / In metric lmite 

(51) 
H 
(54). 

6.5) 
(56) 
(57) 

4 / Separete draw-in@ incuetC+Kv 
end ih metric, unite 

FAC!lDRS :1 234, ,., 
a. Comuetitive Dricee .,. . 
b. Eiuhaualit~ 

5 / Doea not apply 
:, ;,,, ,, t 

10. For.producte~d&ctuY.d &$A, how;& 
your company'0 engdneering drswinge primarily 
w&tten up? (Pleeae check one.) 

'i 
1 f-J In customary~dts~ 

(42) 
". i 

2 / In duel dimensions (with or 
without oonvereion tables) ~' 

. .) 

(60) 

5 / Does not apply ,- ,!.,I . . ’ -1 
) .  \  

14. How ei@ficent are each of the fc$lo,wing 
factors in cleterrfng~our ex$rt& (Pleaee 
check one box f>r each row.) , 

! .  :  

11. For productidn in yoirr wereeaa plants, &t 
measurement modifications, if,eny,'are made 
to proallots menufactuzed in your U.S. pl&lta? 
(Please oheck all that apply.) 

-J . . 
' 1 /11 Modifications in,.design (43) I,. ,i 

2 / Modifications in paokeging '(44) ! 
+/or labeling 

3.Q NCI modifications 

' 4 /, Does not apply 
'.. 

a. .&otiomxtitive Dricee 
b. StFng locel end/or 

thi~ii~~untry coal- 
De 

c. No bueJ.ity adventeue 
cl. No technological ,. 

(46) ‘I: (62) 
(63) 
(64) 
(65) 
(66) 

(67) 

12. For produ~te man$act~d in your lJ?S. plants 
for domestic sale, what measurement modifi- 
cations; if eny, are required to sell those 
~p~C;s abroad? (Pleaee cheyk all that 

. 

aaventem 
e. Hi&I BhiDDiW COete 
f. Hi& tariffs 
g. Nontariff barriers 

other than me&e-' ,. 

(‘33) 
1 / Modifications in deei@ (47) 

2 /-7 Modif~catione in pack@.r& 
end/or labeling 

(4:) 

_I (69) 3 D No modifioatione ', " i (49) 

4 / Does not apply “(SO) 
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15. Would you qp6ot any change in your company's 
ex@orti as a i-eauiti of conversion? (Please 
dheok'one;) ,,_ ', 

(71) . ~ 

1 / Yignificar.C :.nc.r[:"~~>c 

2 / Sliefit increase 

3 0 No oh-, 
.I, I. 

I, ,z 

4 / Slight decrease 

5 / Signifioent'deoreasi 

‘_ :  :  

16. would you expect any change in imports into the 
United States by your overseas competitors a8 a 
result of conversion.. (Please checkone.) 

,. ,;-.,. : , 
1 /-7 Significant increase 

(72) 

,.,' 
2 /-7 Slight increase 

3/ fio /change 
i .. 

4 D Slight decrease 

5 /1 Significant decrease 
,,_ 

: 

17.. Do snyof the following countries' import 
regulations related tb meesurement standards 
have any impact on the e.xportation of YOU?! 

products? (Please check one bqx for each row.) 
- 

a. / Canada I I I ( (73) 
b. Eurouean &OnOmiC -'. 1 I-. \ 

10. If your company converts to the metric system, 
would you expect any chsnge in the importation 
of fasteners and/or other compcnents for your 
company's products? (Please check one.) 

(‘7;’ ) 
1 D Significant increase 

2 /-7 Slight increase 
I 

3 n No change 
4 D Slight decrease 

5 a Signifioant decrease 

19. Sow signir'iqnt is the measureme:nt factor 
., in inflbncing the decision of your conip~ 

, 

.to locate 
one.) 

a plant overseas? (Ple6se‘cneck 

1 a. Of major'ai&ificsnce 
‘(78) 

2 /-/ Of moderate eii@ficsnce 

3 / Of minor significance 

4 n Of no 5Qnificance 

5 /_/ No basis to judge 
.;. \ -. 

. ,,. 
:,, 

., .' 

: . . ., 

D. Potential Imuaot of ConversiOn 1 
.' I. 

20. Listed below are several ADvANTAGES frequently 
attributed to conversion to the metric system. 
Please indicate whether your pompsny wolild 
agree or'disagee that.each1wduld be a :, 
.significant advantage for YOUR COMPANY. .' 
(Please check one box -forsach row.) 

a. The metric system is 
easier to use and would 
result in fewer errors ._. (6) 

b. Conversion willincrease 
or protect the present 
amount of exports and (7) 

work overseas. 
2. Conversion will provLde 

an oppcrtunity to Stan-, ,, (8) 
dardize products. 

ii. Trade will be facili+ated 
through a common neasure- I (9) 
ment language I 

e. Use of the metric system 
will increase production 
efficiencies. 

1 1 (IO) 

f. Use of the metric ;?ystem 
will facilitate techno- (11) 
logical advances. 

g. Conversion will provide 
an opportunity for improv- (17.1 
ing product stsndards. _-- 

11. Conversion will stimulate 
your indust7r.f. : I 

(13) 

h 
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21. ,&late4 L$ow are~eeverel DISADVANTA!XS fre- 
'quently attributed to conv?reion'to' the metrio 
eyet& Pleaee Indicate whether your oompany 
would me or disageethateaohwouldbe a 
significant diaadvantw for YOUR COMPANY. 
(Please check one box fdr e&h row.) 

FReQDESl!LY 

a. Conversion wil,l be costly. 
b. Training employeee will 

be time consuming. 
c. Conversion will reeult 

in dual inventdriee. 

(14) 

(15) 

(16) 
d. Cuetomere will be confused 

by the metric eustem. 
e. Conversion will increase 

the pricea of yqur. 

(17) 

(1.6) 
oOmDany’8 Drdduote;' -... 1 1 '1 1 

f. Conversion will reeult I I I I 
(19) 

(20) 

(21) , 

(22) 

22. For your company, would the advantage& of 
conversion to the metric q yetem outiei& the 
disadventages or vice versa? (Please check 
one.) 

(23j 
1 q Advantage8 ai&ifioently _ 

outweia dieadvantages 

2 / ,Advantagee sli@Iy 
,outwei& disadvantages 

3 / Advantages would besabout 
the eeme aa disadvantagee 

5 / Disadvantages significantly 
outweiefi advantages 

6 /7 No baaie to judge 

APPENDIX I 

4/ Disadvantagea eli.&tly i outweigh aav.shgeill ;., :., 
5' / Dieadviuithgee .rignifioantly 

outweigh advantage4 , 

6 / No ba& to jud& ., , \. 
.: 

24. With reepeot to emallandl.%r@ filme, WfiO 
would gain or loee from metrio cwereion? 
(Please oheok one.) 

1 / Snallfilme wouldgain and 
cz3 

lar&$ firme would 1060 

i ~"&.$I emall and large firms 
would <g&in 

4 ff small fizme would lone and 
large firma would gsin 

S'Q No baaia to judge I 

. 

25. In the long &;.how would.metrio conversion 
" influence the price6 of your oompeny's " 

produota?:. (Pleaee check one.) 
/ 

,Tf &jor&o,&e (26) ,. 

2 / Some deoreaae 

3 / Little or no ohenge 

4 e Some inoreaae 

5 / Major increase 

6 / No basis to judge 



_ - 
I 

APPENDIX I: APPENDIX I 

2g. Ifyouhtn WMitional Ocmd8 on-of tha 
mm8 within th8 gwrtiomuia or rd*tad 
toplor not oovamd, plrvr fool fma to uP=.U 
you viewa ia tha mp800 below or l ttaoh 
additional data. mu& mu vary munb for 7our 
ooop8rayn in owpleting thir g\urfionnrLa. 

E. Sohedulre - Time Frwer 
for Metdo Comerdon 

26. If the United Stater 001tV0rtr to the mOtti0 
my&am, approrimstelyvhatwould be the 
ahorteat time frame for your oaauw to 
convert? (Plreao oheok one.) 

1 // Leeethu.5 year8 
(27) 

, 

25 s-1ayeal-e 

3/ 11 - 15 yeace 

45 16-2oyescs 

s/-7 21-29*&m3 

26 - 50 yeemi 
- .- - - 

6f=? ‘%.,. 

7. 
0 / Never 

/I ilcre than 50 Year8 

. ,  

:  

:  

I  

27. If oonvereion is not made mandatd~, what 
would be the optimum amount of time your 
compeny would need to convert? (memo 
check one.) 

(28) 
1 ff Lees then 5 yeem 

2/ 5-lOyears 

3 n 11 - 1s yeara 

4c7 16- 2Oyeam 

5 / 21 - 25 years 

6 /1 26.- 50 years 

, 7 / More,then 50 years 

0 ff Never 

20. If the United State; oonverte to the metric 
eyatem, who should establish the date(e) by 
which your industry would convert? (Please 
check one.) 

, 
1 /-7 ~onpm 

(29) 

2 / U.S. Metric Board 
(in ooneultation with induetry) 

b 

3 /1 Induetry aeeooiatione 

4 n Individual firm 

5 /-7 Other (Please specify) 

6 /-7 No ba4.L to jud@ 
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U. S.::GENERAL ACCOUNTING OFFICE 
METRIC TASK FORCE 

SURVEY OF SMALL RUSIPSSS / i 

, 

INSTRUCTIONS: 

Please answer each of the following questicns 
as. frankly. and -completely as possi-ble for the 
product line representing the greatest volume of 
sales for your company. We arg interested in ‘your 
company’s views whether or not you are active in 
the area of metric conversion.’ 

We have made the following assump- 
tions so that all, respondents will have 
a common basis for answering: ! 

--Conversion means physical j 
changes, not just substituting 
metric measurement units for 
customary or English measure- 

j 

ment units (i.e.. inch, pound, 
/ 

quart, etc.) I 
I 

--Conversion does not apply to 
items already produced or in 
production. 

j 

I 

--During the conversion, pur- 
chased parts will be available 
in metric sizes. 1 

There is space at the end of the questionnaire 
for any comments you may’ wish to make concerning 
these assumptions, the questionnaire, or any other 
related topics. 

The questionnaire is numbered only to permit 
us to delete your company’s name from our list 
when we receive your completed questionnaire and 
thus avoid sending you an unnecessary follow np 
request. 

Throughout this questionnaire, thers are 
numbers printed within parentheses to assist our 
keypunchers in coding, responses for computer 
analysis. Please disregard these numbers. 

RESPONDENT INFORMATICJN: 

NAME: .-.-,,-_.-__..- -_, 

TITLE: .-., ._.___-____ 

TELEPHONE : ( ! 
(Area Code! (Number) -* 

I. . What is your type of business? (Please check 
one” If you engage in more than one type of 
Giness, answer for the: one which’ currently 
provides the greatest gross income.) 

‘i 

1. /T Manufacturing (including 
(b-7) 

dairy processor, printer, 
pvblisher, etc.), 

2. LT Retail (Please specify kind) - 

- 
3. ;-- / Wholesale (Please specify kind) 

r - -  

-- 
4, / / Serv%ce (auto repair, beauty 

salon, motel, hotel, etc.) 

5. I--- / Professional service (doctor, 
lawyer, e tc;) 

6. /7 Mining 

7, D Agriculture (fanning, logging, etc.) 

8. /v Transportation, communication, 
electric, gas or sanitary services 

9. / Construction 

10. D Financial (insurance, real estate, 
bank, savings and loan, etc.) 

Il. / Other (Please specify) / 

---_- i-..----- 

., 
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2. Approximately what was your business gross income 
.i;:l;s) . for calendar year 19767 (Please:check 

(8) 
1. // Less than $50,000 

/ - / 
2. /7 $50,000 to $99,000 

3. // $100,000 to $249,000 

4. /7 $250,000 to $499,000 

5. /I $500,000 to $1,000,000 

6. // More than $l,OOO,OOO I 

3. Approximately how many full. time employees are, 
currently on your payroll? .(Please check one.) 

1. /T Less than 5 ’ , -(i, 

2. /7 5 to 24’ 

3. /7 25 to 49 

4. /7 50 to99 

5. /7 100 to 250 

6. // More than 250 
/ 

r 
4. How much thought have you ’ given to the impact on 

your business of converting from the customary 
system of measurements to the metric system? 
(Please check one.) 

(10) 
1. /-- Much thought \ 

2. /7 Moderate thought 
I 

3. // Little or no ‘thought , 

4. /I Not concerned for a very good reason 
(e.g., metric is not here yet, 

more concerned with getting 
the work done, no direct impact 
on my business, don’t believe the 
U.S. will convert, etc.) 

5. What is your understanding of the national polfcy 
concerning converting to the metric system? 
(Please check one.) 

(11) 
1. // No stated national policy e. 
2. // Mandatory conversion within 10 years 

3. // Federal coordinating and planning of 
- voluntary conversion 

4. / / A mandatory, gradual conversion (i.e., 
more than 10 years) 

5. / 7 No conversion 
\ 

6. /7 Don’ t know 

7. L7 Other (Please specify) 

6. Which of the following laws or regulations, if 
any, currently make it difficult for your I 

bus,iness to convert to the metric system? 
(Please check all that apply.) 

1. / ‘7 Federal .antitrust laws 

2. 17 Other Federal. laws 

3. /T State and local iaws ’ (14) 

4. L7 Building codes . (15) 
, 

5. 17 Federal or State procurement (l-5) 
regulations 

6. 17 Other (Please specify) (17) ” 

7.17 None' ' 
,. - _' (18) 

8. 17 No basis to judge’, ‘, (19) 

7. Do you agree or,‘disagfee that the Federal 
Government should encourage conversion to the 
metric system by purchasing L-terns designed or 
described in metric terms? (Please check one.) 

1. I/ Strongly agree (20) 

2. // Agree somewhat 

3. // Undecided 

4. / / Disagree somewhat 

5. I/ Strongly disagree 

8. ” If metric conversion. occurs, which of the 
following rol,es, if any,, should the Federal‘ 
Go;;L”;‘nt assume? (Please check all that 

. 
I 

1. // Pl an the overall conversion (21) 
2. /7 Coordinate activities (22) 
3. LT -Establish target dates (23) 
4. I---- -/ Counsel and advise interested (24) 

parties 

5. 17 Legislate the conversion 
process 

(25) 

6. 17 Make conversion mandatory 

7. // Enforce the conversion 
process 

(26) 

(27) 

8. I/ Other (Please specify) , - (28) 

9. L7 None of the above 

10. // No basis to judge 

(29) 

(30-31) 

I 
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9. Does your business support or oppose- the United 
States converting to the metric system? 
(Please check one.) 

1. // Strongly support 

2. D Somewhat support 

3. /‘7 Undecided 

4. // Somewhat oppose 

! 5. // Strongly obpose 
-. i 

6. // No basis to judge 
\ 

,. 
i 

! -: 
10. Do you believe that tonversion to the metric 

system is inevitable for your industry? 
(Please check one .) 

1. e Definitely yes 
(33) 

2. /‘I’ Probadly ye; (, 

3. /I Undecided 

4. /7 Probably no 

5. I7 Definitely no 

_ 

11. What is the current status of each of the 
following metric conversion activitiGs in your 
business? (P,lease check one .) 

\ 

No In Does 
Plans Plans Pro- Com- Not 

For For cess EZeted Apply v-- 

Estimate 
cost to 
yonvert /7 ‘q 17 /4/ Lq (34) 

1 3 

Convert 
or dedelop 
products 
in metric 
sizes 

Convert 
or obtain 
equipment 
in metric 
sizes 

/ L’ f’ LT L7 
1 5 

( 36) 

APi?ENDlX II 

12. Listed belo; are several ADVANTAGES, ftenuently --_..-_. 
attr-tbuted tc c.or,ersion, to the m.?trlc system. 
Pleas@ indicate whe,ther you agree or disagrr? 
that each would be a sinnificent advmtaee for 
YOUR BUSINESS. 
row.)---- 

(Pleaseycheck one box fo; each 

hoes 
N* 

Basis 

Qrer 
1 

The metric system 
is easier to use 
and would result - 
in fewer errors. / / 
Conversion will ‘- 
increase or ore- 
tee t the amo;nt 
of exports and/or 
work overseas. 

C&wersioA wili 

/17 L-J il__TS ,~.:--i ~33) 

provide an oppor- 
tunity to stan- 
dardize products. /-‘\T !ij ,-‘T 

I- . ..’ 
,Use of the metric 

system will in- 
crease production .v-- 

efficiencies. /  /  
- - -  

Conversion will 
stimulate 

I7 /-7 l--i7 Ly;J (/,L) ’ ,business. .-- 
Use of the metric 

.system. will fa- 
cilitate tech- 
nological 
advances. I7 .- 1-3 Jr-IT /.--J (Q? 

L. ,. 
.‘, 1. j 

13. Listed below are several DISADVAN’XXS f:? m_------ . 
auentlv attributed to cor.version ‘.Q *he m~.t.ric . ~ 
system. Please indicate whc :?sr you agre.c 5x 
disagree that each would be a significa:? 
disadvantage for YOUR BUSINESS. !F!eL.:? cl.a,.l- - -..-. 
one box for each row.) 

NO 
DOUS Fr-S?S 

‘/ Dis- Not to 

Conversion will 
be costly, -/7 /-- .r-;,r i--I :i (f:Sj 

Training employees 
will be time 
consuining. : LT-7 ./l-y ~~,-I- .‘f--iY 5:. : 
Conversion will 
result in dual 
inventories. /--7 L---7 I’:;-;.’ ;;: -7 3:’ : ) 

Customers will 
be confused by 
the metric 
system, r---17 L---7’ i-J !“:: -7 (S! i: 

Conversion will 
increase the price 
of your business 
products and/or 
services. ~-j /-’ T /- “-‘-j ~~.~~,i (” ’ j 

--- A.-% 

- 

Conversion will 
result in safety 
hazards and errors. LT LT Ly-7 ./.,l;’ (48) 

Sales will be lost 
to foreign imp,orts. E-j l-L-1 izs? !tl,‘:T !I:r)j 

Codes and standards 
will have to be 
changed. -..I P i’ ,:; ,:I’ i - I’., ;!’ [!?I) . --_ 

- 
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4. For YOUR BUSINESS, would the, advantages of -- 
conversion to the metric system outtieigh the 
hisadvantage,s or vice versa? (Please check 
one.) i : i 

(51) 
1. // Advantages significantly .,’ 

outweigh disadvantages 

2. // Advantages slightly outweigh 
disadvantages 

3. //. Advantages would be about the 
same as disadvantages 

4. / / Disadvantages slightly outweigh 
advantages 

5. / / Disadvantages significantly outweigh 
advantages 

6. I/ No basis to judge 

5. For the UNITED STATES OVERALL, would the 
advantages of conversion to the metric system 
outweigh the disadvantages or vice versa? 
(Please check one.) 

(52) 
1. // Advantages significantly 

outweigh disadvantages 

2. // Advantages slightly outweigh 
disadvantages 

3. -/ /- Advantages would be about the 
same as disadvantages 

4. // Disadvantages slightly outweigh 
advantages 

5. // Disadvantages significantly 
outweigh advantages 

6. I/ No basis to judge 

16. With respect to small and large firms, who would 
gain or lose from metric conversion? (Please 
check one.) 

(53) 
1. /T Small firms would gain 

and large firms would lose 

2. /7 Both small and large firms 
would gain 

3. I-- / Both small and large firms would 
lose 

4. a Small firms would lose and large 
firms would gain 

5. I/ No basis to judge 

APPENDIX.11 

17. If the United States converts to the metric 
system, who should establish the ,date(s) .by 
which your industry would convert?-.(Please 
check one.) 

(54) 
1. I7 Congress I 
2. / ! U.S. Metric Board (In - 

consultation with the industry) 

3. I/ Industry associations . 

4. / Individual firms 

5. // Other (Please specify) ” s 

6. 17 No basis to Judge .’ 

18. In the ,long run, how would metric ,conversion 
influence the prices’of your business products 
or services? (Please check one.) 

1. m Major decrease 
(55) , 

_.. 
2. L7 Some decrease ‘.. 

,, 3. /T Little or no.change’ 
/ ’ 

4. // Some increase 

5. I/ Major increase f 

6. I/ No basis to judge 

19. If the United.States converts to the metric 
system approximately what would be the 
shortest timeframe in which YOUR BUSINESS 
could convert? (Please checker 

(56) 
1. /? Less than 5 years 

\ 2. /7 5 - 10 years \ 

3. l7 11 - 15 years 

/ 4. /7 16 : 20 years 

5. I/ 21 - 25 years 

6. // 26 - 50 years 

7. L7 More than 50 years 

8. /7 Never 
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20. If conversion is not made mandatory, what 
would be the optimum amount of time your 
company would need to convert? (Please 
check one.) 

1. 17 Less than 5 years 
.I 

(57) 

2; 17 5 - 10 years 

I 3. ,I7 11 - 15 years 

4. I7 16 - 20 years 

5. I/ 21 - ,25 years 

23. If you have additional: cossnentson any of the 
items within the questionnaire or related 
topics not covered, please feel free to 
express your views in the space below or attach 
additional data. Thank you very much for 
your cooperation in completing this quest’ion- 
naire. 

1 

: 

6. /7 26 - 50 years 

7. // More than 50 years 
, 

0. 17 Never i 
/ r+ 

E 

i 
,, 

21. Would you need assistance to finance the 
E 
‘E 

conversion to the metric system7 
check one .) 

(Please $ 
, t. 

1. /I 
(58) 

Definitely yes 

2; 17 Probably yes 
. - 

3. // Don’ t know 

I- 

-- If you checked 

4. I/ Probably no one of these, 
please skip to 

5. /7 Definitely no question 23. 

b 

22. What type of financial assistance would you 
favor? (Please check one--the pri...;ry ox.) 

1. /7 Bank loan 
(59) 

‘\ 

2. /‘1 Federal loan 

3. // Other (Please specify) 
\ - 

. I 
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THE F.ORTUNE'500 INDUSTRIES '... . " . . 

Mining , Crude Oil Production 
Food 
Tobacco 
Textiles, Vinyl Flooring 
Apparel 
Furniture i. .., :. 
paper I Fiber and Wood Products 
Publishing, Printing I 

:,: Chemicals 
Petroleum Refining 8 ; 
Rubber, Plastic Products ,, _. .J 

'I Leather ,I_- ,‘ 
Glass, Concrete, A:brasives, Gypsum ’ ,’ 
Metal Manufacturing 
Metal products 
Electronics, Appliances 
Shipbuilding, Railroad, Trans. Equip. :. ' 
Measuring, Scientific, Photographic Equip. 
Motor Vehicles :,. 1..: 
Aerospace . . ' ., "', 
Pharmaceuticals '~, : 
Soaps, Cosmetics '7 .: 
Office Equip. (includes computers"i ,"" 
Industrial & Farm 'Equip. '. . ', 
Jewelry, Silverware 

L Musical Instrumentls,,. Toys, Sporting ,Goods 1 
Broadcasting & Motion Picture Prod. & Dist. 
Beverages ' 

,:':. 

'; ., 
\ ./ ', 

-, 
/ 
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APPENDIX'IV 
APPENDIX 

*' 
IV 

./ 

SMALL BUSINESS P:ROFILE.OF RESPONDENTS 

Type of business: -' 40‘0 sample 1 .f 1,000 sample . 1 
Manufacturing 

I( 
287 Retail 175 

8 

Wholesale 119 12 .! 107 Service 2 

Professional , 
24 i 

/ .,: - Mining .:;;, 5 . . ': : 2 
Agriculture 2 

.t 
Transportation 

2: 

,9', 
23 

Construction 3' ': :, : ,~ Finance I 67 .. 

Other .-. ;I'?. ,' ,i ?,) ,,:;1 .". : 100 ' 4 5 e E i 
333 

: Total (note a) : '// B 
,, 688 -- ; I 

Gross sales: 
' i 

,'. ," ., ', . :-. g 
'., ,,‘:. 

$iOO'j'Oub 
. . .:. e 

Less than 20 :I.* 
$100,000 to $499,999 66 j 35 '. /. 'ii;:,: 91 $500,000 to $999,999 41 
$1,000,000 to $4,999,999 132 ,: I 8 "74 

$5,000,000 to .$10~,000..,.000 
291 . (. 

:) :I 
More than $10,000,000 

35 ,. 120 
.* ': 62 

,,/. .', 
. Total (note, a) .::.: I 1.329" ' 1 . '_ 673 

k 
;\ . . 

Number of employees: 
i 

I 

Less than 5 30 
5 to 24 

45 ~ 
94 

25 to 49 
253 

73 / 
5.0 to 99 

168 
/60 

100 to 250 
142 

50 
Over 250 

65 
25 17 

,Total (note a) 332 690 

a/Some respondents did not provide this information: hence, 
totals do not necessarily agree. 

“ ~  
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SURVEY OF-.BUSINESS RESPONSE RATES , 
.- ,. 

‘., 

Fortune 'Small business 
500 400~ samplse l.,OOO sample, - , 

Ques~tionnaires sent 500) -400. .1,002 

Undeliverable/out of 
1 ,. .,\ \ 

business -. : '4 ,' 4.1 

Potential respon.ses 500 3.96 -961, 
\ 

Usabl,e responses 413 1 " 334 i: 693 

Response rates: 

Usable responses 413= 82.6 334=‘84.3 693= 72.1 
Potential responses 50.0 per- ,396 per- 961 per- 

cent .cent cent 
i , 

' 

-. 
! 

,I 
I 

I I 

i 

5-40 



APPENDIX VI APPENDIX 'VI 

NOTES TO APPENDIXES VII,, VIII, AND IX . 
i 

CRITERIA FOR TABiES 

Appendixes VII, and- VIII / 

The possible responses to the,questionson .advantages and- 
disadvantages were agree, disagree, does not apply, and no 
basis to judge. The positions shown on the tdbles were deter- 
mined by using the following criteria: ( ., . . . . 

Agree--greater than 50 percen,t of the respondents agreed. 

Disagree--greater than 50 percent of the respondents dis- 
agreed. 

., 
Split-- neither the agree or disa_gree responses total more 

than 50 percent but their combined:total was . 
greater than 50 percen't'. j. \ 

A"blank space means that the combined total of agree and, 
disagree responses was less than or equal to 50 percent. 

Appendix IX 

For the possible responses.to the questions contained on 
this table, 
ter.' 

,see the discussion of each question in this chap- 
Where the answers. to the questions contained,qualified 

responses; i.e., somewhat suppport, strongly support, etc., 
the qualification has been dropped and the responses.combined. 
For example, somewhat support plus strongly support equals 
support. The last three questions on the table a,11 had possi- 
'ble answers of 'no plans for, plans for, in process, completed, 
does ,not,apply, and no basis to judge; the plans for,,in 
process, and completed were combined and represent the "yes" 
response on the table. 

The positions shown on the table were determined by using 
the following criteria. 

--Stated position-- The cited position had more thank 50 
percent of the total response., Note: 
the word position as used here means 
any response other than does not apply 
or no basis to judge.' 

I 
--Split-- No one position had greater than a 50 percent 

/ response; but of those taking a position, their 
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combined total was greater, than 50 percent of 
the total-responses. 

A blank space means that the combined total of those 
' taking a position was less than or equal to 50 percent. 
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Opportunity Common Easier 
to standard- 

Improve Export Increase Facilitate 

Industry 
measurement to product and work production technological Stimulate 

--- ize products ---_._-- laaage use - standards overseas efficiency ---- -------- ___.___ advances ----._.-_ industry 
Mining, crude-oil production 
Food 

Split Split 1 
Split Aqree SDlit Disaqree Split Disagree 

Split 
Tobacco 

? rles, vinyl flooring Aqree 
Agree Split 

Disagree 

Agree 
Disaqree 

Disagree 

Apparel 
Furniture lnnte a) 

Agree 
Split 
Aqree 

Disagree 
Disagree 

Disagree 
Disagree 

Disagree 
Split 

Disaaree 
Disagree 
Split 

FORTUNE 500--ADVANTAGES--EACH INDUSTRY'S POSITION --- _~-_- -- 

Papel -- c, fiber, 
- 

and.wood products 
-YwI1shing, printing 

Agree Agree Split Split 
Split 

Disagree Disagree Disagree 
Chemicals -? 
--. 2leum refininq ' 

Aqree Aqree 
re - Aqreq Split 

Aqree 
Split Split 

Spl'it 
Disaqree Disagree 

Rubbc ?r, plastic p 
Aqree ee 

roducts 
Split Disagr 

Leatl.-. , 7-r fnn+n z., 
Agree 

Disaqree 
Aqree 

Disaqree 
Aqree Disagree SF )lit Split 

Disaqree 
Disagree ..".... ", Disagree 

.- “I Glass, concrete, abrasives. I 
I gypsum 

Metal manufacturing 
Agree Split Aqree 
Agree 

Disagree Split Disagree Disagree 
lb 

Disagree 

Metal p roducts 
Aqree Aqree sp11t 

Split 
Split 

Aqree ~ Aqree Disagree 
Disagree 

Split 
Disagree 

Disaqree 
Disaqree 

w Electronics, appliances Aqree Aqree Aqree 
Disagree 

Aqree Split Disaqree 
.Disaqree 

Shipbuilding, railroad and 
Disaq!-ee Disagree 

transportation equipment (note a) 
Measuring, scientific, photo- 

graphic equipment 
Motor vehicles 
Aerospace 
Pharmaceuticals 
soaps, cosmetics 
Office equipment (includes 

computers) 
Industrial and farm equipment 
Jewelry , silverware 1 

Agree 
Agree 

Aqree 
Aqree 

Aqree 
Agree 

Agree 
Agree 

Agree 
Split 

Disagree Split 

Musical instruments, toys, 

Agree 
Split 

Agree Split Agree 
Agree Agree 

Disagree 
Split Split 

Split Split 
Split 

Disagree Disagree 
Disagree - Disaqree 

Split ~~ Agree Split 
Disagree 

Split 
Disagree 
Disagree 

Agree Agree Agree Agree Agree 
Agree Agree Agree Split 

Split 
Split 

Split 

No responbents in this industry 
Split Disagree Disagree 

sporting goods (note a) 
Broadcasting, motion picture 

production and distribution. 
Beverages Agree Split 

Split 
Aqree Split Split Split Disagree 

&/Because of the small num_ber of companies in this industry, 
is not shown to protect confidentiality. 

a breakdown of information 

Disagree 



FORTUNE SOO--DISADVANTAGES--EACH INDUSTRY'S POSITION --------------------~------------ z 

Industry -- 

Product safety Sales 2 
Dual standards Customers Increase Product -hazard lost to H 

inventories co&y Training chanaed confused imports H -_--- -- -_--- ----- __--_-_ . ..-_ ---- prices retesting and errors 

Mining, crude-oil production 
rood ,.I ___-- ---. ~~ ~~ 
T obacco 

r extiles, v inyl,flooring 
Apparel I-___ _\ m+,irn .nnrr n, -..-_ \..-..- -, 
Paper , 'fiber, wood products 
Publishing, printil ng 
Chemicals 
Petroleum refining 
Rubber, plastic products 
Leather (note a) 
Glass, concrete, abrasives, 

gypsum . ~ 
Metal manufacturing 
Metal products 
Electronics, appliances 
Shipbuildi 

transpol 

Split Agree Agree Split Split Split 
,Aqree Aqree 3 . .._-_Aqree Agree Aaree _ Split ~ solit Disaqree Disaqree 
-Disaqree Aqree _ Agree Disaqree Split Disaqree 

Split 
Disaqree _.a Dis s¶!xe 

Agree :ee Disaqree Dlsaqree 
Agree tee Disagree Disagree Disagree Disagree' 

. -. 
Agree Agree -' Agree ,' Agree Agree split Disagree Disagree Disagree 
Agree Agree ___ Disagree 

Split -. Agree Agrel - w.. SPllC ^_.1L SPA 1-L n:-..-..-- ,-.l^--..^^ n,c-rrsa 
Aqree e "Laay‘ee YIJaqAss YI-~.lL=s 
-Agree Agree -Agree.. Agree Agree Split Disagree Split Disaqree 
Agree Agree Agree Agree Disagree Disagree Split-' Disagree Disagree 

Agree Agree Agree Agree Agree split Disagree Disagree Disagree 
Agree Agree Agree Agree Split Disagree Disagree Disagree Disagree 
Agree Agree Agree Agree Agree Split Split Disagree Disagree 
Aqree Aqree Aqree L Aqree Split Disagree - Split Disagree Disaqree. 

kg. railroad and 
rtation, equipment (note a) 

Measuring. scientific, photo- 

_. '~ 
'. 

nri.nhir P”ll i nmcn + Aaree Disxree Disaqree Split Disaqree Disaqree Disaqree Disaqree Disagree 
,agree... Disagree Aqree Disagree Disagree Di 

~. 
_i__ sagree Disagree 

-Agree Split Agree Split Disaqree 

__lr ..-- ____r..._.._ _- _-_- 
Motor vehicles - Agree 6x3 
Aerospace Agree Agree __ 
Pharmaceuticals Split Agree 
Soaps, cosmetics Agree : Agree 
Office equipment (includes 

computers) Ag-ree Disagree 
Industrial and farm equipment Agree Agree 

Jewelry, silverware 
Musical instruments, toys, and 

Agree : 
Ag r,ee Agree 
Agree ~. .Disagree 

- 
- 

Disagree Agree - Agree Agree 
v No'respondee 

- 
:s - 

Aqree 'Disaqree 
Agree :Disaqree... 

Disagree Disagree 
Split Disagree 1 
m this industry 

Disagree Disaqree 
Disagree Disagree 

Disagree Disagree 
Split Disagree 

Disagree 
Disaqree 
Disaqree 
Disaqree 

Disagree 
Disagree 

sporting goods (note a1 
Broadcasting, motion picture 

production and distribution 
Beverages 

, 

Agree Agree * 
Agree.-:. Agree Split Agree Agree Split Split Disagree z 

m 
.- 

a/Because of the small number of companies in this industry, a breakout of information 
is not shown to protect confidentiality. 

.- c H 
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FORTUNE 500--OVERVIEW BY INDUSTRY 
; 

-----------_-__, x 
Position __ Advantaps/Disadvantaqes ---Ge~f?T~--- ------- ______~ status 

support/ 
Number or 

Industry metric g'ppose Inevitable 
advantaqes/disadvantaqes 

Business -B-s- 
__ Changes in Metric 

-1-* .Exports Imports Prices leaders 
Cclst.~~ 

-- coordinator Training analysis 
Mining, crude-oil production ' +uppor+ Y&5 
Food 

Split Advantage NO NO NO 
support Yes 

NO"= 
Dlsadv. 

NO 
Advantage NO 

NO 
Tobacco 

NO NO 
NO 

support Yes SPllt 
-Three 

Advantage NO 
Yes 

Textiles, vinyl flooring SPllt 'Split Split 
'- No 

Yes 
NO None 

NO ,No 
Yes 

NO 
NO 

Apparel 
NO 

NO 

support 
Two 

YBS 
Yes- 

Furniture (note a) 
SPllt Advantage 

sp11t . No 
NO NO No ,- One 

NO 
Ye6 NO NO 

PaDer. fiber, wood products support Yes ., 
Publishins, r) rinting 

Split NO 
Split -, 

Advantage NO NO ; Two Yes 

Chemicals 
sp11t NO 

NO NO 
NO 

support 
NO : None 

Yes Split Advantage 
NO 

No 1 
NO 

NO 
NO 

Petroleum refining support 
NO 

Yes 
FOUK 

Rubber, p lastic products 
Dlsadv. 

Yes 
navantaqe ho NO 

Split Split 

SuPPort 
NO 

Yes 
None 

Advantage Ad 
Ye6 

vantage NO 
Yes 

sp11t NO One 
Split 

Leather (note a) Yes Split Yes 
Glass, concrety, abrasives, 

qYDsum support Yes 
Metal manufacturing 

D.isadv. Advantage NO NO 
support 

NO 
Yes Split 

NO"= 

Metal products support 
Advantage 

Split Yes 
NO NO 

Split 
NO 

Yes Split 
One Yf?S 

ul Electronrcs, appliances 
Advantage NO 

support 
NO 

Split NO 

I 
Yes 

NO . 
SPllt 

Two 
Advantage 

Yes NO 
Shipbuilding, railroad and 

NO NO NO NO"= 
Split 

Yes Yes Yes 
lb 
VI 

transportation equipment (note a) : 
Measuring, scientific, photo- 

graphic sgu-ipment support Yes 
: Motor vehicles 

Advantage Advantage NO 
SuPPort 

NO NO 
Yes Advantage Ad 

Two 
vantage .NO 

Yes Yes Yes 
Aerospace SuPPort 

NO 
YC?S 

NO SlX 

_..Pharnaceuticals 
SPllt Aavantage 

Yes Y-S Yes 
NO NO 

SuPPOrt Yes SPAIt 
Split NO"= Yes 

Advantaqe TWO -NO 
Y&T 

Soaps, cosmetics 
N 

Yes 

Office equipment (includes 
support Yes Split Advantage :N: 

No NO SPllt 
NO No 

sp11t 
None Yes NO Split 

ComDuters) SUPPort Yes 
Indtistrial and farm equipment 

Advantaqi 'Advantaqe 
-support 

Split NO 
Yes Split 

NO Two 
Advantage' 

YC2S Yes Yes 
Jewelry, silverware NO NO 

No'respondents I" tbx? Industry 
NO seven : Y.SS Yes NO 

Musical .instruments,.toys, 
sporting goods (note a) 

Broadcasting. motion picture ., 
production and distribution support Yes 

Beverages 
Split 

support 
.Adva"taqe-‘ . . No . . 

Yes Split :'. 
NO 

Split 
Split None _ No ' ilo 

NO 
NO 

NO Increase Two. Yes -,,Split Yes 

~/Becau~e Of the small number of companies in this industry, 
nut shown to protect confidentiality. 

a breakout of information is ,. 
; 

g 
/ 
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.CHAPTER6 ,_ .'. 

SIGNIFICANT'EFFORT REQUIRED IF ENGINEERING 

STANDARDS ARE CONVERTED i 

Engineering standardsserve as the keystone to industrial 
and prod'uct development. Broadly speaking, engineering stan- 
dards are agreements that specify characteristics of things 
or the way we do things. Engineering standards bring order to 
the marketplace;,' witjhout them‘sthere ,would-be' 'inconvenience 
and higher costs, and'mass production ,wouEd not be feasible. 

Standards use in the United States is essentially a.vol- 
untary matter. Companies or industries which decide to :metri- 
cate will have to review their engineering standards to, deter- 
mine whether to metricate existing standards; develop new _ 
metric standards; 
tr ids, 

'or adopt metric standards .of other:Jindus-' 
organizations, or countries. . 

: 
Measurement is an integral part of about one-fourth of 

all ,engineering.-standar,ds. The ov-era11 cost to.c'onvert or 
develop metric standards has not been estimated, but is be- 
lieved to be significant by those‘involved in'standards -'devel- 
opment. Universal adoption of existing foreign me,tric stan- 
dards is not necessarily a viable alternative. However, they 
can be adopted in some instances (see ch.':7); The time re- 
guired to convert or develop new standa,rds varies by the in- 
terest of the parties and the complexity of the standard. 
Some standards would not be converted because the change in 
sizes is not practical. ' 

,. 
The ascribed-.benefits anticipated by metricating engi- 

neering standards are increased standardization, revision or 
elimination of out-;‘of-date orseldom-used standards, and the 
use of improved technology. However, these are only addition- 
al opportunities because they could be achieved without metri- 
cation, and their achievement is'not assured. 

I 
We discussed metrication of standards with U.S. stan- 

dards writing organizations and various industry representa- 
tives. We also reviewed National Bureau of Standards' publi- 
cations covering metrication and standards.. 

I 

WHAT ENGINEERING STANDARDS 
ARE AND WHAT THEY DO - 

Engineering standards vary from a simple one-page chart 
to a thick volume with many complex formulas. Standards are 
used to describe a large variety of items, such as the diam- 
eter of wire, size of bolts, wattage of light bulbs, size of ' - 
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highway signs, technical basis for building codes, tire sizes, 
and purity of aspirin. Below is an example of a standard 
for-the interstate highway sh'ield, and on the following page 
is a Standard for a hex-head.@ bolt. The bolt standard is 
more complex than the highwal"sign standard. ,;, 1 

1, 
Design Standard for interstate 

Highway Shields 

‘./ \ 

B B 
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tvll. indket~ Pmd”Ete unified dirnm. 
ly”” WNll British md c.s”*dia” stmrkltk. 
face Condition. Bolts need not be finished on any surface 
eat threads. 

of Hsad. Tc.tt of head shall be full fan am, cham‘ered or  
rded with tie diameter of chamfer circle 01 start of mundiw 
xl equal to the maxim”m Width *cross oat*, within * t.,er- 
0 of nlimts 15 cer cent. 
d Tqer. Maximum width *cm** fkts sh*ll mt be exceeded. 
tmsver*e section through the head between 25 md 75 per  
t of actual head heiaht ** measured from the bearino sur- 
I shall be less than tie minimum width *cross flats: 

5.Bead,cg Surface. A die seam acmse the beating &face is 
wrmtssible. Seariw surface shall be pemendicular to the axis 
Of the but” within a tofere”ce of 3 dw for 1 in. size and 
ermtler. and 2 dea for sizes lamer than 1 in. Angularity mea- 
yp&hNl be taken at a toCation to avoid interference from 

6. Cpnce+icitv of Head. Thd .sxis of the heed shell be mncen. 
tnc rnti the axis of the body Idetermined by MB diameter 
len~ti of b& under head, within a tolerance qu*l to 3 per  
cent I6 per  cent FIR1 of maximwn width across flats. 

7. Bdv Diameter. There may be * r*a.wtable swell. or  fin under 
the head or  die seam on the body not to sxceed the basic 
bolt diameter by the following: 

0.030 in. ‘or she* “D to 112 in. 
0.050 in. for sizes 5/S and 314 in. 
0.060 in. for sizes over3/4 in. to I-114 in. 
0.090 in. for sires over 1-t 14 in. to 2 iq. 
0.120 in. for sizes Over 2 in. to 3 in. 
0.190 in. for sizes over 3 in. 

8. Print. Bali* need not be pointed. 
9. Str?idtt?e~s. Shanks of @Its shall b* straight within the fol- 

y;Irg lhm8ts: for halts mth nominel lecqths m and including 
the ma~mum camber shall be 0.006 in. car inch of 

bolt lekgth. and for bolts with nomin*l lewtbs over 12 in. 
,b and +l”diw 24 in. tfte maximum camber shall be 0.008 
I”. Per mch O‘lenPth. A S”Wesled aaD* and Oagi”P PmcedYre 
for ehezkiw bolt mreiahtness is ttiven on Page A-23. 

10. Len th Tolerances. Bolt lewth tolerances *,e given on Page 
A-42. Tolemtces ‘w non winted ttmducts shall aooIv_ __ 

11. lhread LB”Zh. The lewth of thread an bolts shall be contm,,. 
ed bv the grill w&no lewth L& max as set fortft in tits fol- 
lowintt: 

Gn’tt Gaeina .Lewti. LG max. is the distance. measured paral- 
Id to the *x1* of bolt, from dte underside of the head to the 
face 0‘ * “0~counterbored or  MC-co”“ters”“k standard GO 
the@ rima oa~e assembled by hand as far 8s tie thread will 
Demt. The maximum orb wgim lenpth. *s calculeted and 

I.000 
1.125 
I.250 
I.375 

I .590 
I.750 
z.tmo 
2250 

2.500 
2750 
3.000 
3.250 

.*Mo 
4.ow 
4.ml 
5.000 

5.500 
6.000 
6.500 
7.ocu 

Z.500 
8.000 
8.500 

muted 10 two decimal ~Bces. for any bolt lwtf! rhall b* 
Bqud to the naminal’bolt length minus the basic thread tanpm 
IL+ ma = L Mm -  LT). It represents the minirmm design 
9”~ leyth of the bolt and shall be used as tfte critda ‘or 
!n*~ectmn and for determining thread availability whan s~(~ct. 
1-2 bolt lenotbs we” though us&f* threadi may ene,u bw,.j 
this mint. 

Basic Thread Lsn~th, LT. is a reference dimensica intended 
for calculstion PUVOSBO only, which mrbents th; dist*nce 
from the enrem* end of the bolt to tie last mnnlete (full 
‘cm,, thread. 

12. lnmmulete Thread Diameter. The major diameter of’inm~lets 
thread shall not exceed the *cNal m&r dismeter of th* full 

~‘Onn thread. 
13. Threads. lhreads. .when rolled. shall be Unified mars* fine 

or  8 thread s*ries (UNRC. UNRF or  8 UNR Series). Cl& 2A. 
Thread* wcducEd bv other metic& may be Unified coarse 
fine or  8 thread series IUNC. UNF or  8 UN Sedes,. CI*ss 2A: 

14. Reduced Diameter Bodv. Bolts may be obtain& in “reduced 
diameter bcdv”. Where “reduced diameter body” is specified 
the body diameter may be reduced to awmximatefy tie pits6 
diameter of the #tread. A shoulderoffull body diameter under 
the head my be supplied at ~ptiat of the manufacturer. 

15. identification Svmbols. fdentification marking symbol* on the 
tws of heads for bolt sires S/S and smaller shall rrmiect not 
!ess Own 0.005 in. above the surface car mm* than 0.015 
m. over th* wecified maximum head height: and for bolt sizes 
!erger than 518 in. shall mviect not lees *an the equiv*lmt 
m mhes of 0.0075 times the basic bolt diameter above th* 
surface car more than 0.030 in. over the specified mednwm 
head heioht. ASTM and SAE ared* matiws for st*d bolts 
are given an Page N-20. 

16. Mateti?l. bless o6wwise soacified. chemical and mechanicel 
~Wet”eD Of Steel bolts shall confwm to ASTM A307 Grade 
A. ISee P-e N-20). Other materials sh*ll be as’agreed 
upon by manufacturer and purch*ser. 

17. Nor+1 Size. Wh?re SpecitYinp cominaf size in decimals, zeros 
!x$dedo the decamal and in the fourth decimal place shall be 

18. See lntmductotv Notes end General Data on Pape A-3. 

1% Weights. WBiohts ttiven on Page N-90. 
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The use:of,,engineeringstandardswhich lieads'to stan- 
i ~dardizationgrea.tly, simplifies .commerce.:in a,highl'y :indus- 

trialized.society. .-The absence of stand,ards would greatly 
complicatethe. tasks/-of the.,buyers:.and .producers .in satis- 
fying their needs. Standards provide. _ t 

--improved communication between buyer.,and seller; 

.--greater confidence in the commodity purchased; 

--better .under'standing.of how.to use the commodity; 
:.. 

--gre,ater pudl'ic safety.in. the. use ‘of -t,he-.commodity; 

--better quality control; 
: ' ,. ;/ .I,. ; :. ., 1,, ."' 

,I ..T-lower inventories for, both ,:producer, and user thr,ough t 
el.imination of unnecess,arysi,zes,,., styles, and ,grades;' .I. 

--earlier deliveries because of-ability to stock common 
items; 

,' : ;' 
--better .performance at lower prices 'through'reduced 

need,for negotiations and more efficient inspection 
and testing; and _. ., 

--lower prices.through more rational basis for compet- 
itive bidding..' . 

For example, a consumer buying a lamp for home use usually 
assumes the plug will fit the electrical outlet, a,lightbulb 
will fit the lamp socket, and the lightbuib will not immedi- 
ately burn out or explode when the switch is turned on. The 
consumercan take these, things for granted, for the,most part, 
because- the.producers of power generators,.electr.ic-al,trans- 
formers ,and‘wiring, wall sockets, electrical‘fuses,,lamps, 
and lig.ht bulbs all use engineering.standards whi‘h ensure 
th.e consumer that the 'lamp will work and&work safely. 

When ma,nufacturers produce similar items using different 
engineering\ standards., the result can mean added costs and in- 
convenience. for the consumer. For instance, the buyerof ,a 
a new battery-operated calculator may not be able to recharge 
the battery by using the charging unit for another calculator 
because the units are not standardized.'- The buyer may find 
that the two charging units are designed to. fit the home elec- 
trical outlets. Both convert household current into useable 
current for the calculators, 
other wa,ys. 

and both may be /identical in many 
However, the size of the plug which.fits into. the 

calculator and the output of the charging units,may be differ- 
ent. Thus, the two units are not interchangeable. 
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,‘why is it,that the lamp buyer can be secure in the 
knowledge<that everything will.fit and work proper,ly and the 
calcul-ator buyer cannot? The -answer lie's in the manner in 
which engineering standards are developed, promulgated, and 
adhered to in the United State.s. 

DEVELOPMENT PROCESS FOR ENGINEERING -STANDARDS 5 

Engineering standards are .developed and published at 
I essentially three .levels: a single organization, company, or 

local group; a national organization ,,professional standards 
writing organization, or trade association; and an interna- 
tional, organization or international standards writing organ- 
ization. 

1 ,^ 
The following chart depicts the voluntary standards de- 

velopment staircase. 
down,the staircase,' 

Information on standards &flow up and 
and ,the acceptance and use of the stan- 

dards depends on the individual parties in the process. 

Voluntary Standards Development Staircase 

j 

International 
standards : 

'National ,. 
standards 

Individual _.. -. ; 
standards' 

E g 
\ , 

., 
.Metrication of -engineering standards in the United States " I 

will involve all of the above levels. However, the degree 
of coordina,tion between the three levels varies tiidely. The 
least coordination exists at the individual organization 
development level. Coordination is greater at the national 
level and potentially the greatest at the international level. I 
When numerous individual engineering standards are used 
rather than national or international standards, an exces- 
sive variety of products may occur and replacement parts may 
be difficult to obtain. .- r~ 

In the United States engineering standards development 
is primarily voluntary as is adherence to these standards. 
Groups join together on a vo-luntary basis to negotiate an en- 
gineering standard: 
regulation, 

and unless a standard is cited in a law, 
building code, or contract, no one is compelled 

to use or comply with it. 

. . 
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In addition to the many individual companies.who develop 
their own standard,s, over 580 groups' in the, United, States-; 
professionalsocieties, trade associations;State governments, 
and Federal Government agencies-- write; 'disseminate., or-:" parti- 
cipate in standardization activities. Al%o-, an estimate-d 
12,000 local governmental bodies issue bu-ilding codes and 
regulations. 'I . . . . 

:./ ,. ;, ._. 
International stand.ards are developed by m,ultinational 

organizations., Both the public and ,private sector.s participate 
in internation.al standards setting activities.,' Generally, the 
Federal Government represents,,th,e.United States .in interna-!' 
tional standards organizations, 

.._i ,... . /. .(1.. " ._ , 
such as the General Conference 

of Weights'and Measures, ,wh..ich have been, established- .by. trea- 
tiess 'The American National Standard.s Institute, a .private 
nonprofit org'anixation, represents .the,Un,ited States in. inter- 
national stand-ards organiza'tions ,which have not beenestab- 
lished through treaties. _: > , ',' ;. 

h \ 2 . I, 
How voluntary engineer.ing 'standards .become ;. 
national or international standards' 

Two meansexist for a voluntary engineering standard 
to become a national or internationa.1 standard. One is 
through wide acceptance of the standard.by various.companies 
and industries, These are sometimes referred to as de facto 
national or internationalstandards. . -The othe,r means is 
through‘ formals recogn'ition,by a national or international 
standards writing organization; ,' 

' 
In,the United States the Government does not publish.or 

promu.lgate national standards as some ,other.c-ountries do.. 
ANSI is the only U.S. standards promulgating organization 
whose goals and objectives are to provide' formal recognition 
of standards as national standards.;" ANSI writes no' stand- 
ards; ,however, it provides a medium for coordinating. stand-!' 
ards development and agreement on national standards. The 
standards it approves bear the name, "American National 
Standard." 8 \ 

ANSI's membership consists of 900 compa.nies and-200 
trade, technical, professional, labor, governmen,t,'a,nd consu- 
mer organizations. It has established formal review proce- 
dures for use in considering proposed national standards, and 
it requires formal voting and r,esolution of objectives before 
approving a'standard. It has' approved about 6,500 engineering 
standards bs American National Standards. 

.The International Organization -for Standardization .( ISO) 
and the International Electrotechnical Commission are the 

6-6 



, 
principal international organizations involved in preparing 
voluntary,engineering standards. Membership in these. is lim- 
ited to national re:prese:ntatives of membe,r countries. ANSI 
is the U.S. r.e.pr,esentative. 
the Commission has'42. 

IS0 has81 member nations, and 
, 

I 
The Commission is concerned with electronic and electri- 

cal standards, and IS0 is concerned with all other types'o'f 
standards. These international organizations have published 
,-about 1,.500, and 2,80.0 standards, respectively. : 
..‘ ., 
Time+required to develop -standards ..:, ~ \ ,:. , > : ;* 

.: Standards development is a labor-intensive and time-: 
consum.ing ,proce.ss'. -. It r:equires the. .inte.rested parties to. 
,meet and ,reach: ag,reement:, on the standard., Standards. wr#iters 
told u,sthat it usually.takes between,:2 to 5.years to d,evelop 
and process a new standard. This time is,spent to develop 
the technical information and to obtain agreements on the 
standard. Standards development is also acontinuous, pro- 
cess. Organizations generally review ,fheir‘standards every 3 
to 5 years to reaffirm or revise them. 

Organizations believe that the metrication of engineer- 
ing standards,wou;ld:be.done when the standards are being re-, 
viewed or update-d. _ They generally;believed that a special 
program to metricate standards would be too costly. The time 
required to convert a'st:and,ard depends o$n,zthe interest,of par- 
ticipants and the complexity of the standard, according, to an 
official of one large standards writing organization. How- 
ever, in his opinion, the time required to convert a;standard ' E k 
should-be less than that required for developing a new one. 

,If,an .international agreement on a s.tan.dard is sought, 
additional time:'is required. We were infor.med that,obtaining 
international agreement ,on a standards requires an additional 
2 to.5 years. -2 

VIEWS VARY ON NEED TO CONVERT STANDARDS 

Proponents of metrication point out that as the world 
,becomes,.increasingly,metr'ic, the'need for the Un'ited,States 
to.use the metric system increases. U.S. engineer,ing stan-.. 
dards are based on the customary system and generally are not 
compatible with,standards based on the metric.system. The 
importance of the.compatibility .of engineering standards is 
increasing in European markets. This is signaled by actions. 
of the European Economic Community countries. Po,licies of the 
Community'.suggest the increased. adoption of international 
standards as national standards. 

7 

.> 
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The use of international standards'can broaden competi- 
tion by assuring buyers and producers consistent products and 
materials which meet theirs needs regardless of co'untryof 
orig.in, according to standards organizations. Also, their 
use can reduce trade problems. Generally, the parties 
interested in international standards are those involved in 
international trade. 

In our questionnaire to firms listed in the Fortune 500 
(see ch. S), we sought opinions on the. importance of measure- 
ment.units andjor engineering standa,rds in trade. Most of 
the respondents stated that measurement units'and engineering 
standards;icustomary or metr.ic,..were of minor significance in 
promoting or deterring~expor~ts. ,, 

,Metr.ic,terms usedminternationally. ,:: ', 
/. '. " 

-Use of the International System, o'f.. Un.its .is' incr.easing 
in international trade and standards. The Department of 
Commerce advises U.S. exporters that most foreign countries, 
issue\ product standards which use hard metric dimensions. 
Further, U.S. products must conform to each country's laws 
and regulationsand be compatible with products used in 
those countries. However, many U.S. engineering standards, 
such as those used in the aerospace and petroleum industries, 
have been accepted internationally because,of the U.S. tech- 
nological lead. Theseengineering standards are, soft con- 
verted to metric terms by other countries or international 
organizations if ,necessary. 

: : 
In 1971 the' European Economic Community issued a direc- 

tive establishing- that all commercialttransactions between the 
members be c0nducte.d in SI units. This,, coupled with greater 
international standardization in the Community, leads to the 
possibility that U.S. products will be. recjuired,to meet metric 
engineering standards. '. 

! * _" ,., 
Finally, IS0 and the International Electrotechnical Com- 

mission have adopted the SI system as the official measurement 
language for their standards. European countries are begin- 
ning to use SI units in their national standards. This means 
that Stan-dards written in U:S. customary units are losing 
international acceptability, according to standard writers. 
Howeve,r, the exteh-t to which other countries use and adhere 
to,international, standards has not been ascertained, according 
to NBS. 
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INTERNATIONAL STANDARDS CAN BE 
SOURCE.OF METRIC STANDARDS '. .' '5,:'. : c ,; . ,-' -_ 

Most, foreign engineering standards,are in inetric units,. 
This mean.sthat the United. States has the option of.adapting 
the foreign metric engineer-ing standards,'rather than'd,evelop- 
ing its own. 

International and,foreign: standards are criticized for 
not always being technically adequate for use in the United 
States.:.However, an,ANSI official said,,that .there is a:lot 
o'f truth in the po-int, 
do no't use it'." 

"If I d~id not'write.the standard; I-! : 

cisms. 
We: did, not .judge' the v$alidity of the'criti- 

Some criticisms of the ISO.Is standards are': :,: 

--They are the lowest common;denominator--o.f the countries“ 
involved; that is, to'satisfy all parties,' the. standard 
app,roved may re.flect a'lower technology level than pos- 
sibl;e. .:,;, _' / .'_ 'J 

t . 
--They are out of date by the time pu,blrished. -.', 

'. / .: 
--The European members use .block voting,to ensure their 

views. '. ,, :': 
P' " 

--Too-little U.S. participation ex.ists:.in the develop-. 
merit of stand,ards to endorse. their use in-the United.., 
States. : ., -. 

As will be discussed in chapter.7, the U.S. fastener in- 
dustry tried to.develop a new international standard for met- 
ric fastener,sbut eventually:adopted the internation,al stan- 
dard with some exceptions; _ 1, 

'. s. 
Standards conversion in other countries 

', i, 

_ ., 
The metrication of engineering standa,rds was one of the 

early c'onversion projects started:in the' United Kingdom, 
Australia, and Canada. Essentially, these governments left 
the actual conversions up to industry and the national stan- 
dards writing organizations... The use of national standards 
in these countries, as inthe United 'States, is voluntary.,. 

. . 
However, the degree of government invo!lvement in Stan-. 

damrds development in these countries is greater than in the 
United States. In the United Kingdom and Australia, the,nay 
tional standards coordinating body is a government agency; 
it receives funds from both the government and the private 
sector. Canada used its metric conversion commitment, in 
part, to introduce government review and involvement of its 
voluntary standards development system. The Standards 
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Council of Canada was established at.the onset o-fits metri- 
cation commitment as the national coordikting lagency for 
standardization. Its pur-pose is to ;enc:ourage.khe writing of 
standards through the voluntary consensus process. The Coun- 
cil certifies s.tandards writing-organizationsand yensures that 
a consensus standard is produced. .:It manages the'national 
standards of Canada. Also; 'the kuncii' has the.:pre,sponsibility 
for representing, Canada'in the international.standards organ- 
izations. Thus, these ,governments are able to d.irect the 
standards development toward metrication. 

., , :: r 
However,,,in the United Statesi .the Federal Government 

neither;co,ordinates. national stand,ardization activities, 
re,views the'standards development processes; nor certifies 
standards writ,ing ,organ~izations. ;::Although .Federa,l “agencies 
devel,op s.tandardsfi-their use is not,,mandatory unless cited 
in laws, r.egulation's,. .and contracts.'V I;egislation.introduced 
in.the Congress in '1976,,and,l977, pr'oposing'more.Federal 
Government involvement and, revie~w of standards development _ 
was not enacted. I/ 

NUMBER &ENGINEERING, STANDARDS. 
: s 

L_ :'. -,. ,: 
?iiD THE METRICz'IMPAOT r , _ 

;, (1 
In 1971 NBS reported that about 60,000 engin-e.ering,st,an- 

dards were being used as national standards. About two-thirds 
of these..had been issued .by the ,Federal Government,andF8ne- 
th,ird by .various stand.ards writing groups in the $r,ivate, 
%sector. NBS estimated that. only about .one,-fourth o-fthe .eng.i- 
neering standards w&e measuremerk sensit,ive; ,that is, mea- 
surement was an integral part of the engineering standard. , 

To evaluate the impact of metrication of,eng~inee.ring 
standards, NBS categorized the types of standards into uses 
andlpurposes as follows: , / 

I, ,' : I. 
1. Dimensional stand,ard-s specify the un.iform size for 

products or items. ,For example, a specific width: 
for the distance,'between rails for railroads has 
been established. ., : 

: ., II 
2. Quality standards assure a desired quality level for 

a required service and uniformity in quality from 
one, item to another. However; quality,standards are 
not-measurement sensitive because they prescribe a 

.degree of quality. For example;,if an engineer de- 
termines 'that a bolt must have,a strength of 120,000 

~ _L -a- 

L/S. 3555, 94th Cong. 2d Sess. (1976) 
S. 825, 95th Cong. 1st. Sess. (1977) 

6-10 



lpounds per.square inch, this requirement is the same 
' whether the strength is reported as 82,7,000 kilo- 

pascals, (metric) or'l20,OOO pounds per square inch. / 
3. Methods of test s.tandards provide a common basis for 

_evaluating materials and products. These establish 
normalized procedur'es for d,etermining critical dimen- 
sions orproduct.quality and are essential for ascer- 
taining if a product satisfies a specification. 

4. Descriptive standards are comprised of those enqi- 
neering. practices which do not involve measurement 
units. They,include symbols, sampling and other' I 
statistical practices, terminology and definitions, 
format for drawings, 
practices. 

.and other d,escriptive engineering 
Examples are, the glossary o.f terms,. the 

1. color code of similar products, the list of symbols ' 
or abbreviations'used in-a standard, and the sample 
size to. estimate quality of a lot. : 

.' 
In addition, design and per.formance,standards exist 

which incorporate the above categories of standards;,, Design 
standards impose limits on product design or materials-used.. 
Performance standards describe how a product or material 
should behave under certain conditions. 

Engineeiring standards can be.based on 'any system..of mea- 
surement units,, 
to another. 

and the,values can.be converted from one system 
The use of a common measurement system could elim-. 

inate,both errors that may be made when.,converting between 
systems and the staff-hours required to,?make the conversions. 

When customary values are converted to metric values in 
anengi.neering standard, the process is referred to as soft 
conversion. Esls'entially, no physicaltchange takes place in 
the products. Some standards, such as the distance between 
rails for a railroad, would only be soft converted because 
it would be impractical to change the, distance. However, 
some standards organizations explained. that this type of 
conversion is of little value because it takes time to make 
the calculations and no change occurs except in measurement 
language. 

The alternative process is called hard-conver,sion. It 
calls for new standards because a physical change would take 
place in the products. Hard metric standards are not com- 
patible with customary standards because the values commonly 
used are not equal. Some examples of units commonly. used in , 
standards are shown on the following page. 

- 
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Unit 
Customary 

units 3. 

Soft-converted. Typical rounded 
metric units metric units 

length 1/4,in 6.4 mm 5mm 
'l/2 in ,12.7 mm 10 mm 

1 in 25.4 mm 25 mm 
2 in 50.8 mm :50 mm : 
4 in 101.6 mm 100 mm 

.' 

weight '. 4 '-,o i 113.4 g ,,lOO g 
8 oz 226.8 g '250 

16 
g 

oz or 1 lb -453.6 'g ' 500 g ^ 
2 lb 907.2 g- 1 kg j 
4 lb 1.8 kg 2 kg 6 

volume 4 oz 118.3 mL 1 ' 125 mL 
8 oz 236.6 mL' 250 mL 

16 oz 473.2 mL 
946i4 mL -' 

500 mL 
1 qt (32 oz) 1L 

: 2 qt'(64 dz) '1,.89 L 2L 
1 gal (4 qt) 3.79 L 4L 
2 gal 7.57 L 8L 

Consequently; if U.S. -industry,needs metric standards 
which are compatible with stahdards of metric countries, hard 
conversion will be necessary. 

Few U.S. metric standards exist 

Few U.S. standards are based on metric units. ANSI's 
bibliography of metric standards lists 16 American National 
Standards as metric. However, one large standards writing 
organization says that its 5,000 standards show both cus- 
tomary and metric units. These are soft-converted standards. 

We have no estimate on the total number of engineering 
standards which are being converted. Generally, standards 
writing organizations said .that the decision to convert a 
standard is up to its members and the indicated needs of the 
marketplace. As will be discussed in other chapters, some 
industries have started projects for converting their stan- 
dards. 

- 
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Advantages and disadvantages,, ‘:) ~. _- ,; 

“The often-cited benefits or advantages -of converting 
engineering standards are expressed as opportunities. These 
opportunities are increased standardization of products or 
things, reduced number“o,f standards, and improved technology 
in standards.. Most of these opportunities canbe attained 
without metrication, we!!,,have been told. However, metric 
proponents state that conversion provides the incentive to 
attain them. .’ 

Standards writers generally believed that there was ex’- 
cessive duplication in standards development. However, this 
appears to be -a problem:of the voluntary standards- develop:. 
ment process in the United States. Because not all stan- 
dards are, measurement sensitive, we doubt that metrication 
will resolve this situation; -. 

In our questionnaire to the companies listed in the For- 
tune 500, we asked for opinions on several of the frequently 
attributed advantages of metrication. Most respondents be- 
lieved that conversion provides the opportunity to standardize 
products. However, more disagreed than agreed that metrica- 
tion provides tan opportunity to improve the existing stan- 
dards which have been developed for,products. On’ whether 
metrication will improve technologicaladvances, most of the 
respondents indicated that they did not bel.ieve it would. 
The following table shows the respondentsopinions on the 
claimed advantages. 

Adv.antages ,. 
Does not No basis 

Agree ,D.isagree ,applx, j to judge 
. . 

--ili--,,---y- (pe,r:cqnt) ----w--,7-e- : 
Conversion will pro- 

vide an opportunity ‘. 
to standardize pro- ,,_ - 

d,uc ts 61 18 16 5 

Conversion will pro- .. i,, 
vide an.opportunity 

: for improving pro7 
duct standards 36 '43 11 10 

Use of the metric 
system will facil- 
itate technological 
ac lvances 13 .57 14 16 

- 
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In our Fortune 500 questionnaire, we also asked about. 
disadvantages in metrication. One of the frequently attributed 
disadvantages cited about~metrication~is,that~produ.ct'stand- 
ards willr;have'..to be changed-- 60 perc.ent" ofthe. respondents: 
to :our~ questionnaire agreed- with, thi's point;,-,Howeve'r, 27 ,per- 
centdisagreed and 13 percent respond.ed that they.either..-had 
no basis to.,j,udge or the question did not apply to-them.::- .' .;, ,.',,, ,. ';“ ., :' -i 
COST TO METRICATE STANDARDS "q 2 i ,: .I ',, i. . .I. ,' .,A .- . . & -:,:.,. ,I I'./ ; I 

While:.we:could not'identif,y..the~~overall cost-of c'onvert- 
ing standards, we did obtain some estimates. According to 
a report on the development of a -U..S:;: metric fastener;:.-stanid.+ 
ard, the U.S. 

,., ,.,‘__,. 
industry had invested .$‘l. million'on-‘the.i"~~ev'e~,- _ ,a" . .,"L.. h,,&* 1.. 

opment of a new metric engineering standard for fasteners. 
The::Aerospace Sector Committee:of the American::National Met- 
ric-,Council:,.has lestimated that1the':U.S.: aerospace:-,industry:; 
could- s@end"about:,,$29 millionforthe~ convers'ion'~,o:f' some ;L j 
4,000 standards.- .Also.,:we-'-noted t,ha.tthe, average.cost.to 
develop or revise any-*General Services,Administration stand- 
'ard;was about $17,200 ~and:about$.6,800;~respectivelyi~~in ,e 
fiscal year 1976. .I .: ,' 'I I .-,.; :.: ._ 

'The,type'of conversion ,is,:animpoftant factor: in'the 
cost,.of conversion; Soft conversion could involve..many.staff- 
hours:.to replace.the customary.values,with~:equivalent-metric 
values and to val-idate.computations,.according to;.:standards~< 
wr,Pter s . Hard;conversion would require, the development?of a 
new-standard. * ~Generally,~:hard.conversion. would;seem) to be :) 
more costly than soft conversion. 2;: ?‘. I ; 

, ,Accord-ing to an *ANSI official, to achieve,the benefits 
-of ,metrication, ,U.S. iridustrylmay :have:to: double or-:&en "'1. 
triple its'commitmentrof funds 'and..:resourees for standards. 
development .over the. ,next,.lOc:years. In this official!s :.-; 
opinion, such a.commitment to,standards:rdevelopment may:.en-: 
,sure thati,codversion is a blessing rather than a nightmare, 
for businessand the public alike. In 1976:ANSI',estimatedr. 
that the U;S;'industry‘commitment to,standards development 
was more,than $250 million annually<~ : , 
v;EWS OF STANDARDS WRITERS; 

I,_ 5:. ,. " ..I 
,. '. ; I _\ 

We contacted a number'of.nationally recognized stand- 
ards organizations. General-ly, these organizations have " 
policies to develop whatever standards are sought by indus- 
try. Their policies may be providing some impetus for met- 
rication in the Unite,d.States. : 
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ANSI " :. _'I2 ;;.'. ‘I ; ,,_, ,' 
._ ..,,. .,_ ,l ,_ ,: ._.' '! ,) .q :. : i ,... ^ I 

.'.,I ANSI.'si policy"is that's standardswr'iting organ,ization, 
at a minimum,. shoeuld"include.at-least dual dimensions in'its 

~standards and,suggests developing,metricstandards which, are 
parallel toL existing customary standards. _I Thisposition, is 
based on the belief:that: US. 
with international standards. 

standards must be..compatible 
Further, ANSI believes that the 

importance of international trade isori:,the‘rise.and the" 
United States may suffer if U.S. produc'ts"and standards are 
not compatible with those.of the;srest of the,~world,.... ' 

:' ..',,; ..I. ., .,. : ' * ,:; _' 
Am,&icam, Society, i;6r :Tes,tf.nq:,. ,_ ': :),, ;, . . :;:i '. 1. 

, 
;!,I: ,. '1; ~1~ 

and- M'aterials : ;, : ;: j : ' G : : . . ., : ~ _'.I. .i : ; 
,i. : ::, : ,.' ,', ..- : i.. "2:; ,*.. ; ,.. 

I: The Society -foL.;:,Testing :and Materials. is:,the. largest,-;,J..' Y 6 
voluntaryi standardizing organization. in:.the;~United~, States<.1 ': 
Its standardsdeal'iwith the characteristics and'testing of *, 
a material, product.,-+syste,m, orqservice. -For-example, itpub- 
lishes standards.,on~.specifications~of.materials.like steel 
and cement-."'It-has published;about5~,OOO,.'standards; many;.are' 
recognized as American National Standards. ::. i " ..".' d 

"The Society for:.Testing::,and Materials',is a,:proponent of 
~internationalstandardization~ ::In 1963 it tookea:,leadingT '+ 
position:,by introducing: SI:metric,.units in:its. standardsalong 
with the, customary,.units.: <Also; it haspublished a: metric:: 
practice!,guide,. to assist its technical:~committeesconversions. 
This guide-has'been.,ali~,approved,AmerScan-:Nationa~~,!S~andard _.' 
since 1973. . . .._ I ,:__ ,j./, ,, ,'j. ,~ '_( '.,‘ ,, __ % 

A,representative from.the,...Society.for Testing,:and.Mate- 
rials,views soft,conversion;and,,dual dimensioning,'of standards ': 
asann :educational. exercise,;:n:. The Society for -Testing and ,Mat- 
terials hopes;to:use dual.dimeqsioning~only as an intermed.iate 
measure. :As of,Septemberl977, 
dards,,include dual units, 

near1.y all ,of .its .5,00O.:stan- 
and one. standard has beenconverted. ' 

(A converted stand'ard is defined as-one which.iparallelsan 
existing customary standard:),: Six..other.standards are in,the 
process of being converted. The.2Society.for..Testing and I:, 
Materials did not know how many standards are based on metric 
units but was keeping track of converted standards. " ':,i [ ../ .1 ,1 r 

'.,The Society for, Testing and.Materials is following a 
policy of converting..stand,ards when an industry or thestan-. 
dards,committees..want them converted. ,,:_ _' 

. . '_ ._' I 
American Society of Mechanical Engineers ; ( 

The American Society of Mechanical Engineers is a pro- 
fessional society with about 70,000 members. It promotes the 
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art.and science of.mechanical engcin-eering and:rel,ated sciences. 
It is probably best known -for. itsBoilerand Press:ure Vessel 
Code which has been accepted as law, in part or in whole, by 
45 States, a number of cities,. and all. prov.inces,in.Canada. 

~\ ., : I '. :. *. 
According to its .first metric polic'y, published in 1970, 

the Society of Mechanical Engineers antic.ipated displacement 
of the U.S. customary.measurement system by the SI,~.metric 
system i,n many fields; Its policyi encouraged .the-development 

,by its members of a capability to work in both systems. In 
October 1975:,the‘.policy wa's revised. to state that- the::Society 
of Mechanical Eng-ineers supp0rts.a coordinated voluntary na- 
tional convefs,ion program and, ,that it willtcooperate.ti:ith:? 
others in ,implementing. the- policy. '.!Further, t,he Soc:ie,ty.:df. 
Mechanical, Engineer.s.required-all-works to include mefric‘ 
units, but customary units could adso..be used:.. -_ “: :.i+ 

~In:Apri.l 1977 the Society 0.f Mechanical Engineers. amended 
its.policy.to-'provide that: its codes:!andzstandards be.pub- .+> 
lished in metric unitsat the appropr.iate'time as determined 
by.industry, Government;public, and:society needs'consistent 
with national plan,s for coordinating and managing>development 
of metric standards. An official explained that the previous 
policies had placed emphasis on soft convers,ion of standards. 
The Society of Mechanical Engineers found.'little.v'al.ue in',so,ft 
conversion except for education and famiii'ariz'ation"‘because 
little orno change :occurs; Soft.conversions result in arith- 
metic.:exercises., according.to an' official6 Anyone measuring 
a product made to's soft-converted standard would consider:,. 
the product customary rather than metric; The official.stated 
that interest in metrication has tapered off considerably. 

.. Before the 1977 policy change.; the Society of Mechanical 
Engineers had started soft converting ,information‘in *its i i 
boiler -and pr,essure vessel code: It had not expected to“com- 
plete this conversion until.1981. The Society of Mechanical' 
Engineers.?was not converting any formulas,:in.the code; :we were 
told;ibecause it doubts,it could be done economically.- .-' 

American Society of Heating, Refrigerating, 
'and ,Air-conditioning Engineers - '3 : ., c 

This society, which has about 25,000 members, has pub- 
lished about 30 testing standards; that is, methods to test 
products. In June 1975 it issued the following schedule 
promoting soft conversion of its standards: 

1. After July 1, 1976, all publications, with the pos- 
sible exception of the handbook volumes and special 
tabular publications, shall be prepared using SI 
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metrici.or dual.:. units. The sequence of-- the units+ _,.' 
shyall-be left to thesdiscretion of the author. 

2.. " 
. ,. ..‘ !- 

After .,July l , 197'7,..all publications shall:be pre- 
pared using metric units only or metric units first 
follotied by U.S. customary units in parentheses. 

< .' ',I. 
3. : After July 1,...1979,~al1.publication.s~shal.l be.pre-' 

par,ed using metric un.its,only. 
. . 

The Society:o.f Heating,. Refrigerating,-and Air;conditioning 
Enginee,rs consider.ed soft conve&ion as. a:.vehicle for ,metric 
educat,ion. ':An official told'usin February.-1978.that this 
schedule:;has b.een rescinded,;:... Somev,strong.resistance to the 
schedule:,,had..,been voiced by the. air-conditioning systems and 
equipment group:i+,particularly. contract0r.s.. d Q , 4. 
‘ Each..group.qithin'the Society o.f Heating, Refrigerating, 
and Air-conditioning:Engineers has responsibility for its 
standards and publications and,will de,termine when to con-. 1 
vert.. Before a standard.or publicationis'printed-using only 

.metric units, i,t must be approved, by the Board of.Directors. 
,! ./ ,'_ , ,,,.. ,. 
Institute of Electrical and 
Electronic.,Eng.ineers, I C 

, 1 ,: 

, -  ( -  
‘C, :  I  

I I  

.  .  . *  /‘, 

. ,  , , ,  . , :  

'm The, Institute.of Electrical and Electronic Engineers., 
isV.a;profession.al engineer,ing .society.with.-.about 175,000 mem- 
be r s :.: It writes standards-on electronic and.electrical equip- 
ment; testing and rating-methods; ,and units, symbols; and 
definitions.- I ,. .' 

: TheAInstitute's policy provides for the use of. SI. metric 
unitsin,:its publications and .standards. .But if.a variation 

-,is necessary, ,the policy requires the units to ,be converted 
to metric units.: The Institute prefers hard conversion.but 

.recognizes problems ,with other standards, such as wire sizes, 
nationalwire code; and heavy electrical equipment, which it 
does not prepare. 

An official pointed out that'the electrical field.is not 
faced with making as many conversions as .other engineering 
fields because the measurement units..of volt,,ampere, and 
watt are customary,as well as metric units. The official-said 
that the electrical field is moving toward greater acceptance 
of metric units with modest speed. 

.> 
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Underwriters Laboratories.Incorporated ic' > ) ,/ : ' 
t' I_. 

Underwriters' Laboratories' purpose is to establish, main- 
tain, and operate laboratories for the investigation of.ma-. 
terials, devices, products, equipment, constructions, methods, 
and systems with.respect to hazards affecting,life and, prop- 

.erty. .,$t tests the,quality of.items.,against standards, such 
as its.safety standards for electric heating pads;household 

'dishwashers,;' and life preservers.:,', I: 
: -i ~. 

Underwriters!, practice'is to include SI units,.parenthet- 
ically .in its.standards%along:with,the customary units. 
Metric units which differ from SI_units:,are.still in'common 
usage in foreign countries, and these units are also listed 
in some,cases. . : . "r 

: .( : .I '_,'- :, / ._. .., : :. ,, '. 
: Underwriters' .position is.:to:,be a:-follower in.metrication 

rather .than:a leader., It,Ywill.provide -whatever the market 
dictates, ,which has been its"policy in the past, -according to 
an officiali It anticipates no problems with conversion. 

;. , . 'I : .: " 
Society of Automotive Engineers . 

The Society of Automotive Engineers,.a professional en- 
gineer,s organization, develops technical standards for indus- 
tries using internal combustion.engines, such-,as the motor 
vehicle, farm tractor, aerospace, and road;building'indus-'. 
tries. ,r, ". 

r 
In 1969 the Society of Automotiv'e Engineers issued-a 

statement calling for SI metric units to be--used in its stan- 
dards and- other .technical reports.'.: Its.December.1976 policy 
recogni,zed~ the rapid. growth o,f,metric usage, :particularly,- 
in the industries it serves. The Socie-ty of,'Automotive Engi- 
neers is,,working .toward the gradual phaseout of customary:: 
units by 1985. It places importance,on increasing. compatibi- 
lity of U.S. standards with international sta,ndard.s and pro-- 
moting wider acceptance of interna.tional standards whe.never 
practical. 

Federal Government standards 
._. 
'In 197lNB'S estimated that about 40,000 engineering stan- 

dards used in the United S.tates were issued by the Department 
of Defense, and the General Services Administration. a These " 
standards are used primarily in Government procurement;‘ Offi- 
cials of these agencies informed us that their agencies intend 

'to follow industries lead in converting and not lead-them- 
selves. The officials pointed out that generally their agen- 
cies rely on industry for products and are not in the position 
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to dictate metric products":,and standards. (,Se,e ch:. 22 fgr,,,,‘, 
more detail on Federal aqencies and metrication.) 

1 , 
i xr 

CONCLUSIONS ‘;:-. > ,, : : cf ., ‘, x _’ 

: :, .;, (-I /, ..2 :. ;. 

Metrication of U.S. engineering standards'is not neces- 
sary to increase'standardization, 'rationalize existing stand- 
ards, enable ,reviews;o.f existing standards to: seecwhich.are' 
outmoded and should be eliminated:or revised;:and .improve 
technology. Metrication could cause standards organizations 
and.industry to take a.more penetrating look than'.they other- 
wise might, but other eventsalso, could cause.these to'occur 
under the customary..measurement:-system; ".'. '; ; ., 

-_; ,' ,>L .., I, :',- .~. 
Metric‘conversion would resuire an evaluation-of mea-,'. 

sprement-sensitive standards. In some instances soft con- 
versions would be'made because,:it is~notipractical to make 
dimensional changes to.!the-‘itemsinvolved. .In other cases, 
new'standar.dswould.need to be'tdeveloped based. solely on 
metric terms,-particularly if .-U.S; industry wantsengineer- 
ing standards which are compatible with those used in inter- 
national trade. 

.Soft-conversion is considered iby some.to.be-a ..potential 
waste of resources because no physical change occurs inthe'., 
standard or eventual prodoct.,*LHowever, soft conversionoffers 
educational:exper%ience for standards 'writers by:familiarizing 
them with using metric units in place of the more familiar 
customary units. Standards writing organizations tend to 
favor hard conversions. .,. ., i.. 

If :c'ompatibility of U.S. and international standard,s i-s 
reguired for international trade, it appears'that adopting 
the,SI metric system.would improvethe communications in' stand- 
ards. Also ,; complete conver s’ion would el iniinate the errozs 
and -the time: required to work‘.with two measurement systems. 
However, major ,U.S. industrial'firms said that measurement 
and .engineering standards are not major factors in ‘inter- 
national trade. 

A few standards in use in the United States h.ave -been 
converted, and most of the standards organizations we contact- 
ed have established policies on’use of metric’ terms. Imple- 
mentation, of some policies is moving slower than originally 
planned because conversion is not occurring as:fast as some 
groups had expected. 

The overall costs of converting standards are unknown but 
expected to be significant--several b,illio.ns of dollars. The 

----ime-re-quired to convert a standard or develop a new standard 
varies widely depending on the interest of the participants 
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and the complexity of the standard. Generally, the time re- 
quired to develop a new standard can vary between 2 to 5 years. 
Obtaining international agreement could add from 2 to 5 more 
years to the process. The time required to convert standards 
will have an impact on the conversion period. International 
standards could be adopted, but this is not necessarily's 
viable alternative. 
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'. ,CHA.PTE.R, 7 . I r. j, 

FASTENER INDUSTRY GETS READY 

The U.S. fastener industry, which was originally opposed 
to metrication, began conversion efforts in 1970 in order to 
m-aintain its markets. Its major customers were beginning to 
move toward using the met,rric system'in the late 196.0s.. :The 
achievements and problems of this industry offer insights to 
other industries contempl,a:ting conver,sion and pr.ovide an 
example of the extent to whi'ch the p.urporte,d ben.e,f,its of- 
metrication, such as increased standardi,zation (use pf stan- 
dards) and rationalization (reduction of itemsj :rnay o,r may 
not be realized. " * ;~:' " '_ ' ,, 

'We held discussions with officials of fastener.producing 
comp,anies, the Industrial Fastener institu‘te,,-,Ame.rican Na- 
tional Standards, Institute, Federal agencies, ‘and manufac- 
turers that use fasteners in'their produ.cts. Pertinent 
documents were also reviewed. , I. ,.I: 

WHAT IS A FASTENER? ..- 
I " 

A fastener is anything which holds'two things together. 
Nuts, bolts, screws, rivets, cotter pins-,,and nails. ar,e ._ 
a few examples. (See following page.) Of these, the United 
States produces approximately two million different, types;. 
Fasteners can hold together a vast number of items. For ex- 
ample, a telephone is held together with about 70 fasteners., 
Jumbo jets contain millions; and for one model, fasteners 
costs represent about 10 percent of the plane's total cost.' 
In short, much of the nearly $2 trillion U.S. economy is, 
held'together by the $2 billion fastener industry. 

c 
E 

. 

We concentrated on.threaded fasteners--nuts, bolts, and 
screws-- because they are more affected by dimension changes. 
In these fasteners dimensions are critical, and close toler- 
ances must be met. Although generally thought of as a simple 
product, threaded fasteners are the result of much engineering 
and testing and are important to industry. Yet, most cost 
only a few cents. 

THE FASTENER MANUFACTURING INDUSTRY 

In 1976 the U.S. fastener manufacturing industry had 
about 500 companies with 600 plants and 50,000 employees. 
It produced about 250 billion fasteners. The industry pro- 
duces about 500,000 different standard fasteners and about 
1 to 1.5 million various nonstandard fasteners. 

._ 
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ers ared b&ng; used ; by' U.S,, 'manufac.turer& ,in've‘hicle 
engines, ,'p.umpsi: 2nd ,transmissions. 

bodies;' 
& .ma~qf$c&$e.r s m&r ii: 

cate ,,.,both, 'cpstomary'.-dnd metric fast&e+,& may'be 'u&ed irr.+@ro- 
ducts- for,an:extended pe,riod..of.time. .,It has been estimated 
that this .mixture wil.1 cont.inue for ,\about 8 -to:,,l,O, ,year:s in ,. i ..' .I' , ._ . . : 

: ,', 
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automobiles 'and;,farm and construction'equipment. “One, I. ; 
automobile company, used about 60- to:70-percent:metric fas- 
teners in"its 1978 passenger vehicles: -' Another: used about:'10 
to 15 percent; and- a th-ird, only'a:small Tamount.‘ : 

: '.. ., ', 
,,--.' :' 

. 
ENGINEERING STANDARDS- PLAY AN 
IMPORTANT ROLE IN METRICATION 

. . .,. .: .' -1 
When officials of the fastener-producing industry de- 

tided that fastener,metrication was inevitable,*they.looked 
to their, standards program .as the,logical place to begin the 
conversion process. Before Ithey could 'build 'a metric f,asten- 
er, they h-ad to have a metric engine‘ering standard.' : ,:, ',::, 

',: “, .::, 
Engineering standa.rds.;govern, in:,pa,rt,. the desjgn, pro:.. 

duction, Andy use of'.aproduct. Th'e;.absence of. these' stand-. 
ards would greatly complicate the tasks of'the industrial con- 
sumer in specifying his needs and of the producer in meeting 
those needs. Standards' -81.~0 provide a' meatis: f,or improved 
communicatio.ns in the marketplace and. instill a: greater con- 
fidence by establishing product uniformity.and:iminimum qual'-: 
ity levels..* ..Standards may:help lower ,p"rices by .eliminating 
,excessive numbers of 'product styles‘* and grades:.::" : .-.:i. 

\ I : / 
1 Standards- are .written by,individual companie,s, indus- 

tries ;and trade. associations ,' gov.ernment, b'odies,,. nat,ional : 
organizations, and: international groups. Unless these Stan-, 
dards are specified in a contract, bu‘ilding.code, regulation., 
or law, no one is compelled to use them. : . i 1, 

In the late 196'Os, a U.S; engineering standard for 
metr.ic-fasteners did not exist;:' however, an 'internat,ional 
standard was available. U.S. .industry.ofcfie,ials claimed.,that 
this standard contained too many sizes and thread types,.and'- 
the progression of sizes .did; not follow a.'logical pattern. '- 
The.officials reasoned, that, as: long as 'U.S. industry was 
going: to'metricate, it should-.attempt to develop a new fastener 
system which was'as>perfect as possib:le. Also,.the industry 
did not want,to give .a competitive advantag.e to foreign 
producers of metric fasteners. It was felt that the foreign 
producers would gain an advantage if the U.S. industry merely 
accepted the ex:isting international standard for metric fasten- 
ers in its entirety. 

I, ', 
The search for the optimum '. 
metric fastener system 

In 1970 the Industrial Fasteners Institute, a producers' 
trade association, conducted a study on an optimum metric 



fastener system. I,ts goal was the development of new,.'. 
metric-fastener standardswhich would simplify,fasten.er,sizes 
and styles,: reduce fastener costs, -result in technica. i-m- 
provements, and,gain n*ati,onal and international acceptanc,e. 
The Institute published a report in January 1971 entitled 
"A Study To Develop An Optimum Me,tric Fastener System." 'i ;. I 

The report recommended that a new metric-threaded fas- 
tener system be entablished. The proposed sys.tem offered 
significan.treduct,ion in f,astener sizes and ,the number of 
thread,types. ;-,In the size: range of?,1 .millimeter. to. l,O,O 
millimeter,(about 0.04'to: 4 inches), the existing customary 
and metric engineering:,~standards showed.55 and 66 sizes, r,e- 
spectively. The existing standards also provided several 
thread types-- usuall,y .one:. coarse land one-.to five fine--for 
each size-<: :,But the. p.roposed system prov-id,ed fqr ,only 25 :. 
size.s and one,- thread. p ". : 

_ ,, ,.' ,' ,.' 
In January'l971,the Industrial: Fastener-s Institute pre- 

sented itsrecommendations to 10 of the largest corporations 
in.the United.State,s; Zthe National Bureau..of. Standards, and 
va,rious g.rou.ps in Canada.. According: to. the ,Fasteners .In- 
stitute, response war; unarrimous in favor .of making a detailed 
study. It was decided that ANSI could provide a more proper 
for,um to. cond.uct-the detailed, study because the input.would 
be broader 'based with..users, .G,ove-rnment .agencies:, and .pro-' 
ducers represented; In April.1971 ANSI,.for.med the Special .' 
Study Committee.to Develop.an Optimum Fa.stener System-. 

' !j., 
The Special Committee was authorized to develop a total 

system of metric-threaded :fasteners, taking advantage.of 
opportunities (1) to improve f.astener performance capability 
through,product:r.ed,esign and the most efficient- use-of mate- 
r.ia-ls,and. (2) to reduce.the number of different sizes, series, 
grades-, types, and styles o9.fastenersneeded to satisfy the 
engineering requirements of.the:majority ofindustrial appli- 
cations. The Committee's ultimate objective was to design 
a metric fastener system wh-ich <would be:so attractive tech- : 
nically and economically that it would become the single - 
internationally accepted system of threaded fasteners. 

The Special Committee performed ,the detailed study and 
in 1973 published its recommendations. The fastener system it 
recommended also had 25 sizes with one thread type. The In- 
dustrial Fasteners Institute used the Special Committee's 
recommendations as the basis for publishing its first metric 
fastener. standard in 1974. 
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.--.._ _- __ 
New U.S i system does. not, gain w,idei,..acceptance j I Y : ,, 

,' ., :". .?' 
-A principal go.al of.the, optimum metric fastener system 

studies was to provide a single-fastener system for the 
majority of industries, to,,,use which would .be accgQted,inter- 
nation,ally. But.be&fore, ANSI'sSpecial Committ&finished its 
work,, international resistance to .the‘:new system developed, : 

.i ? :; '. 
In November .197.2, 5 monthsbefore the. U.S. re.present-a- : 

tives- formally.pr.esented.their changes to the existing inter,- 
national standards, a paper was prep,ared by ,the! Internationa.1 
Organization for St,anda.rdization committe,e members -fr,om : ,' 
Br ita.in.-.and, Germany ,enti.tled "Why Should the ,-Interna.tipn,al., 
Stand,ards,,Organizafio,n .System,.for ,Metr.ic Fa.ste,ner Thr,e:ad,s ,. ' 
be Changed?." The paper stated: that; the potential costs, '- I 
and confus,ion that would occur were unwarranted,,;the tqchnical 
advantages were minimal, and the system could h,ardly be called 
"optimum." There were complaints of protection,ism and.every- 
one h.aving to start all-over again. ?i. y 

About the same time, .the U.S.,aerospace industry deter- 
mined. it could not use the, new,metric-threaded fastenersys- 
tern because it needed fine-threaded fastener,s .and. some addi- 
tional sizes. The aerospace.industryhas since developed, 
its.,own ,system of metric ,fasten,ers%.,, :.:, 

,. 
From 1973 to mid-1977, negotiations continued.within 

ISO. At the close of these negotiations, the U.S. represen- 
tatives had essentially,withdrawn th-eir proposed changes to 
the international standard. The result is that.theiU.S. 
metric-threaded fastener standard.;w.ill ,be essentially the 
same as the preferr,ed,,series in .the.;ISO standard, which 
contains 66 sizes in the l-m.illimeter to ,lOO-millimeter 
range --29 first choices, 15.,second,choices, and. 22 third : 
choices. The U.S. standard will list only 27 of, the first 
choices. The international standard will still 'list several 
thread types for each size, one coarseand one to five. 
fine. The U.S. standard will show only the coarse thread.. 

Strength grades and head size differences 

The strength grades for fasteners in the 6- to 18- 
millimeter range proved to be a problem during the IS0 nego- 
tiations. Fasteners in this size range are used extensive.ly 
in automobiles and farm equipment. European practice has 
been to use international strength,grade, 8.8, with a strength 
capacity of 116,000 pounds per square inch. The U.S. practice 
has been to use the Society of Automotive Engineers grade 
5 with a strength of 120,000 pounds per square inch. The ,_ 
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U.S. representat,ives.,:recommend,ed adopting 'th.e ,,next higher 
international grade, 9.8, with a strength of about 130,500 
pourids,per square inch to avoid downgrading U.S. practices. . ._ .‘. 3 I .‘:,-I ,-. .:.I :, i, ?., :.. ,. 
~ .' : 'According to '2an I,ndustrial Fasteners Znstitute o.fficial, 

comple'te agreement was reache'd'on strength grades at *the -mee.t- 
ings. iThis statement..indiicates that the European representa- 
tives had acquiesced to U.S. demands and agreed to use a 
higher, strength,grad'e fas,tener.,in their ,@roducts. .However, 
it appears Ch.at --onlythe LS; automotive ,'iridustry w.ill use-' 
'the ,higher' strength grad-e.. : '.The U ;* US. -farm equipment industry . and Canadian and Eu,rop~dn,.'m!a~.Lifdctur~,r~ w'i'l-1 use the strength 
grade : 8 .a, for .threade~.x.:f~;it~d~~~~s i -? .vhe Ca~a’di:~n;-:St‘a’nd’ards : 
Association has?autioried Canadfan f~st~her:us~rs!'thdt.~~.h~ 
higher strength'grade, 9'. 8?, ma+ nd&be .j&'fier.ally 'avqil&i'e 
i,n the .rea'sonab'ly,"ne'ar ,'fufure ou,tside -~NNbr.th..~Amer,ica'. :', , ; 

,, .:I ,.',, ? ..‘_ ', f)f.', ; .?z I '., _/ , ,-:. ..:: 
U.~S. fianufd&ur-rs, may 'fitice diff'&culty .wheh ttieir; >,pr-- 

ducts are repaired overseas;' For e,x~am$-lt.e; 'a grad,e 9.8 'fas-- 
tener could be interchanged with a 8.8-strength grade fas- 
tener. However, -it is"'@%sible that ,'fa.ilures' could occur 
because of the insufficient strength, which could lead to 
liability problems, according to, fasten& "experts:, If '.fas- 
teners. in the strength' grade.:9.8 category are not .available; 
fasteners in the next higher internatkonal, strerigthgrade-- 
a 10.9 which requires an alloy steel--would have to be used 
as a re@lacem@fic' @art. ,' " j ,"r ' _. i I : \j', 

,) ,Z,.i \ ., : ,,. / >‘ ! /. i ,.' ,:' 
A major problem arose during the attempt to reachagree- 

ment on the hexagon head Tsize 'for three,'fasteners. This wa,s 
probably the mosthotly 'debated and difficult issue considered 
during the 1977 IS0 .meetings. " .Th‘e scheduie below shows the 
head s'%zes :wanted by ,the.Un&ed 'States';~ those used ,in Europe, 
and those agreed to at'the'meeting:s. I." a ). 

.: ? 
. 

Fastener 
sizes 

Hexagon' head'%izes 
Wanted-by j Used in' ;‘Compromise 

the U.S. 'Europe siz,es : 

-----------------~~---(in millim&t&rs)--------------L------- 

10 15 " 17 16 
12 18' 19’ 18 
14 21 22 21 

11 The Optimum Metric Fastener System study had shown that 
the head size fora number of fasteners was unnecessarily' 
large,. International standard sizes were widely used in Eu- 
rope, but the European representatives had in 1975 agreed ., 
to reduce the head size 1 millimeter on each of the three 
sizes. The U.S. representatives agreed to the compromise 
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sizes in the.earlier meetings, but in 1977, returned to the ,. demand for a,smaller'head forthe lo-millimeter fastener size. I ,',j ;' ,: .,,. .,i:. \ ,. ,. ,,.: J. : ', 
:The'.:1O'millimetbr size'will be an important'ssize in ': 

the automobile' industry."' The Industrial%Fasteners'Institute 
estimated?that. a l-millimeter reduction in.head size would." 
save 9,000 tons of steel a year. At $350: a ton, this would 
result in annual savings of $3.15 million. 

. . . ,. 
The European representatives would not apbrove inclu'sion 

of the,l5-m,illimeter head in the international standard sys- 
tem, but they. agreed to, attach an appendix-for expl'anatory 
and.‘, fnf~r~~tlon,:pu~~os~S. !* The a@pendixdSkated tfiai ‘j&,$‘?~~-, 

millimeter:head would be phased' out,of.production' and-use 
but, during ,an. undefined transition period, its'dimension 
would be provided in the appendix to assist,designers and 
manufacturers and to assist in maintenance and repair re- 
quirements. i. .,: " I ̂  ,- "' : " 

-; ,':~ ., '. ,; i i 
According to a U.S. fastener manufacturer,,'there is no 

provision to phase out'the'l5-millimeter head.'automatically, 
and,European“representatives,will face an'impossible task .' 
if they attempt to phase itout through formal actions in 
the near future. -The +fficial internationai standard will ' 
prescribe the,--head sizes .for'the'lO-,'12-'; and'l4-@llimeter 
fasteners as 16, 18, and 21 millimeters, respectively; u;,s. 
industries will probably use these head sizes and the 15- 
millimeter size as well.' European .industries.could':continue 
using the old sizes, adopt the compromise sizes, or use a 
combination of the two. '.' .' 

.' 
Therefore,, it, is.'possible that several head sizes could 

be used-:for.these three fastener sizes. Head sizes (‘like' 
strength grades) are ,an.example of an international ‘standard- 
which is iformally agreed'to on-paper but not uniformly ad- 
hered to'in practice. 

The effect of the standardization efforts i. .- . 
U.S. industry officials believed the new metric fas- 

tener system they proposed was technologically better than 
the e'xisting metric fastener system. However, international 
commercial considerations'made it.impossible for the pro- 
posed system to gain acceptance. The Europeans felt that 
the benefits to be derived from the new system did not jus- 
tify the expense of making the changes. 

According to an industry official, the affect of the 
international negotiations is that American National 
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Standards can be developed which are,compatible,with " : ,I 
international standards. Standards writing:committees working 
with ANSI have begun this work which may be completed by 
1980. The Industrial Fasteners Institute willrevise its 
197? metric stand,ard,.which was based on the Optimum,Metric .: 
Fastener System study, to reflect.,the outcome of then inter- 
national negotiations. 

A fastener industry official stated that the use of these 
standards is voluntary. That is, U.S.,industry does no.t have 
to use.these standards? Fastener producers will make any 
type or style of metric fastener which U.S.,industry requires, 
we were informed...,However, the, fastener industry,would:prefer 
that.the nek,metric fastener standard be used because,.;this is L . how the benefitsof. conversion 
ization-- 

--standardizationand,rational- 
in products w:ill be realized. '. , ., a : _, ,: ',; 

,_ -. . . .' f 
,The fastener industry anticipates.that in the beginning 

of the conversion there would be an increase in the total 
number of different.standard fasteners producedt,an increase 
from.about 5.00,OOO to about 7O@,OOO standard items. Even- 
tually customary fasteners would be.replaced by metric fas-, 
teners, according to a fastener industry. spokesperson. The 
industry hopesthat by the end of ,the conversion period, the 
total number‘of different standard fasteners produced would 
be about'300,OOO. ,' 

METRIC,FASTENER DEMAND AND PRODUCTION 

'Estimating metric fastener needs is difficult, according 
to an official of a large U.S. fastener producer. The market 
has been very tentative. Except,for the automotive, market, 
there has been little. demand for metric fasteners. .,:Producers 
an,d customers interested in converting have awaited.the ,. 
outcome~of. international negotiations before producing and 
stocking the metric fasteners recommended.by the Industrial. 
Fasteners Institute. 

Fastener producers said they generally did not have any 
major.problems in making:metric fasteners. Generally, metric 
tooling, such as drills, taps, rollers, and dies, are all 
that is required, and these are.available. Since tooling 
components have a relatively short life,,it is not difficult 
to phase in metric tooling. 

Several producers told us that when makin,g,fasteners 
ordered in metric units, they converted the customer's engi- 
neering drawings into the equivalent customary units; made 
the items, and showed,the metric units on shipping labels. 
Most fastener producers we contacted said they will make 

- 
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anymsize fastener ordered--, cu.stom:ary :or ,'metr ic.+with.in the . 
limits of their equipment,as.long a,s they can- read the en- 
gineering drawing and make a profit on the, sale. 

~ ., 
: F:astener- producers are 

i : 
re1uctan.t ,to:.sloo.k,:rnetr.ic: ias. 

ten,ers.unless demand is certain. An offic.ial of-one,com- ". 
.pany told usthat he had stu.ck his::neck out and stocked 

six metric size,s in 24'1engths.. The'stock included five 
lengths,of. the 6.3Tmillimeter fastener which was one of the 
U.S.-proposed,sizes,,that did.not.gain inte.rnational accep-- .' 
tance. This size was being used by a major automobile 
manufacturer in its 1977 and 19:78 models. : However, the 
automobile manufacturer has dropped it for future models. -' 

,' ,. ,,_' 
~MI~MATG~N~ CUSTOMARY AND METPIC.; 

,' : 
._. .i ? _L. 

FASTENERS MAY, CAUSE PR,OBLEMS,., ., _ ,. ,' ! '. ,. ,. b ', 
As manufacturers begin to convert from-customary%o. : 

+metric fasteners,,.a number of problems are, anticipated. ,-The 
more serious,problems.are expected inthe~repair,~and mainten- 
ance areas, primarily because of identification,problems le.ad- 
ing to..mismatching customaryrand metric fasteners. Identi-' 
fication problems are.not new, and some steps have been 
suggested to overcome them.' : I. 

^. '.' ,,,. : 
As manufacturers convert, both customary and metric 

fasteners may be used in a product. It has been estimated 
that this mixture will continue for about-8 to,10 years for 
automobiles and farm and construction equipment. : 

1 ". :: 
Original equipment manufacturer's:have few problems 

differentiating between customary and metric fasteners, .but 
persons who repair equipment have more problems.' :Fastener, 
installations by the original equipment manufacturers are 
done under relatively ideal.conditions., Bowever.,. when main- 
tenance is-performed, fasteners are often_installed under 
conditions where they are not easily identifiable; and hand 
tools are less sophisticated, such as those used by an in- 
dividual repairing an automobile at home. 

Some steps have been suggested to overcome the identif- 
ication problems, such as color dyeing the metric fastener, 
putting an I'M" symbol on it, or placing a distinguishable 
mark on it showing its strength levels. Use.of ,a distin- 
guishabl,e mark showing strength levels is probably better 
because the color dye is.generally notdistinguishable after 
use and an "M" could be confused with a manufacturer's trade 
symbol. Aiso, the head markings, which in.dicate strength, -_ -- 

I- 
t -  

Lo- 
i 

are different.for customary and metric fasteners. For 
example, a customary fastener with a tensile strength of 
120,000 pounds per square inch has 3 radial lines stamped 
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on its head,' but a metric:fastener with a tensile strength 
of 116,000 pounds per-square' inch is stamped 8.8. 

' ,, .I 
It is virtually impossible to visually identify some 

siz,es-of customary-threaded fasteners from similar-size.met- 
ric fasteners. It is possible to mismatch 36 combinations 
of custoniary- and metric-threaded fasteners. The..result could 
be either stripping during assembly or full assembly with 
25- to 60-percent,loss in.load capacity. Thus; the.accidental 
mismatch of fasteners could result in fastener f&lures. 

OVERALL'CONVERSION COSTS ARE NOT KNOWN 
: (2 'j : 

An overall cost estimate was not available on what it 
would cost the fastener industry to metricate. .,We were told 
that the actual costs were proving,'to be much less.than the 
originally anticipated figure of $2 billion. One major 
producer,of automo.tive fas'teners, however; ,estimated a 7- to 
8-percent increase in costs due mainly,to the need'to increase 
inventories (customary and metric) and the shorter prod.uction 
runs which would result.' Another estimated its'cost to be 
$1.6 million over 5 years as follows: 60'percent for in- 
creases in inventory, 30 percent for nonconsumable tooling, 
and 10 ,percent for employee training. One user reported 
that metricfasteners cost an additional $8 per thousand 
fasteners; 

f 
There is general agreement,that new production equipment ,.. . 

will not have to be purchased for metrication of fa,steners 
because the existing machinery can accommodate metric tool- 
ing. The tooling-- customary or metric--which shapes the 
fasteners is part of the normal production costs because it 
wears out during production. 

Some companies stated.that metric conversion costs esti- 
mates are overstated and that actual costs of converting are 
much less than estimated costs. Others have stated that there 
should be no cost differential for metric products. 

WILL CONVERSION MEAN MORE IMPORTS? 

Imports of fasteners have increased significantly during 
recent 'years. In l-971 when the optimum metric fastener study 
began, the'Department of Commerce estimated that with a con- 
version, imports could continue to increase. 
however, 

The industry, 
was more concerned that imports could increase 

dramatically if U.S. 
Also, 

industry converted and they‘did not. 
it was believed that imports would be less if U.S. 

industries adopted the proposed optimum system rather than 
the international system. In January 1977 imports accounted 
for about 17 percent of the total U.S. fastener market. For 



nuts, bolts, and ca$.%crews,, imports'amount'to about 54'peri 
cent of the U.S. market. ;-Fastener "exports represent about 
7 percent of production. '. . . i. '. 

Industry officials hoped to reduce. further losses,of 
their markets,'but some feared'metricationand international 
use, of 'the U;S. metric -‘fastener s.tandard's. will- allow foreign 
manufacturers to .'further increase their ,sales,in"the United' 
Stat,es~: One,manufac,,turer told us that instead of- the 'foreign 
producers having to, maintain'dual inventories, th'e' burden may 
have shifted to the United States. 

Increased imports of fasteners may not be a concern to 
large industrial firms who use fasteners. We asked firms 
listed in the Fortune 500 Industrialists (see ch. 5) whether 
they would expect any change in the importation of fasteners 
and/or other components for their company's products if their 
companies converted to the metric system. About 83 percent 
of the respondents. said they anticipated no change in imports 
if they converted. Also, of 17 motor vehicle industry re- 
spondents, 16, or 94 percent, replied that they expected 
no increase in imp'orts if they converted. 

CONCLUSIONS. 

The Fastener Industry's experiences show that increased 
standardization and rationalization benefits attributed to 
metrication are not easily attained. After 7 years of 
efforts, the industry was unable to convince U.S. industries 
and IS0 members to accept the new U.S. metric fastener'sys- 
tern. Therefore, U.S. representatives to IS0 decided to adopt 
only a portion of the IS0 metric fastener standard, and 
complete international standardization was not achieved. 

It is too early to predict whether rationalization in 
fasteners will occur. The acceptance of the new system is 
voluntary and no industry is compelled to accept it. The 
proposed U.S. metric fastener system offers fewer sizes and 
thread types than the existing international metric standard, 
but it is the fastener users and not the,producers who dic- 
tate the number of sizes and styles produced., Thus, if 
rationalization is to be achieved, fastener users will have 
to adhere to the proposed system. 

The demand for metric fasteners is very tentative, with 
the automotive industry buying most of metric fasteners. Pro- 
ducing metric fasteners is not a major problem for the U.S. 
fastener industry. Generally, the industry anticipates some 
increased costs in conversion, but no overall cost estimate 
has been made. Identification and differentiation of certain 
metric and customary fasteners are likely to create problems 
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during repair and maintenance,qf prqducts. 
to these problems,are being proposed. ‘j 

But some spluti,ons 

RECOMMENDATION TO THE CHAIRMAN, U.S. METRIC BOARD 
: ,. 

Under the current nat.fonal policy, we recommend that U.~S. 
industries interested inconversion be $nformed.of .the U.S. 
fastener industry's.progress .and pr.oblems in its attempts.' .., 
to achieve (1) adopt-ion of its proposals :for .internation,,al 
.standards and (2.) increased stz$dardization and ra.tiona*li-za-, 
tion. , : 1 
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CHAPTER 8 .,. .- 
MACHINE TCOLS ARE-ADAPTABLE 

tions 
We discussed metric conversion with industry associa- 

and selected manufacturer:s. They indicated that 'it 1; " 
would entail some.increased costs but would also produce 
some benefits. The change would not: create much difficulty ', 
for the machine tool manufacturers nor for the machine users. 
Most existing machines, if 'no-t‘already modified;, can usually 
be modified at relatively'little cost to produce-din' e:ither 
me-tric or customary units. .', 

THE 4MPORTANCE OF MACHINE TOOLS : : ,,, : i ': _,' 
I_ .a _.' , ,,I ,'. :..:, . . '. . '. 

Virtually every segment of-the economy, particularly 
manufacturing, either uses machine tools or relies.on some 
product(s) produced on a machine tool. The machine tool 
industry is considered a basic industry. .' 

The National Machine Tool Builders' Association has de- 
fined a machine tool as 

"a power driven machine; not portable by hand, used 
to shape or form metal by cutting, impact, pressure, 
electrical techniques, or a combination of these 
processes. ” 

Lathes, drill presses, 
machine tools. Machine 

and punch presses are examples of 
tools can range in size from a few 

feet to over 90 feet long. 
$10,000 to $3 to $4 million. 

Prices will typically range from 
Machine tools are produced in 

small lots of 5 to 100 at a time or, in many cases, are built 
on a special order basis (one of a kind). 

Machine tools have a long design life; they tend to be 
revolutionary, not evolutionary, in design. Therefore, a 
design may be around for 20 to 30 years without undergoing 
major changes. The machine itself has a long life, up to 75 
years in some cases. It is important then, that the parts 
used in the machine be, standard-type parts that will be avail- 
able for a long time. For example, the standards for metric 
fasteners have not yet been finalized in this country. If 
a manufacturer selects a metric fastener today, he may have 
to supply a part for the next 20 to 75 years that may not be 
in accordance with the accepted standards. 

MACHINE TOOLS ARE ADAPTABLE 

There is a distinction between a metric machine tool and 
a machine tool with metric capability. A machine tool with 
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metric capability can produce a product inmetric units ,- 
irrespective of ~whether its parts--screws, bolts,.nuts, etc. 
--are .metr.ic or customary. Conversely, a-metric,machfne tool 
is built with metric parts irrespective of whether its pro- 
duction capability is metric or customary. : ,: 

/,; ,' 
If metric parts are to.be used in manufacturing machine 

tools, it will usually be when a new machine is.being devel-, 
oped. Changing existing designs from customary to metric is 
considered to be an unnecessary expense. .I 

The users of machine tools are concerned about,the im- 
pact conversion will have on their businessesW The National 
Tool, Die & Precision Machining,Association--whose members 
use machine tools-- 
ing metrication. 

has. conducted two similar surveys concern- 
The first survey was conducted in 1974; the 

secondi in 1977.; The respondents' main concerns,about,metri- 
cation were employee training'-andmachine ,tool conversions;.: 
The respondents were especially coricerned.,about how a,machine 
tool could be converted and what conversion. would cost. 

L 
The.options,for:converting‘machine tools from customary 

to metric .capability.or to dual capabi,lity can range from, 
simply replacing the scales on the measuring devices to com- 
pletely replacing the feed mechanisms and measuring devices. 
However, the latter case is rarely required. Many convery 
sion kits are available forvarious machine.Utools. The 
key is that a machine tool 'is adaptable to produce in any 
measurement system. 1. 1: 

., 
The,conversion process is commonly coupled with,an over- 

haul or a general upgrading of the machine. When the machine 
is being overhauled, 
features, 

it is commonly upgraded by adding new 
one of which is numerical control. 

. 

which 
Numerical control is the term used .to describe a system 

electronically controls a machine'sfeed mechanism,and 
provides digital readouts. In recent years this feature has 
become more common on new machine tools.' The conversion of 
numerically controlled machine tools to metric capability..is 
simply a matter of changing the machine'cs'programing. The ":, 
newer numerically controlled machine tools generally have the 
necessary electronics built into them so that either customary 
or metric capability can be 
to the.desired-mode. 

selected by flipping a switch ,. 
.' 

Installing dual reading scales, gauges, and dials-is 
less expensive than adding numerically controlled equipment. 
In most cases, installation isrelatively simple and can 
be performed by the machinist or toolmaker. However, reading 
dual measuring devices tends to increase the potential for 
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error. Metric-only scales avoid this possibility+but.their 
use is -presently limited in this country,because most orders 
for products produced on machine tools are incustomary units. 

.( 
The National Tool,.Die & :Precision Machining Assoc,ia- 

tion's 1974 survey results showed that the types of conver- 
sion'options being used or anticipated by the respondents 
were in descending order: ' ". 

Conversion options Percent- 

Dual-reading dials, scales, and'gauges 37 : 
'Digital readouts' ,31 :. 
Dual dimensioning on printsonly 19 ,,"' 
Metric-only dials,.scales, .and ;gauges i 13 

., ,.i. ,. ,.' 
The,,Association's 1977 survey results showed that.51 

percent of those responding,have some-of their machine tools 
equipped, for metrics; Four percent have metric capability on 
all or most of their machine tools'. 
most recent machine tools, 

When purchasing,,the.ir 
nearly 40 percent of the respond- 

ents have been specifying metric capability,:.and 66 percent 
reported that future machine tool purchases:will have full 
metric options.. ~ . . ',. 
THE MANUFACTURERSOF MACHINE TOOLS 

: I.. ,, ,. 
. f  . !  

The companiescomprising the machine tool industry are 
mostly small businesses with sales in the $,l millionto $10 
million range. A machin,e tool company normally produces a 
narrow>range of products,,' specializing,in certain types of 
,machine tools. ;' 

Metric activity I 

The status of,metrication in the machine tool industry 
is mixed. 
metric; 

Some companies are designing new products.in,'hard 

happen. 
others are-saying that metrication is not going to 

For years the industry has been exporting machine 
tools that.produce in -metrics but are essentially customary' 
inrdesign -and construction.. Before the design ,and construc- 
tion of machine.tools with metric parts. will occur, there' 

: will need to be more pressure from the industry's customers.. 
According to officials of those companies making.metric.ma- 
chines, they are not doing so because of immediate savings; 
they are .converting because they view themselves as leaders 
in their industry. They intend to project that image by being 
one of the first to be involved with metrics. They also feel 
that conversion is inevitable, and consequently, any addition- 
al costs now will pay off in the long run by giving them a 
lead.on their competitors. .I. 

II 
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Inventories " 

Because machine tool companies often supply repair par-ts 
to'their custom'ers over the life of a machine' and some ma- 
chin.eshave lasted as long as-75 years, they will need a dual 
inventory for a'long period if ,metrication occursi 

; " However,, anrofficial of one firm told us thatas long 
as the entire -industry converts at about the same,time;" dual 
inventories should not be a problem to a machine.tool company, 
from'a cost standpoint. The additional costs would be aLcorn- 
mon'phenomena throughout theaindustry and 'therefore couldbe 
passed. ori'to'the customer without the company'losing itscom- 
petitive advantage. 

'. -/ 
Training .I :,: :. '." " ,_ 

Little employee 'training has occurred in ,the metric 
system, although many have been .exposed to it. 'Training,,is 
not considered to be a difficult.problem. Generally';it is' 
agreed that some training is needed with attention given to 
teaching what the employee needs for use on the job. ::. 

Exports and imports 

Conver'ting to the metric system is not considered-to 
have..m'uch, ,effect on exports,,or'imports. The governing fac- 
tors for selecting a machine are such things as quality, ' 
price, and capability'of the machine. ( ._ 

: 
Advantages and disadvantages :.,. .( 

Whether, the advantages of,conversion outweigh the 'costs 
for the industry cannot"<be-.readily determined. According 
to an Association official, the main advantages to metrica- 
tion would be the elimination of fractions and the ease of 
communication. The elimination-of fractions would be,only 
a slight advantage because much of the industry already uses 
a decimalized inch. A company official told us that conver- 
sion would make it easier for companies to communicate with 
foreign -customers 'about designfeatures and/or engineering- 
problems. The potential for uniformity throughout a company 
with overseas operations.would provide it,with greater design 
and production flexibility. 

The disadvantage most frequently mentioned is the cost 
of conversion; however, we were not able to obtain any esti- 
mates of th,e industry's conversion costs. But, according to 
an Association official, if the conversion process is well 
thought out and conversion is made over a,period of time, it ' 
will not be cost prohibitive to the machine tool industry. 

i- 
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TOOLING FOR MACHINE TOOLS ./ 6. .' . .,. ,, 
The tooling--drills, taps,, reamers, milling cutters, 

abrasives, etc.-- <.shapesthe end products'produced.'on .a.ma- ., 
chi.ne tool. A company official told,us that qbtainiqg tool- 
ing for metric ~operations should not be, any,more~dif:ficul,t 
than obtaining tooling required for customary operations and 
that costs of common metric items are,.,n,ow approac,h,ing- those 
for comparable customary ,items. Because,,the, tooling.compon- 
ent,s have.,a -relatively short life, it is, not:difficult,-to ' 
phase in metric ,tooling. Tho,se whio will .b,e,.producing to ,both 
customary.and metric .specifications wi,ll find it:nec,essary.<.to 
have a,me,tho,d of identifying customary,and metric :toolsi .: '. 

“I “’ . ‘1 

Some metric tooling in this country,.such"as tap's..and 
drills, are not made completely metric because they would,,,n,ot 
be interchangeable in the customary chucks and holders used. 
here. What counts is that the "working" part.is. metric,; con- 
verting the'machines to accept a "108, :percent" me:tric ta,p or 
drill would be both expensive,and,needl.ess at thistime., 

; I,,, 
CONCLUSIONS " < ;. .' '. s ,, '. 

Machine tools can produce the same quality,of products: 
in either the customary or metric system. Most .machine too1.s 
can be easily converted to produce in ei,fhe,r customar:y or met- 
ric units irrespective of whether their .parts.:are'cu,stomary, or 
metric.. Therefore, the firms using machine tools.,:should ,have 
little trouble in converting once..their operators, are, trained 
and become familiar with the metric system. 

n . .  .  

Those who are designing machines with metric partsat 
this time appear to be doing.so because' the.y believe.c.onver- 
sion is inevitable and they,intend ~to,be among the leade-rs in 
metrication. I . ,.. 

e ”  

To keep.the:economic impact to a+,minimum, t,he machine 
tool industry woul,d.prefer to convert.to the..production of, 
metric designed machines over a relatively.long periqd of. 
time in.accordance with normal replacement cycles. H'owever, 
the, industry is dependent on.meeting its customers' demands 
and will.convert over a shorter period if .the demand is there, 
but at a greater cost. ., . 
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CHAPTER 9 '_ ,. 
WEIGHING CONVERSION OF THE SCALE INDUSTRY 

Although the scale industry is,relatively small,,its 
products are highly visible and important in any attempt to 
c,hange the system of weights and measures,used.in .the United 
States. 
scales; 

.Probably no other equipment is used as broadly as 
almost every product is weighed many times asit moves 

from the raw material state to finished form. 

The scale manufacturers we contacted hid.not an~ticipate 
an increase in domestic sa,l.es or service 'as a result .of',met- 
ric conversion because they believed ,customary scales,would 
be phased out through normal attrition or not at all under 
a voluntary progr,,amti,, U.S. conversion would have little, if 
any, effect on scale exports. 

Adapting some customary scales in us,e to read in metric 
would not be difficult or ex,pensive, but some costs and man- 
power would be involved. For other scales in:‘use, conversion 
would be costly and, in some cases, not economically feasible. 

The scale manufacturers did not consider manufactking 
scales that read in metric but have customary-s,ize pa,rts'to 
be a problem. Metrication of engineerinq and production 
equipment to produce scales with-metric-size parts could be 
very expensive and would offer no benefits except for 'some 
possible standardization and reduction in the number of scale 
parts. 

The manufacturers' customers would bear the costs of 
replacing customary with metric scales and converting scales 
in use without receiving any apparent benefits. The costs of 
metricating engineering and production equipment would also 
be passed on in the form of higher scale prices. 

If a decision is made to convert scales, an effective 
conversion program for the millions of scales in use, par- 
ticularly with respect to retail scales, would probably re- 
quire some type of mandatory conversion with timetables. In 
the absence of such a requirement, retail scales may never be 
converted because retailers have no economic incentive to con- 
vert them. in the United Kingdom, Australia, and other coun- 
tries that have been involved in conversion, it was necessary 
to require the conversion by enacting needed legislation. In 
some cases financial incentives were provided. 
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THE SCALE INDUSTRY' 'I ,k' i 
i' .' d. ._ '. .:, 1 '.. ,, : ; ,t i 

--'.Millions of:scales.-are used inthe,United:Statesi such.: 
as.:ifi ,:sfor&s, ~factor'ies,?prbcessing.plants, transportation::.j: 
and storage facilities; farms; offices;.and;.homes. The ,:types 
,of'scales:..by..function-include household; baby, person weigh- 
ing;",!postal; retail store, industrial; truck, etc. 
ferent scale designs are in use. ,They may>be-simple 

Many dif- 
balance 

or sophisticated, -automated, and electronic devices. 
industries and commercial enterprises, 

In many 
scales have become the 

means for automatic control of the processing and hand.ling of 
materials and; in some ,cases,.the:means.of controllingan au- 

.-~tomated~;Jfactory..,. The most.svisible,to the public are postal" 
an,d.,retail store.scales: ' " 'II r 1.1 / ', i ,' 
: 1 ~ ..: .,._ ., ':I,, .' ,.. '! ‘,,' -. ,, 

"- ,.‘. In 1975, therewere.. scale.~manufac~turers employing,about 
.: 6.,500 ,people, of ‘which.,4;000 were, production ,workec,s;,, 'The 

latest'ava.ilable *estimate ,of industry sales::was?for. 1975 -wh.en 
d:omestfc sales were about$126.million*-and>exportsrwere.:about 
'$,ll million; 
industry,. 

Canada; which-has no-retail scale manufacturing 
is the :laigest.single importer of US.-scales.':: I 

: . . . . " 'i :. ‘I 
Metrication of scales would involve two levels of ac-' 

:. 

tivity: the manufacturing level and the field or user level. 
Scales used in commerce'to determine weights of items, for sale 
are.r,egulated, by law;' 1This'frequently involves the inspection 
and, testing of,'-:the ldevices as wel,l ,,as the quan.tities of th;:e 
commodities. ,Metric ,conversion-;at ,bothv levels woul-d :b-e great- 
ly' affec,ted :by how g?overnment regulations are 'converted.- % .' ,. ̂  '. ', : : 

We discussed metrication with representatives of.several 
small and large manufacturers and the Scale Manufacturers As- 
sociation, _ We also discussed it with State weight and measure 
organizations, the National Conference on Weight-s and-Mea- 
sures, and large retail food stores. 

,._ .~. 
Discussions were held 

with the National S.cale :Men' s Associa-tion, Amer,ican National 
Metric Counc,il's Weights-and .Measures Sector-Committee, and 
Federal.and Canadian officials. Pertin.ent documents were'also 
reviewed.. . 

In examining metrication of the scale industry, it is 
essential to make a distinction between producing scales that 
read in metric terms and ?metricating' engineering and plant 
equipment for--the design and production- of scales with metric 
parts. :. i I, 

STATUS OF METRIC 'CONVERSION _ ', 

None of the scale manufacturers we contacted had plans 
to convert to a'predominant use of the metric system. Produc- 
tion of scales :that read,in metric and conversion of existing 

s 
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scales will be undertaken when requested by,.customersr. 
State weights and measures departments had no"plans to change 
their lawsand regulations to-..$require the sole use of the 
metric:system'.in commercial-weighing. ' Their.:metric testing- 
,capability"will ,be increased if~.a greater number of'metric- 
reading scales are,in use. Few.customers of.-the- scale indus- 

try have expressed ,an interest in buying metric s,cales::or con- 
verting their existing,scales. 

', .‘ 
-Manufacturers .I 5,' 

: / ', i '_, ,, . . '_J, _.. ,. Id,' -4 
,Al,l the scale'manufacturers.had produced some metric-, 1 

reading scale.s.::for the domestic market: orexpbrt. ,Some,scales 
have the capability to be read in both.metric..and customary;X 
The design, engineering, and production of these scales, how- 
ever,,'were:performed in the customary-system;.: Metric scales 
are .generally:used in.scientific and,.research laboratoriesand 
to,;some,extent i,n U.S. industry. Some,.physic.ians :also usZe g B 
people:weighing,scales that givelweights in:Gmetric. .One .scale 
manufacturer was producing a Ythink metric". scale .with'a dial 
showing both the metric and customary weight. ,Customary '. 
scales, however, are predominantly in use in the United 
States. 

_, :  

3 f 

-None.-of the firms we contacted had.plans to convert to 
-':-the metric system in terms of scale indicators or desig,n 

Representatives of a large multinational manufacturer said 
,that the firm hasa long-terms commitment to convert its:opera- 
tions .to metric,; but any plans to,metricate would have to be 
economically justified to the parent company. Some kits 
(parts, etc.) needed to convert scales to read in metric are 

,available.. *, 

Industry.associations . . ), ;L ,. 

, The Scale Manufacturers Association is a: nonprofit or? 
ganization established in 1945 ,to provide .forcoordinating 
the, efforts of owners and users of ,scales and scale- manufac- 
turers. Twenty-two of the 92 scale manufacturers are members 
of the Association and account for about 75 percent of total 
industry production. : 

The Association provided da&for the 1971,National. 
Bureau of Standards metric study and.had a metric committee 
until recently. It supports U.S. conversion, but, at the. time' 
of our study, was relatively inactive with regard to metrication. -. _ lt was serving as the secretariat of'the ANMC Weights and Mea- 
sures Committee. 

The National Scale Men's Association is a nonprofit organ- 
ization of more than 1,300 manufacturers, dealers, users,. 
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weights an,d+me~a,sures o,fficials, and suppliers of related 
ponents,;,;t~~'~~h~,:~cdle and; yeighing systems ,industry of .the 

com- 

UnitedStates ~and~.~;~~,nada.~ .The general objectives.of the 
Associa~-ioni,"~r.e., to (l:cApromote. the knotiledge and:,a&lication 
of scales, and -.&a legislation, that-.vill improve 'weighing prac- 
tices add,~:(2),:-se.t.:,,up~;performa~~ce standards for scale. servic- 
ing, selling,"and use.' .i 

1 j : ,': -:-:. ;. /(. .: .,*; i':. .,_'Y _ ,. : 1 I. ;, .: 
The' S'ka~l& M&'.s 

,'.. 
dssbc$Ltinn ' did ,’ not’. htive a .ntil ‘i.cv on 

metri 
---‘- - - -r--- 

.c' &nversion.:.a~nd lh'ad 'not u,ndertaken any me,tric studies 
NFS; metric st,udy. '.:IIt had been 

C 'i'nputting. on 'a$ series of -metric work- ,," ., ,, ,,..I 
~"successful,.because there 
pmpne 1' ., ,,.' 

.&g 'commerce is qenerally 
,;a -  o , : , . .  ‘1 8’ 

a State.:. 'and loca‘l.. go‘ Governfieht pr+de&'f:he. -i ., 
:and&d's 

_r'.: The;,,:$ederal 

weights and measures are bised.' 
on which ‘all 

The United Statesis th e only 
technologically advanced Nation in the world'with weights and- 
measures regulatory programs legielated'-and administered at 
the State and local level. There .are‘,,about 775 St,ate and 
local jurisdictions that have regulatory authority::for the 
enforcement of weights and measures laws and regulations. 

* 

In our questionnaire.& State governments (see. ch. 23), 
we asked whetherthe use of me‘tric-reading scalesfor weigh- 
ing consumer goods was lega, in the States. FortyLtwo States 
responded as follows: : ,.,, 

0 ‘, 0 ‘, 

Yes,. Yes,. with no restrictions-. with no restrictions-. 

Yes, Yes, af.ter obtasining‘ State ,-,. af.ter obtasining‘ State ,-,. 
..', ..', authorization authorization 

‘Yes, ‘Yes, with certain restrictions with certain restrictions .,, .,, 

.,'ho .,'ho 

'26 

.' 4 

; 

1.1 - 

$2 - ', ,., '. 

Thus, scale conversion would require changes in the laws of 
at least 11 States. In addition, the technical specifications 
and tolerances governing,scales ,in all States are generally 
expressed in customary terms. Although this alone does not 
preclude the use of metric-reading scales, it,makes it more 
difficult, and it is understood that.the laws and regulations 

Total ' ,' 

*- 
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,sOne State wasin the last stages o.f developing a,-metric 
code ,for regula.ting scales. The new metric code would, be 
used simultaneously with the customary,code until customary- 
reading scales are phased out. Nearly all the other States 
are waiting for development and-approval by the .National Con- 
ference on'weights 'and Measures of a metric Handbook, 4.4.:, The 
National .Conference's Handbook 44, ."Specifica,tions, Toler- 
ance s ;' Andy Other Technical RequiDements fo,r Commercial! Weigh- 
ing and Measuring Devices," is.a voluntary modelcode that is 
used.widely,by the States in the formulation of their 'own : 
codes." .' ', 8 _" . 

., 
The National Conference on Weights and Measures is an 

organization of State .and.local we,ights, and me%asures,,officials 
formed in 1905 .to develop model weights andtmeasures laws and 
regulations, of which Handbook, 44 .is'one. ,'"It is'sponsored .:' 
by the NBS Office of Weights and Measures which acts as secre- 
tariat. 

The National Conference created a Metric Planning 'Com- 
mittee in.1973 to assist State and .local officials and indus- 
try, representatives. The purpose of the'committee was to de- 
velop guidelines for the proper use of the International System 
of Units in the marketplace. Standing committee.s, of. the'con- 
ference were ,asked to review the'ir publications, for the purpose 
of'eliniinating any obstacles to use of. the metric.,system. 
These publicationsinclude model State-laws, regulations, and 
handbooks governing weights and measures devices and practices, 
and have been or are being revised to provide for the use of 
metric measurements and to set forth .requirements if the metric 

-system is used. The-most important of these to the scale 
manufacturers and weighing regulatory officials, -Handbook 44, 
,has not been metricated: 

The National 'Conference had'called for the development 
of a hard conversion of Handbook 44 to be completed by 197'9, 
but later decided to drop the target date for its completion. 
An official told us that the date was unrealistic and had 
been adopted only to effect a serious attitude toward metri- 
cation to the scale industry and State and local weights and 
measures officials. The NBS Office of Weights and Measures 
is working on conversion of the handbook to remove restraints 
on. the use of metric units. Office of Weights and Measures 
officials anticipated that an approved metric Handbook 44 
would be used concurrently with the present customary edition 
for some time. The National Conference has not made a deci- 
sion on whether the metric handbook would be a separate docu- 
ment or combined with the customary edition. 

of all the States would have.to ,be converted if metrication 
is to take place:, .; 
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Metrication of scales used in commerce would also re- 
quire that State and local government weights and.measures 
officials have the training and equipment to test and approve 
metric-reading scales. In 1965 the Congress ,appropriated 
funds‘for new State weights and, measures standards.- The 
States were provided with. new sets -of standar,d.s and laboratory 
instruments, both customar-y and metric. Although,the States 
may have adequate metric,capability,in their laborato.ries, the 
capability .(expertise and equipment.) ,.for field testing of 
scales varied widely. One State official' told. usthat..the 
State. has full field testing capability. An o.ff,icial of I 
another State indicated- that the State.had,no~metric. field. 
testing capability and no.current need. Because few metric- 
reading scales were in use, the States generally did not need 
metric capability. 

.THE SCALE. INDUSTRY ANTICIPATES.NEITHER AN. 
'INCREASE IN DOMESTIC SALES NOR ,EXPORTS 
AS A RESULT OF METRIC CONVERSION , " ,' 

" 
The possibility that the scale industry would benefit 

from metric conversion due to a resultant increase in sales 
and service was disputed by industry representatives. The 
industry probably would increase domestic sales if conversion 
of scales is made mandatory within a shorttransition peripd. 
Otherwise, metric scales, if purchased; woulddbe purchased:.as 
old customary scales ar.e normally replaced, and conversion 
kits,and services to adapt existing, scales ,would'not be.need,g 
ed. Electronic computing scales that have.dual capability or 
are rather.easily converted are corn-ing into :greater,use. ,They 
are expected to be prevalen,t within the next 10 ye:ars: 

Although scale manufacturers generally -considered :metric 
conversion to be inevitablef spokespersons for two of the larg- 
est manufacturers told us that conversion is not imminent, and 
retail food scales may never be voluntarily converted to met- 
ric because retailers have no economic incentive and thus lit- 
tle interest in converting them. It is possible that retail 
scales will be designed in, metric and built with metric parts 
but read in customary weigh-t. 

In Canada weights and measures laws, which are under the 
authority of the Canadian Government, will b.e.changed to,re- 
quire conversion. The conversion of retail food scales will 
be subject to special tax measures which' will relieve some of 
the financial burden on the retail food industry. The import 
duty and Federal sales taxes on conversion kit parts will be 
exempted., For income tax purposes, the conversion costs can 
be expensed in the year they are incurred. 
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'> Ney metric, .retail lf'ood, sc,ales rto replace .ex,isting custo- 
mary scales are subject to half the no.rma&;.Federa~l sales ta,x 
rate and can be written off in the year they are purchased. 
Canada ,ha.d. no experienc,e,, with, this ,prog,ram:,at ,.,the. t.ime of 
ourstudy,because the-conversionprogram for..scales had.not 
begun. 7 ; :, .(. .' .' : : ;, 1 

,!. '.,- ." i:,# :_ : '. ‘ / 
,,,,Th.e:,scale man,ufa.ct~urers anticipated no increase in : 

,their,exports because of U.S.. ;conv.ersion. .,:The system of: 
measurement 'ha.s -littl-e , ,.,if< anyf. impac,t on aextiorts except .th,at 
the. :scale must u~su,~l.l.y:,-re,ad <in< the ,:measuremen,t systemof .th.e 
importing. ,.count,r!y,, : &sto,mary .s,cale par,ts 'and .,fasteners- a:r.e .~, 
neit-he:r, a restric.t;iq:n on sales, abroad nor .,a probclem to for- 
,eign :cusfomers! ~e,~,.auSe:;mai~ntgnanc:,e, and serv,ice,. a.re \usually: 
p,er,frmed: ,by th,e manufac:tur,e.r..:P 2.8 A,change ,imthe readou't: is 
a minor adjustment. 
as import tariffs., 

Quality; p.ric.e, ,a.nd, trade ,,barriersi-:.such 
were the important factors in international 

trade: of scales. ,,Metr,ic co,untr&es export scales that read in 
customary,,to .,the;,Uni.ted,. States,;. '.: ".- :, . ',. ‘ '. 

_. ,i ,s ‘. _: " . /:.. 
l?!xcept fo,r .the ..readouts; scales -produced. for foreig.n ), 

~..; 

markets, with the exception of those for West Germany, are 
the same as those produced,,,f20r the.U.S.' marklet.;, West: Germany 
has certain design requirements that make. it necessary to 
produce, di,fferent scales.' , ;According t'o .indust,ry crepresenta- 
tives,:. these I standa,rds can, e.asily be, rnet,.~~:~ Th.e real 'problem 
invqlves their .lengthy Brototype a,pproval,..system., '.. 

, . .  ._ :  , .  ;  

.METRIC-,CONVERSI.ON :AT:THEi -MANUFACTURING LEVEL-& 
.i, ‘; 

.;; I ',:- ,' _- 
.:.M,etric conv-e&ion at the ,manufacturing level 

,- 
involves,"'two 

.dis,tinct degrees of actbii,ty.!. .,.Th!e first and simplest is the 
production of scales t,hat.. read,-in the ,met,ric sys"telm. ,The. sec- 
ond ,is the ,me,trication ,of:. engi.neeri;ng and 5plant equipment to 
produce metric-size. s,cale ;parts.. ,, I. ,,.' : 

The sca.le manuf~a:ctu?rers,, did not consider producing scales 
w-i,th,metric. .indicators to. be much ,of .a..problem; however, 
costs would be invqlved, 

some 
They al,ready h,a,ve produced some 

scales .th,at read in metric, .primarily for export.' It may,be 
necessary,-:however,, -to redesign, the w,eighing elements, such 
as levers, springs, and load cells, in some, types of'scales;: 
The computing 'scales, f.or re,tailfood:and, postal weighing may 
al,so require ,some redesign. ~ Such- problems are.:expected,to 
decrease because ,,the-- trend in,the, industry isto manufacture 
electronic digital scales. Many of these will probably have, 
dual (both customary and metric) capability. However, the 
full impact o,f prod'ucing metric-reading scales will not be 
known until the State.and local government laws and regula- 
tions .govern.inggcommercial,weighing are metricated. During a 

', 
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~transition peri&,. ther- :may.~j;e-a~,p~obl~m-'wi.t~.d'u'ii‘)it in+en- 
tories, of w,eight.“!indicators.’ : :i i., i. .i:(- ;I' '; (2 

,. .I,'-: s.,;, '... y -, ; ' ^ : ,' : ;, i. : , ,,, _- 
:Changingd-.iplant e'quipme'nt to..produce "metric-size, scale .. 

parts'couldbe costly. ,,Ai.~~,eprBsen~~t:Tve~of :a ..amal.l L&Cal-e 
manufacturer estimated that such a conversion would cost ;at" 
least $500,000 (and would force the firm out of business. A 
representative‘ 'of 'a, large manufacturer‘said, his *firm -Co‘uld 
absorb the costs .if <&rried"Gtit &e'r'.a 15~. t& 2Qi'yea'r,-p@;'riod'. 
Maintaining dual inventories 
ings would ;be, another co'st; ;: *' 

of..,.scale .parts jand design draw- 
part~;,i:,aii’d’~,d~~wirigs’ ,'atfe gener-’ 

ally maintained ,-for il.5 years 'after ~~proddctio'ti. ,S&&. I co*&&:: 1 
wou,ld be incu’rre.d by ;.ch$.ngin’g ,ingernal., ~pe~~~&!&-&,‘< &Tue$+ .,& 

ord.ering accoun;ting., and ..adnii~~-i:8~r$~,\ibn~, ',;~!g:echfij&~~ 1pub.l rdat,ions 
and :~advert.is:ing:I:material:1,‘a.lso woutl::d':'be 'a.ff'f&fed. 
6.f ,personnel~i:wo~;lldi be .requi:r&. ,, i,:,’ : .G; I, i‘: 

Some -‘~‘~ai’li~ing 
.~ ..: :I’ -’ ,+’ ’ .iiC.:, ’ : 

_, ,;, 1 :’ .i I f ./., ;! ,. ,c. (, ri ‘-, : I.,’ , 5 1, I. ,; * ;-< f- 

I .Few benefits were anticipated -from ?ne'tricatio:n of engiL 
neering'and production equipment; "Some standardiz,ation, and " 
the reduction in the number of scale parts may result. This 
would,.be. advantageous ‘to -the industry,,-and 'its customers‘. ..>. .,_ ., :I‘:' i, :: '. 
METRIC CONVERSION ‘,AT‘ TEE USER LEVEL .- ~ -. ;' .!; :: 

.- .' 'I. .:, :. + .,, 
Conversion o,f-scales at the, user level 'could involve;' ' 

one of '.two basic :approache,s;‘ -The first would' be ‘a ,ph'ase"in 
of metric-reading,, scale's: 'as customary- s.cales ,,we.ar, 'out, be2.T 
come obsolete, 
ity. 

or the owner wishes to upgrade scale capabil- 
The second ,:-approach ,would be."!to forc:e adapt'ion:..of, scales 

in use to read in metric, or, if not feasible, to replace them 
w'ith metric 'scales~.: :: All 'future scales would ,be those reading 
in me,tric. (If scale conve~r~sion'takes“place, "consumer “scales, 
such as bathroom sc'ales, in use probably Gould not be adapted 
to metric but would"be replaced with?nittric sc'ales'when they 
wear out or the owner wishes to purchase' a new scdle';) 

The ,major drawbacks 'of the first'approach would be that 
complete',conversion .'cou,ld take many -years, and both ,c'ustomary- 
and metric-reading scales may exist side by side. .This could 
lead. to confusion in the marketplace. Consumers may avoid 
purchases 'at.retail stores that haGe metric-reading scales and 
thus give the competitive 4dvantage to those who'd0 no,t con- 
vert.. ,Th.is approach, however, would be significantly: ,less I' 
expensive,bec-ause existing scales would be' replaced through. 
normal attrition ratherm'than adapted or replaced before the,y 
normally-would. .' 

.' .I : 
The second approach would be much more costly and have 

a shorter transition period but would be more-orderly. Al- 
though some scales are not difficult o'rcostly to convert, 
some costs would be involved. For others, adapting to read 
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in metric would be costly; and in some cases, conversion would 
not be economically feasible, and the scales would have to be 
replaced. This approach would most likely have to,be made 
mandatory to be effective because there would probably be 
no economic incentive for scale owners to convert. All retail 
scales, at least in an advertising area, should probably con- 
vert at the same time. '. This would be necessary to avoid giv- 
ing retailersthat donot convert a'%om$eti.tive advantage over 
others t?hat do. ,' .: I. tx .; ,', 

In develo~in&':ai scale conversion plan,' decisions would 
be needed onthe necessity for metrication of engineering and 
plant facilities, and how industrial scales should be treated. 
Owners a,nd,us&rs of scales probably would neither be aware of 
nor have any interest in whether scale parts are designed and 
produced in metric or customary unless the cost increased as a 
result. The 'important characteristic would be whether the- 
scales give weights in customary or metric. ;-, 

Consideration should'be given to whether industrial 
scales inmanufacturing plants sho,uld be included in a conver- 
sion s'chedule. .for,.;other 
tries wh,ich, use them. 

scales or in a,',sche'dule",,for the ,indus- 
These scales are.not visible to the pub- 

lic aspostal ,and "retail store scales are., 'I,':- , ,; < : " : ( 
Adaption of"existing scales : d " > 

The cost of adapting existing;'scales would not be known 
until the technical requirements (including code requirement&) 
and the period over which scales are to be adapted are de- 
cided. No one has determined the number of scales that would 
be involved because no decision had been made to convert ex- 
isting scales. It is a voluntary conversion. Some in the 
industry have estimated that there may be 5 million or more 
scales in use in the United States, excluding bathroom and 
household scales. The population and its makeup may change 
before-conversion occurs. For example, the use of electronic 
computing sca,les is increasing rapidly., 

: 
A,March 1974 Canadian task force study report, "The 

Metric:Conversi.on of Weighing and Measuring Devices in Canada," 
estimated that,Canada had 116,800 retail food store scales; 
50,310 postal scales, of which 31,200 were privately owned; 
and 179,300 industrial scales --a total of 346,410 scales. It 
was estimated that 244,800 of these would be converted at a 
cost in the range of from $60 million to $115 million (Canadian 
dollars). Complete cost estimates to replace the remaining 
101,610 scales were not provided. 

A decision by a scale owner to adapt or replace a scale 
would probably be based on factors such as the type of scale, 
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the conversion cost, the age of the scale, availability'of _-. 
parts, the cost of a new scale, and the need to upgrade s.c,ale 
capability. A representative of a.large scale manufacturer: 
said that only a small percentage of the scales the fi,rm .,,. 
produces is readily,convertible, but, that within ,lO years, 
many of these scales would probably be made obsolete by elec- 
tronic digital scales. These would probably have dual capa- 
bility or be readily adapted. 

Australian o,fficials reported that during scale conver- 
sion.many re,tail.scales were,replaced .with electronic digital' 
scalesrather than converted. The-.officials believed that 
these speed up, the weighing. and pricing.-loperation and red,uce 
errors. Canadian officials also anticipate the purchase of 
many electronic digital scales during their planned conversion. 

.: 
Another consideration--in the adaption of existing scales 

is the service:personn,el and time..req,uired. The Canad,ian task 
force estimated that if retail s,cale,s,were converted within 
a 2-gear-period, it wquld require :an increase of about 16. to 
20 percent in.the retail store scale technician work,force, 
or an equivalent in overtime. If industrial scales were con- 
verted in 6 years, the number of technicians would have,to.be 
increased to .25 to 30 percent.with some overtime. U.S. scale 
manufacturers expressed concern,that not enough trained ser-, 
vice personnel would be available for a quick conversion of 
existing scales. 

,; ,.., 
In Canada it was decided that existing scales shquld be 

adapted to metric within a short transition period. The con- 
version program for postal and retail scales is..scheduled to 
start in July 1979 and is to be essentially completed by the 
end of 1981. 

Conversion of Canadian retail food scales is to be tested 
in three metropolitan areas. In order that no retail store 
will lose business to a store that does not convert, all re- 
tail store scales within the advertising area of each city 
will be converted. After these three areas are converted, 
other areas will be included in th,e conversion plan. Conver- 
sion will be mandatory through changes in the weights and 
measures laws, which are administered by the Federal Govern- 
ment. Industrial scales will be converted when the industries 
that use them convert. 

Impact on State and local 
regulatory officials 

State and local regulatory officials would be responsible 
for metricating the codes that regulate commercial weighing.' 
In addition, conversion would probably pose other problems. 
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Fie,ld tes,ting equipment would hav,e to be adapted to metric - 
units, where possible; or new metric equipment would have to 
be purchased. Estimates of the cost of a set of metric test 
weights were from $300to $450.,' The number of test-weight:,,- 
sets that would have to‘be'converted or replaced was not 
known. A 1974.NBS survey found that there' were about 3,000 
weights and measures inspectors in the United States,' Not 
all of these were involved in testing scales., Not every in- 
spector responsible for testing scales would need a complete,:, 
set of test,weights becausecsome inspectors'test only certai&; 
types of scales. Converted sea-les and new metric scales wo?il!d 
have to be tested,by an inspector. Under a quick conversion 
program, additional staff'may'have ~to-be:+mpl-oyed. ,Metric, 
training for personne.1 a,lso would be' needed,.. )*-" '. '. I 

The NBS Office of 'Weights and Measures historically has 
assisted reg;ulatory officials in:the areas 'of field personnel 
.training and development 'of ,model codes. 'The'Office"haspro- % 

k 
vided metric training seminars to regulatory officials using 
funds' from a $35,000 Office'of Education metric education :'I 

=; = 
i 

grant. The,Office is also working on a metric Ha'ndbook"44. : k 
The Director'of the Office- of Weightsand Measures. said that F 

8 
the Office would need more funds and staff to carry out the E: 7. 
activities to prepare State and local weights and measures 1 
officials .for metric conversion. 

.: .,. : 
U.S. PARTICIPATION IN THE INTERNATIONAL 
ORGANIZATION OF LEGAL METROLOGY: 
A,METRI.C CONVERSION ISSUE? 

I 
The. International Organization of Legal Me,trology is an k 

intergovernmental treaty organization founded in"19,55 ,to,es-' E I- 
tablish uniform requirements for various types of weighing and 
measuring devices, including cooperation in the field of legal ' 
metrology,' which relates, broadly, to the laws'and regulations 
and theeir enforcement. This international'organization has 
simil'ar obj.ectives to the National Conference oncweights ahd 
Measures but on an international level. 

I 
I I 

In carrying out its objectives, it serves as a center of i 

documentat.ion and information. It'also recommends uniform I L 
international requirements for scientific and measuring in- 
strumen.t's, such as scales, used in industry and, commerce and L 
develops model laws and regulations for consideration by mem- 
ber nations. In 1972 the United States became a member with 
participation being coordinated through NBS. 

Industry representatives told us the primary benefit of 
participation has been as a source of information; however, 
State Department Officials have said that the United States 

.- 
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has a moral,:commitment,.to consid,er international recommenda-' 
tionsof the.organization. ': “, 1 '. ,:; 

: ', I !. " ::, , 
Industry representatives believed that before the United 

States ,decides. to adopt any r.ecommendation,s, it should have 
a significan.t input-. The first year for possible,signi,ficant 

. U.S.. input will,be the next,meeting in ~1980.~..Industry offi- 
cials indicated that. -U.S. input is needed,because the ozgan‘i- 
zation has,bee,n, dominated by.Europeanthoughts -on scale' design 
and regul,ation which is ,different.. 

'__ ., '..' '. 
Metri,cafion, of: scales shouldnot take:place -before U.S.' 

input and:.a d.ecision :is-,ma,d,e:-on whether .the srganiza.t:i.on's f 
recommendations are to. be. adopted' in the United- States-:,;: I,f:':> 
metrication and adoption of the recommendations are not made 
simultaneously, the industry might have to go through two 
significant changes. An NBS official told us that U.S. in- 
volvement in the International Organization of Legal Metrology 
is independent of domestic metrication of scales and would 
continue even if the United States does not convert to the 
metric system. 

CONCLUSIONS 

Conversion to a predominant'use of metric scales will 
probably not occur unless it is made mandatory. Otherwise, 

"conversion of. industrial scales will depend on whether in- 
dustries that use them decide to convert their internal opera- 
tions. Retail scales may not be converted voluntarily because 
retailers have no economic incentive to convert. 

Substantial costs could be involved to convert scales in 
use. The alternative would be to phase out customary scales 
through normal attrition and-replace them with metric scales. 
This approach may be practical for industrial scales but not 
for retail scales. The use of both metric and customary re- 
tail scales would cause confusion in the marketplace. Consum- 
ers may avoid retail stores that have metric scales. This 
would give a competitive advantage to retailers that do not 
convert. State and local weights and measures officials would 
also face costs for metric training and metric test weight 
sets. 

Scale manufacturers did not anticipate any major problem 
in producing scales that read in metric but have customary- 
size parts. Metrication of engineering and production equip- 
ment to produce scales with metric-size parts, however, could 
be expensive. 

U.S. conversion'was not expected to increase scale ex- 
ports. Domestic sales would be increased only if conversion 
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were made mandatory with a short transition period. An ,ifiL 
crease in production of metric scales will depend on demand, 
by the industry's customers. 

:;. : ,. .< 
_-' To have an effective conversion program,' particularly 

with respect to retail, scales, some type of mand'atory'con- " 
version with timetables would probably be required., Industri- 
al. scales: could be converted a<sthe internal opeb,ations -of the 
industries, that us.e them are converted. ~:Retail~scaZes; at- 
least within an advertising area; would probably have to be 
converted at the same time to avoid giving a competitive edge 
to those%'that otherwise would not convert. A major determin- 
ing factor in the success of retail.. scale~'conve'rsion Gould be 
consumer acceptance of the metric sy'stem'. (" ,;' 
r . I ./ ," ,- '. i, ., /, ., . 

: ;:' ., 
.: . I ; - P '. : 'i 

.,'S' ;' -: ,. ,,' 
, : + ,.a ! 
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CHAPTER 10 

TRANSPORTATION--OVER THE MILES TO METRIC 
. . .' ".; 

Changing the measurement system used in transportation 
wili have far-reaching effects. Uz'wi.11 affect the“design 
and manufacture of motor vehicl,es; trains:, aircraft, and 
ships; the legal control systems (speed .,l'imits, 'lo:ad,limits, 
assigned routes, safety limitations; et&) that govern their 
use: 'and the computation of rates charged for their*use (fees 
for s'hipping goods and transporting::passengers).. :+Effects 
will be minor and almost unnoticed in som'e. cases') ,but‘ in 
other cases will have i'mportan,t -econ'omic::a.nd socialimplica- 
tions on manufacturers, operators, legislators, law enforcers, 
shippers, and the general public. '~The.Department .of;Trans- 
portation's'policy is to pursue an,d: promote an ,orderly change- 
over to the metric system. : The po.licy allows for.i.ndustry to 
set'the pace for changeover;,but the Department may, .when 
it has statutory authority, initiate some changes. (Because 
of its unique worldwide application, -air transporta,tion is 
discussed in ch. 15.with the.:-aerospace i,ndustry.) , 

'.. ; : 
We talked to Federal and State transportation officials, 

representatives of transportation assoc.iations,. operators .of 
transportation companies, State legislators, a.nd.,en~forcement 
officials. Most felt that conversion may benefit some parts 
of ,the economy but that it was not cost,b'eneficialgto trans-. 
portation. 

Highway users felt that equipment conversion would not' 
result in real benefits and would be very expensive. For ex- 
ample, the two most prominent measurement items on a truck 
are the speedometer and odometer. Spec,ial,ists. estimate.:that 
it would cost from $40 to $75 for a speedometer conversion 
and possibly over $100 for an odometer conversion, depending 
on the model. With 26.5 million trucks in operation in 1976, 
this would be very expen-sive. ,,' 

The National Highway Traffic Safety Administration ,issued 
a regulation, in March 1978 requiring that all motor vehicles' 
manufactured after August 31, 1979, be equipped with speed- 
ometers that register in both miles per hour and kilometers 
per hour. Affected parties were not provided an opportunity to 
comment on this new regulation which was issued on the agency's 
own initiative. We' do not know the extent of the impact on 
motor vehicle manufacturers. 

Of course, there are kits and decals available for pas- 
senger cars which would reduce the cost for the speedometer 
conversion. These may or may not be appropriate for motor 
freight carriers. At this time there does not appear to be a 
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similar solution for, the odomet,er problem. Both instruments, 
but particul*arly,,::‘the odometer, are,important ,in determining 
the cost,s pftransporting goods and people. ,Met$icat.ion may, 
be justif$ed if itwould result inimprovement of the sys,:tem 
OK higher~‘.profits,:'but this, i[s,-not,. thkJ.case. : (. ;,, '. 

:: .? ., : ., : ,.,, ,'( ', vi 
Railroad official~s think it is folly""to assume that the 

railroad companies,, w.ith their tremendous investment in K ail-' 
road cars, track; 'and .::terminals',, could convert: ) They, empha,?, 
sized that most-.of the'if“'fixed'and movable equipmen-t has a, '.' 
long life a.nd could not b~-,:~:~~onornicallTj:-r.~pldi:ed:~~~ith,,m~,~ri,d : '_ 
equipment: .for a long ‘time..!. .Some thing's would. never be con- 
verted to;:me-tr ic s.i?-~:si-t~~~t:,:on~y.:~cou,~d .,be' call@ .b,yu;:.:a me.t:$‘ic'., 
equivalent, of iits ,@rese*nt 'si,&;',,., !?o'r exam~'le;,.;:'we shoi'u1.d never 
expect the d.istanc:e: be;tw,e.en,, r.ail-s of: tr ac,,k to"ch'ang'e,:, from::'its 
present 4 feet; 8-1$(21'~;inches, &ithobg,b it doui*d b'@ :;&led;;l'l;435 
cent,i+eter 3 or l;'&$;~'~#&$'~ ., Tapiff& (t~e."gchehules::;,of.:;~~"~tes 
and c.h$rge's, for tran,spor',taCio,,n" oft ff,eight) would be dif'ficult 
to change and"'have few be,nefits. '1 ': : ,I ..,' ' 

I,. 
Maritime trans~p+&t,ion .has a conversion, plan",developed 

by the Ma'ritime Transportation Research Boar.d 'of the National 
Academy of Sciences.':fHowever, the'plan s,uggests a<sched& 
for 'national ma~itime,.,conversion witho'ut asking IY~Why should 
the Nation go metric ?'I:-, There. wa's 40 c'onsidera:tion 'of the ':' .':,. 
benefits.'or costs to- the industry, 'only.“emp'ha,sis .of' the need 
to plan for "orderly conver;'sion'.:!! ! The' mar..itime ,.pl,ah:; se-ems‘, to 
simply' commit, the indust:fy'to'metrica'tio,n,-because natio:nal ,..: 
metrication seems,to be"' inevitable." 

> 
I' 

Implementation depends largely on the industries.that 
supply componenfsfor shipbuilding.. These ,,ind,ustr'ies'"may ojr 
may not have their own conversion'plans. However' r the 'U.S,,, 
shipbuildin'g industr?y.is,too small to influence su$$liers:,who 
do not.have'plans to convert. The maritime","industry.also has 
much equipment wit,h ,a long life which will .not wear'out,'for 
many years and would be uneconomical to 'replace before neces- 
sary. This, as in railroads, will d,elay the conversion time. 

Some groups of shipping lines:; however; have already 
metricated rates for .shipping .weights and volumes of c,ar.go 
to foreign ports. 

The ,attitude toward changing systems of control'a,nd:reg- 
ulation of highway trafficwas made clear in june 197<7 when: 
the Federal Highway Admin~istration's.proposal to convert speed 
limits and other highway information and.advic,e signswas 
soundly objected to.by about 98 percent of.the more,than 51000 
who commented on the proposal. 'The.proposed regulations wo;uld 
affect not only commercial transportation interests; but'the 
millions of motorists who'would have to drive by the regulations, 
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the States which'would. have toI amend,their laws- and rep.lace 
old signs with new metric ones, and law enforcement ,agencies 
throughout the country that would .have to enforce compliance. 

,. : 
Opposi.tion was mainly based on the $100 million. cbs:t.for 

changing signs, the confusion .it would cause among drivers, 
the time needed for States to amend traffic laws, and the dif- 
ficulties of~enforcing the, laws among .unprepared ,drivers. 
Also, opponents raised a very basic,question o,f whether the 
Highway Administration had the authority to .make- such a 
change.. (We also believe that th'e Highway Administration's. 
autho.rity to mandate' road sign 'conversion is questionable..:). 
The :Federal Highway AdministraBion terminated. .its. proposal,.to 
change the* regulations in the'face- of this'opposition,.,. 

: ‘.’ “.jl or 

We feel,that themetric conversion',of, transpor:tation, )B_ 
will' be sl,ow. *It, is, h,ighly dependent .o.n the conversion. of " 
industry. Except for automobiles which have a relatively 
short life, transportation equipment has a long life. ,For 
example, in its 'publication,; "Motor Vehicle, Facts and :Figures 
1977," the Motor Vehicle~'Manufacturers 'Association showed '. 
that in 1976, 9.3 percent of the 26,560',000 tru/Cks in‘use -' '. 
were 16 or more years old. .By contrast; only 2r.percent of 
the 97,790,OOO ,automobiles in use were' as 0.ld: 'Th‘e Associa- 
'tion of American' Railroads reported that freight cars are of- 
ten in,'use, for 30 ye,ars;‘ locomotives, for 20 y&r& ,Ships 
have a, minimum expected useful 1i;fe of 25 years:. Wesexpecta 
long period when both customary and metric will ,be"'in use. 

We can see no advantag-es in changing highway signs to 
metric. Conversion ofh'ighway 'signs may 'come only when the 
Congress declaresthat the Nation will. adopt the metric sys- 
tem, States are able to afford'the change or Federa1.a.id is 
made available, automobiles are equipped with metric speed- 
ometers and odometers, and the driving public is oriented in 
the safe use of metric measurement. 

Transportation tariffs and rates will be changed as need- 
ed. This'aspect of the conversion will be complex and'expen- 
sive. 

DEPARTMENT OF TRANSPORTATION POLICY '. . 
'The Department of Transportation was established in 1966 

"to assure the coordinated eff-ective administration 
of the t:ransportation programs of the Federal dovern- 
merit" and to develop "national transportation policies 
and programs conducive.to the provisions of fast, safe, 
efficient, and convenient transportation at the lowest 
cost consistent therewith." 
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'qj The' Department includes the Federal Highway;Administra-' 
tion, the Urban':Mass Transportation Administration,.the Na- 
tional Highway Traffic Safety-Administra,tion, the Federal 
Railroad Administration, the Coast Guard, the St. Lawrence 
Seaway Development Corporation., and the Federal Aviation Ad- 
ministration as operating elements. 

The ,Departmen,t's metrication policy:, announced in July 
1977, establishesdepartmental policy and administrative pro- 
cedures for orderly transition to-the metric.sys.tem. I.tz s 
policy is to pursue and promote.an orderly change,over to the 
metric system. The policy will allow industry to, setthe 
pace fo,r chang,eover, but the,..DepalrtmenS 'mayr~: where it ,has r 
statutory authority, initiate.some- changes. When the' Depart- 
ment initiates change, it will be done in ways that will mini- 
mize co;sts. tocindustry caused by the change. ,,Most changes 
will invo,lve new systems and facilities ra,ther than redesign 
of ex.isti,ng -0ae.s. ', . : 

'.' .'. . 
-Each, ope;rating,element in the Department is to (1) de- 

velop guidelines and standards forconversion of its area of 
responsibility, .(2),make the guid.elines and standards avail- 
able to industry, and (3) consid;er the pl,an an,d the metric 
system in the procurement of.all equipment, services, and : 
supplies, especial-ly-in the design of new transportation sys- 
tems. These,,plans will be reviewed and,,consolidated into 
an overall, transition plan-,by the Department'sMetric Coordi- 
nation Committee. ., ., ,,_' ., .,. ,, 

The policy order also.requires, each operating. element to 
be responsible for training its personnel in the use and ap- 
plication of metric units. Costs necessary to'.support the De- 
partment's conveys-ion effort will be ident.if-ied so that funds 
can be included in succeeding budg,e~t cycles. 

HIGHWAY MILES TO KILOMETERS ", 8 

InFebruary 1974, before establishment of the Department 
of Transporta,tion's conversi,on policy, its Federal Highway 
Administration organized a Coordinating Task Force on Metri- 
cation to plan for changeover , prepare engineers and other, em- 
ployees for conversion, 
ties. 

and keep in touch,with metric activi- 
Within the same year the Highway Administration awarded 

a research contract to the Ohio Department of Transportation 
to document 
prolects. 

its experience in completing two metric highway 
It also established a policy requiring use'of 

metric equivalents fo'r all measures in Highway Administration 
technical publications, reports, and spec'ificat'ions: and is- 
sued a directive giving States permission to install metric 
familiarization signs on interstate and'other highways built 
with Federal aid. The Highway,Administration's latest 
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conversion activity was its publication, in April '1977, of,>, 
its intention to require speed limit and other"highway sig'n's 
to change to metric.by 1982. 

; 
Metrication of standards for 
traffic contr,ol devices 

i..l : . : 

: . . 

In May 197.6, 
Committee, 

in response to a request from its Advisory 
the Highway Administration assigned its Office of 

Traffic Operations to revise the Man.ual on Uniform Traffic 
Devices, with'the objective of issuing a new edition within 
2 years, containing only metric units of,.measu:rement and ra- 
tional metric standards. The manual, wh,ic:h c.onta,ins princi- 
ples for the design and use of all highway and street traffic 
controls such as signs, signals, and road mar.kings, isregard- 
ed by the Highway Administration as the national~standard. 
Although mgst States ,.h,ave, ad.opted the,.Man:ual',, its use is not 
mandatory except on the.,Federal:aid highway system. ; ; 

A timetable for conversion,'of highway 
. ‘.. : 

signs 
,".., i .: .' ,.. '. ,, ,' 
'The:Righway Administration thought that setting .up a 

schedule for the conversion 0.f traffic signs on highways and 
streets would, be a gpod way,-to influence metric conversion. 

- The States and their, subdivisions, they said,: were required-. 
by law (U.S. Code title 23, sections 109(b) and (a),.-and V,: 
402(a)) to comply with the Manual of Uniform Traffic Control 
Devices on .Federal-aid.highways. Because the Manual was be- 
ing converted, the time-table -would ma.ke. the conversion. of 
signs an ,orde,rly process. An offYicial told us that 'Fed,eral 
highway. funds could .be withheld from a State which did'not 
comply with.-the following timetable., _': ,,: 

1 

.’ 

Recommended Timetable for Planning Metric Conversion 
'. of-&S. Traffic Signs '. 

(’ 

Accomplishment ' 

Develop conver'sion guidelines 

, .  
.  :  

8 Due fo-r 
completion.. 

I , 
1976 

Develop metqic'sign drawings 
: _ 

Publish metric Manual of Uni- 
form Traffic Control Devices 

:. 
Public'information program. 

Revision of pertinent laws 
and regulations 

1977 

1978 

1978 
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Begin speed sign co'nversion. -- " <' 
(includes advisory speed " s 
plates and vertical clearance /_I' .. .'.:'. 
warning signs) July 1, 1,978 

I .'. . ; 
Reach 50 percent compliance ..) Ju'ly 1 ,' l979 

Reach 100 percent compliance 
-~- 

,' .. .;. j Dec:30, 1979 I 
Warning and,reg.ulatory signs .. Sept. 30, 19.80 

- : 
Guide signs) mileposts, and, - ."' j- .'. 

:- 

other' advisory signs ! '. .Sept.,30;, '1982 ; ! 
The public is notified 1.. 5' ', : 

. . 'I'.' ,. : '::,. ., > 
In the April '27) '197'7', "'IFed,.eral::Register' " 'the. Highway' 

Administration published an ,advance no.tice of"i,ts 'intention 
to change the regulations and solicit comments on its time- 
table for conversion. of ,highway 'traff:ic~ sign,s .'tp. the met,ric ,. 
system. The notice also advised the public that the Highway 
Administration is revising-'the:Manual of Uniform Tr'affi-c Con- 
trol Devices to.establish.metric standards. CommentsYon'.this 
notice were to be received in 45, days (by June 13;1977). I-t 
quoted'section 3 o'f the Metric Conver'sion' Act of.1975 as'.au- 
thority for the action. 

L "Sec.. 3,' It is:therefore declared'that'the.' '* 
policy of the United States shall,be to'coordin'ate, 
and plan the increasi-ng' use of t-he'metric system in 
the.United States and to establish a United. States. 

' 
'@ 

Metric Board to coordinate‘the voluntary conversion 
to the metric system." 

The "Federal Register" notice contained an unexpected 
revision to the timetable for conversion of speed limit signs 
that was contained in an April 26 press release. 
period, 

The go-day 

tice, 
recommended until just before publication of the no- 

was extended to 18 months. The revisions proposed that 
the change of speed limit signs and vertical ,clearance signs 
would begin on July 1, 
July 1, 

1978, reach 50 percent compliance by 
1979, and 100 percent compliance by December.30, 1979, 

"to minimize driver confusion and facilitate law enforcement 
efforts." 

The notice stated that many signs may be converted by 
the use of overlays or simple letter and number changes.,,but 
in some instances, new signs may be necessary. 
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A rough cost .estimate :  ‘,I 

:  :‘.I’ 
. :  . Y . , . ,  , ,  ^ , . , (  , . .  ~ 

.  .‘_. . , .  /  . ”  . ,  . ”  ‘. 

At its June 1976 meeting in Kansas City, Missouri, the 
American .Association 'of- State High~way,*and Traffic -Officials 
had. estimated",that changing ,,the. approx.imate:ly., 3 i489.,800 .traf- 
fit signs on high.Ways, and ,stb,eets in the -United States would 
cost abo,u-t $110 m-illion. '. .They admitted -that the .:cost es.ti- 
mate- was very rough. because,neither (l,).the number, of.signs 
nor (2) the method of conversion that would be used by all 
the States (decals, changing only some numbers, completely 
new signs) was known. (Exact costs:wou:$.d; be:determined..by- ..,_,' 
the method of conversion..) The Highway Administration did 
not make 'a cost study) of its own .b.e.fo.re ,-publication, '0.f its 
plan,.:.but: apparantly, 'it 'used the;:above :figure. as a ,genera-1 
e,stimate of: what the job wou!ld cost,. ;: : '. _' : " : % .': : .. 
: s :' ~ ,. ..i<: ; :"T .: : ': 

The. :.Co’ngress$. ‘orcjaniz.at5ons.i : ,( :::’ ..:: id : : 
and the i.publ:ic re-act 1 .\, ’ {A.,. .-: : ’ L’, 

: ,: c.,.. .’ . .’ - -.1, ‘_ ._ I’) f ., ” I I. 
!cOn iApril 28; l977, the- day after the Highway.Adminis- it 

tratkon's notice in .the.,"Federal Register,;".a bill was intro-- 
duced in the.Congress, to prohibitthe.expendLtures. of Federal 
funds to modify highway signs for metric conversion unless 
specifica.lly authorized by .the: Congress.-.: ;.-' 

, ,. ,' ,.' 
On June *l, 1977; a member of,the Congress sent a letter 

to the Highway Administrator reque.sti,ng,:immediate withdrawal,. 
of 'the notice -of proposed rulemaking ,and the:, canc.'ellat.ion of. 
all p1an.s to force'metric,.conversion on American;motorists. 
The letter pointed out that (1). the MetrfcConversion Act 
did not grant the Highway Administra,tio.n. authority to propose 
rules, (2) the Congress has not established an official pol- 
icy of conversion, (3) the Congress expected metric highway 
signs to be a complement rather than a substitute for custo-r 
mary signs, (4) the act stressed voluntary conversion, (5) 
the. act was not to- be used to force costs~on anyone., ,and (6) 
by proceeding without ,the g:u.idance of the Metric Board,- the 
Highway Administration <would be contributing to haphazard X 
convelsion. Other'members of the Congress also wrote letters 
of opposition to the Highway Administration. 

L : 
-By June 13, 1977, more than 5,000 comments on'+he pro- 

posal had been received. Letters were sent by State and lo- 
cal transportation authorities, motor clubs, consumer organi- 
zations, farm bureaus, manufacturers,, State and local public 
works departments,.many other- organiza,tions, and private cit- 
izens. Ninety-eight percent of the comments were negative. 

A Highway:Administration official said that the more 
than 5,000 letterswas higher than for any other rulemaking 
the agency had ever proposed. The highest. before this was 

c 
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under 500. We read about 400 of the letters and.fou:nd that _ 
they were overwhelmingly against metrication of signs." 

1. ': ., !. ,, r. , -. : .,. : ,.C'_ _ 
In light of such ,overwhelming opposition.ti.:the. Highwa.y;<:r;, 

Administration published :a notice'which: terminated the:..pro-:: 
posal- in the June ,213, .1977,, ~"Eederal.~Register.':' Als-o, a; ', : 
Highway Administration~official told us. that the;.Man,ual of,, 
Uniform Traf:fic Control .Devices will not be -changed, to,metric 
as plan-ned.-. '_ ' .1 ; ,!‘ 

',.' '. 
Views ;-of., those .who. opposed ., ). -” -Y 

I .: I, 
_j:.., ’ : ‘: ‘: 

.’ 
‘r,;‘? ‘i; .::j,, ; 

/.“Z ‘I <, ii. ,’ ‘,. x+’ > *.: t :. ’ ” ..,, J,, .’ ,1% -..". .I ,_ .c. ’ ‘!: ‘.% I-! ./1 
State ,.government Bgenc'ies.,. associations of highway;; -: 'I.'- 

users;: the National Transportation Sa'fety Boardli:-(,a, Federal i : 
agency which serves as the. -overs'eer o,f ,tran,sportation s,af.ety) , 
and the general public were among those who commented to the 
Highway Administration about the groposed,'timetable,. Mo.st ,' 
of their opposition was based on--the high' dost.~~~:'~bnve~sf~n. 
with few or no measurable benefits, the fact tha't they‘wouid‘ 
be forced .to ..metrica.te' when th,e Metric "Conversion Act calls 
,for voluntary conversion; .and--the. possibility.of impaired 
.highway safe,ty due to the lack'.of driver education. 7: : , ._.. -: , +, _. ,,; ., .. i, \ 

Highway Administra*tion o,fficrials told: us they' believe 
that the most important fact 'learned was that metrication is 
an emotionally volat,ile ,subj'ect and their analysis. of the re- 
s,ponses sh,owed ,that many <were based ,oni,patr:iotism, .fear of 
communism, the, need to'maintain, tr-adition, or an organized i. 
appeal. ~They felt that it was evident that- most of the ad- 
verse .comments-re:ceived from citizens came.as a,,result of 
newspaper articles -urging reade:rs.to protest use, of- th:e- metric 
system. > 

A question of,authority -- '.., ". , 
i ., j 

The National.Committee*on Uniform.Traffic .Laws and Ordi- 
nances is an independent, nonprofit organizationcomposed:o.f 
about 140 members representing groups, such as, Federali.:State, 
and local highway officials; car, bus, 
insurance and finance companies; 

and truck associations; 
and others involved in high- 

way transportation. The Committee is the custodian of the 
Uniform Vehicle Code which is a guide for State motor vehicle 
laws. :' 

This. Committee's view is that the H,ighway Administration 
does not have authority-to promulgate and enforce a timetable 
forconverting highway signs. The Federal‘ Government does not 
make traffic laws. 
adopted, 

The Nation's traffic laws are promulgated, 

dictions. 
and enforced by.:the State,s and their political juris- 

An example is the present 55-mile-per-hour speed 
limit-on the Nation's highways. 'The States changed their 
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max.imum speed laws to c.omply with the Federal GovernmentI's 
initiative to save energy, not because the 55-mile-per,-hour. 
limit was a Federal law. 

:: ., 
It is important to note that the 55-mile-per&hour lim- 

it is,not a .Fede.ral speed limit. In January 19.7?, however, 
the.Congress enacted -the. E,mergency Highwa.y Energy' Conserva-, 
tion Act (Public Law 93-239).which~required ,the. Secretary,of,, 
Transpor.tation towithold Federal-aid hig,hway funds fr,om. any 
State with,a maximum speed limit in excess of 55 miles per, 
hour. -We had been told by a Highway Administr-ati,on official 
that, Federal-aid,.p~pr,~,,e,, s,trings couid 
complia.nce metric speed. limits., 

b;e:use,d to! enforce &ate 
,We we,re!..also. told.: that,, the 

Emergency Highway..Ene,rgy C~onse.rvation' A& could:.be amended,. 
to give the ,Department the same economic ,sanct,i/on-authority 
over those,,;wh,o.. di,d not: convert.-<the 55<:mile-per-hour limit to 
90 kilometers per hour. A State could'refuse to comply only 
if it could do without Federal-aid highway funds. 

The Committee on Uniform Traffic Lawsand Ordinances of- 
ficial ,said that .the Highway Administration's enforcement au- 
thorit,y through economic sanctions isvery weak and getting 
weaker as the Interstat'e Highway system nea,r,s completion. The 
influence of various political forces against use of sanctions 
has caused,the.m.to be infrequently used. .It is questionable 
whether States would make expensive sign changes to retain 
Federal-aid highway funds. This official also felt that 
the Congress would be reluctant to amend the Emergency Highway 
Energy Conservation Act. 

Our observations on the Highway 
Administration's conversion proposal 

The ,a'ttempt by the Highway Administration to implement 
conversionof highway signs is,important because it is the 
first attempt by the Federal Government to metricate an area 
which, would quickly affect the entire Nation6 Conversion's 
far-reaching effects would require amendment of State traffic 
codes; 'education of drivers, 
the judiciary; 

law,enforcement personnel, and 
adjustment of State and local budgets; and 

adaptation of speedometers,and odometers among other things. 
The s,tr,,ong opposition and ultimate withdrawal of the proposal 
could have an adverse effect on the course of other metrica- 
tion efforts in the United States. 

If the Highway Department had (1) included Sta,te ,and lo- 
cal governments, industry, and other affected sectors in their 
planning and (2) developed. a cost/benefit analysis as care- 
fully as possible and given more consideration to the amount 
of time needed for education and'revisions to applicable laws, 
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others may have been influenced, to volun,tarily‘cooperate with 
the proposal. 

. ! 
Who volunteers? _/?' ._ : L 
The Highway Administration felt-that the Metric C,onver- 

sion Act gave them authority,to assume's leadership-role in 
influencing metrication. They. choose to do this by "volun-. 
tee'r ing " to metricate regulations. These ,regulations:-would 
impose conversion on the States. Conversion,, then, would be 
mandatory on- the State's, which must amend traffic codes,and 
pay for sign replacement,~ and, the highway use'rsj who must. 
comply with these codes. This view-,-in our opinion, iS in- 
consistent 'with 'the iiitent..of th‘e M,etric"Conversion Act to' 
make conversion 'voluntary. In our 'opinionjthe 'Highway Ad- 
ministration's authorit,y, to impose such ,regulations-‘is ques-' 
tidnable; _I > ,. ,. 1,. ,. . . 

'. ., ., 
Speedometers and odometers :: 
We also think that the pr'oblem of converting s'peedometers 

and odometers was too iightly considered by the Highway Admin- 
istration:' The Highway Administration feels that the driver 
can easily and inexpensively convert a'customary sp,eedometer 
to metric by plac-ing a metrically calibrated decal ontlie 
coverglass. z 

., ,. 
Canada has made decals available to' be plac,ed on the 

speedometer coverglass for its conversion of,-speed limits-in 
September 1977. We do not as yet know how effective use of 
these decals has been. ,., ', 

: 
miles to kilometres 

(Fits ali shapes of Speedometers) a’ 
milles erxkilomittres 

.(Ac$ptatioq universelle). , 

Race stickers on glass as follows; 20 km at 12% m, 
40 km at 25 m,,and each following km sticker at each 

Directions pour placer les indica’teurs mt%riques. : 

12% m interval’as shotin on the chart. 
20 km A 12% m, 40 km A 25 m, etc. Tous les autres 

0 CXPVRIGHT, 1974 D.A. HCWE 
indicateurs doivent Btre pIa& par intervalle‘s de 12% 
milles comme I’indique I’illustration. ‘, 

D‘J Howl HOLDlNQI LTD. MAcf IN lxNAIDI\ FegRlouc AulsNm4 

We interviewed two Washington area mechanics whose,com- 
pan‘ies specialize in speedometer repair work. These special- 
ists told us it is not likely that the average motorist will 
place decals carefully enough to ensure that, customarymark- 
ings are'accurately converted. Secondly, they said.even if 
properly placed, the sometimes 2- to 3-inch separation between 
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the coverglass .and the spe:edometer dial is enough toa caus.e 51 
.inaccurateL read,ings -except',when the driver views the speed-':. 
0mete.r from dead .ce.nter. .(--The Nati onalJ,,Hig.hway.- Tra-f-f$CSafety 
z-Ad~'i,nist~:~tiofi. claims thAat. 1’72 to-,:l- 'inch ,tJdu$fj be a mbr'e., j 
accurate estimate.;,of' the:'average- separation: between dial and 
coverglass. )"I'Add'i‘tiori.$lly';'!iiiighti visibility of num'bers onthe 
coverglass would .be poor hat be-st because speedometers. are' 
usually illuminated behind the glass. Numbers on the cover- 
gl'as'swould be poorly il.luminated in a dsikened ;automobile. ,. " ( ,;,: : ., ,, 'r,, " 

-. Speedometer speclaPists said 'that time‘:for profession.a:ls 
to aemove 'th,e coverglass and install markings ,direc-tly to- the 
dial cou'ld '.r'a-nge f-ram ,'2: 'to ..4 .hbur's," ' de'pen'ding 'on, 'theautomo'bile 
or trb‘&k;' and, ,costi ,$"40; j-0 $7;5:::in' labor-. y ': :l ,-.(: : T, :$ : 

. : i ',. .: ,:, .".,: ._,. 2 "_r ,, ? .;a _..a '. : '. 
The sales manager of a German multinational automotive 

instrumen't&tiiq,n: co&e,rn:, r-porte'~,~to'Q~~ c$&f$:mafiy. P;u‘&‘raJian 
dr,i.ven:s: have h,onverted-l speedomet'ers ?vith a skit mar-keted,: by an 
Austr-alYan-,com@any. ?I’nsstr‘uc.t.i:on& with the. k.it ex-plain h.ow,;:’ ’ 

:..the owner can instail ,a,metrically calibrated overl.ay under: 
the coverglass :from the" 'front.'of.'the 'instrumentpane~l without 
having to -remove. the speedometer from the panel ;or disturbing 
a.ny 'of. the. speed'ometer: linkages. Because of, differences in c 
design; a, specific design -and.m?nstructio'ns were developed for 
-each, car: make and model).' ,,We we,re given a k&t designedto .fit 
the 1973:ito.. X97.5 American Motors Matador. ' The‘, inst~ructions 
set 20 minutes as the time needed for do-it-yourself installa- 
tion.. ,,: For',this'm'odel the" -process' seemed $e~lat'i.vely- sifn;ple. 

r .* ! i: ; ,.,l _ ., L ^ II _'.I : - ,! ' '; 

.' ,, 

I 

* 

: 

The two companies plan to ma.rket similar kits in the 
United States. The manager stated that research is in 



progress, not only to develop overlays th,at..will accurately 
fit the speedometer dials of American.cars,but to develop eas- 
ily understood instructions. 'He estimated th.at about l,.OOO, 
different kits "would be .needed to cover all automobile mod.els 
(domestic and foreign) -in.use:. He anticipates,. h,owever, that 
they should be able to market about 300 different kits for the 
most,,popularca.rs‘sold during the -past 10 years. 

These kits c.ould be sold for. $1..95-~$2.50 if U.S. conver- 
sion of highway signs is planned with sufficient lead time to 
allow sales thro,ugh aut,omobile manufacturers, dealers, and 
normal ,par.ts,,nerchandising outlets. Quick distribution of 
an estimated 34 to,45 million ,kits‘,with short lead.time* w,il.l~ 
require handling by's large number..of people with resulting '_ 
high markup. In this case kits could cost consumers $5 to $6. 

." ,I ., 
Conver.ting ,odometers rould be .a difficult. problem 

! 
We 

were toldlthat the odometer -is connect&to ,a drive gear on 
the transmission.. GM has kilometer gears which could be used 
to replace the gear on,its cars, 
has me.tric gears. 

but no other.domestic company 
Other cars would have- to have an :adapter ; 

installed and calibrated by road testing over a measured kilo- 
meter. .Each conversion would, be time, consuming ,and.could cost 
over ,$lOO.. The exact cost would vary with,the make, model, 
and year of the car. Specialists could. no!t ~give a,,better,. es.ti- 
mate because they,Nave never made odometer.conversions; 

Speedomet.er and 'odometer conver,sion,,then; would be very 
expensive to the driving public if it is to be done in a way 
that would not introduce safety':hazards.,- .T,his expense would 
be in additionto~ the &otorist',s' tax,.,',dolla'r,s used 
to change signs~ and- other.tr.a'ffic. control ~dev,i,ce,s.; 

by the State 
:, ., ., ‘Lb: ',.. 

Further SEudy of " “"'. 
.' . . ,:, 

.' t,, ..,. I .,l . .' .' 
human 'factors needed, ,.I' : ',,,:, : 9 ;.. 

Issues,,, such as whether 90 days, 18 months, or,some other 
period is op:timum for completing the speed limit ,change; 
whether it 'is better to convert speed limits'beforeor after 
other sign changes; when and how to orient the general public; 
whether metric signs need to be distinctively different from 
the present signs, and what human factors would ,be involved 
in changing from one system to an:other, should also be studied 
carefully before further"attempts,,are made to metricate high- 
way traffic control. 3: 

Dual speedometers required in 1979 -- u 
In March 1978 the National Highway Traffic Safety Admin- 

istration issued a regulation for speedometers and odometers 
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which:.included.a requirement 'that ,alX:new‘veh$cles:-manufac- 
tured afterAugust 31, 1979; .be equipped with sfieedometers 
that register in both miles per hour and kilometers per hour. 

The mainpurpose'.of this recjul:ation+,,accordingto an of- 
ficial of the National Highway Transportation Safety,Adminfs- 
tration; -was to-requireautomobil:e manufacturers:'to.use'85. 
miles perhour .or 140 kilometers per hour as the'top'speed'on 
speedometerdials. This would,eliminate higher speeds-lfke. 

-125 miles per hour on-the ,dlal'whidh; 'according. to thisoffi- 
cial, ,may influence immature‘,'drivers.to 'pause.-a,safe~Q"ha~ard 
by :testing their .cars 'to,see -just 'how: near they:can'come to'! 
the top speed'$isted..on the!s$eedometer. ,'Another purpose -was 
to require odometersto be made more~~tampPrproof+ thus~protect- 
ing the buyer:of a used car from.,purchasing a car .wh?ch had: 
the odometer setgback creating a possibility thatthe car 
would,:have 'highe,r: mileage&nd codsequen,tly,:ne~d,,,moL~ niainte- 
n&nce t.han indicated by the. mi;k@:e shown. ::' ', i j 

I,, ' : 
: :!,, .' I I. 

. . . ;. i.., 1 ,_ :. /. f ..,:(I ;' ^. ,' 
In >the. proposal thzat w,eint ,ou,t for comment in :Deceinber' '( 

1976,.the speedometer readings.uere to be -in customa-ry',but 
gave the automobile manufacturers the -.opt,i:on,&f ~incl'$rd?ng 
metric graduations. Unilaterally, between the time of the 
original proposal and the final- ruling ;..,,t;he, Safety Adm‘in$s- i, 
tration changed the speed,ometer regulation.to require all 
new motor vehicles to .have' d.ua.1 speedometers--metric and cus- 
tomary. This ru.l.ing,' accord-ing :to. an agency offic:i:aZ,: ..was made 
total.ly on the 'initiative of the> S'a-fe,ty AdministratiIon;~ '+ 
Whereas,automobile manufacturers ..and others had..and opportuni‘,ty 
to comment 'on. the original provi,sions :in the 'regul:at?.on's:, they 
did not have a ,chance.to :comme.nt on the--du-al: speed~ometer re- 
quirement. i I, I ,A.; , ', I' '.X'. ;- : ;. 9; /.". .' \ ,.‘, '. :' '. " 

:. This official told us 'that-'the decision was influenced,"by 
the .Department. of Transpo.rtatio.n 'order, promoting metr'icat'ion in 
its administrations and .the Federal Highway,'Administ:rati'on's- 
actions to have all.road signs changed to.metric. The "Federal 
Register" dated March-16,.1979.contained‘the 'following state- 
ment b.y the Na.tional. .Highway. T'raffic Sa,fety, AdmZn.istrat.ion: : ._ ;. : i.. ,._I. _: 

"Differences between .the, propose~d .and final r,ules. 
The proposed rule 'would. have .requ‘ired,-speedomete'rs '.:, 
to be: graduated in. miles;.: per::hour and ,a'liowe'dd- inanu-. 
facturers. the option of add.ing gradu-atians in :k+lo- ' 
metres per hour. Th.e final'.“rule *requires graduations 
inboth. systems of measurement,-' Thisproviisi.on. will 
aid the c.onver.i.son o:f +the': United: States to : the .metric 
system, consistent with, the.'Metr'$c.Conv.er-sion'Ac:t" 
of 1975. Some road signs,..in this country and' in. 
neighboring-.c.ountr.ies. alread'y use-.the system. 'The . . 
dua.1 graduations -of speedom,eters: will, aid'motorY,sts 

lo-l.4 
.‘, 

‘.” 



inbecoming acquainted with the metric system. As 
a result, theiracceptance of the system.and abil- .' 
ity to use it will increase.!' .' 

Since thi,s regulation .was only recently issued,,,we do not 
know what-impact it will have on motor vehicle manufacturers 
particularly truck and,.motorcycl.e.manufacturer.s. Some .auto- 
mobile manufacturers are already producing cars with dual 
speedometers. : -Whether ,this .regulation will..disrupt;:their 
timing;schedules.is unknown,to us at,this time--it will coin- 
-tide with the introductions,ofnew models in..the fall of 1979. 
'More i,mportantly; the-measurement.portionof this regulation 
was issued on the:,initiatifve .of the Safety.Administration and 

.was notcoordinated .with th?e. parties affected,. : (~See :ch. 11 
for !a detailed discussionofthe automotive industry.) . ,.., ', .' ) > ,\ _'(.. 

_: ,Thus,. t,his,-appears to::be another e~xample.of a Federal 
agency, ,the second inthe Dejpantment of Tr,anspor,tation, uni- 
laterally using its authority to promote metrication as indi- 
cated by the issuance of the-.regu;lati.on and.the statement on 
its action that the regulation I'* * * wil:l.a.id the conversion 
of the U:nited States to ,the metric system.* * *.'I 

BUILDING,,A METRIC ROAD 
.,L 

We found two, projects in -which metric measurement.was 
used almost exclusively in street. and; roadway. design and con- 
struction., The Ohio Department of Transportation resurfaced 
a -portion of one road and surveyed, d:esigned, and constructed 
two State, road,,improvement projects. The,city government of 
St. Louis Park, Minnesota, completed a: 9- to lo- block urban- 
project using metric design and construction. The projects 
were implemented to identify the problems that are likely to 
arise,when,met.rics are used inbuilding roads. These projects 
were done as part of the regular maintenance,programs. No 
special funds were required. . 

During the design stages of itsprojects, Ohio purchased 
metric qquipment and supplies for ,surveyors and engineers. 
The necessary equipment obtained for field surveying--a 
3.6-metermetr.ic level rod, a 30-meter metric drag chain, a 
50-meter metric box tap.e, and -a 3-meter metric pocket tape-- 
was available from a Columbus,.Ohio, supply house: at approxi- 
mately tw.ice the,.cost of customary American equipment. Mate- 
rials needed, for design work were metric scales and paper. 
Scales,, were ordered locally, but there was a I-week wait for 
delivery. Procurement of metric paper and tracing cloth was 
a greater problem. ,Delivery of the .cloth took an excessive 
amount of time and nearly delayed the,plans. Metric-size 
paper h.ad to be cut from pre.sent stock; There.were some 
complaints about the quality of equipment and supplies, but 



generally, procurement'of surveying and, design equipment and 
materials'was not a great problem;, " '. '_ : 

SEC7/ON A-A 

Construction detail shpwing metric specifications 

Courtesy of the Ohio Departm’ent of Transportation. 

In general, education of personnel wor-king on the jobs 
was minimal.- Field surveying crews were given a l/a-hour 
orientation and then given the metric equipment to practice 
with for a few hours. -After about a week, of field work, they 
.became fairly accustomed to.working in the metric system. 
On-the-job training after short orientation was also used' 
for design personnel. Results were reported to be good:, and 
accuracy of measurements and quality of work were generally 
as good as usual, although some workers sai'd they had been 
extra careful because they were working in a new system. i' 

Ohio also insisted that contractors use the metric sys- 
tem in all measurement and accounting during-construction. 
With this in mind Ohio determined that the range of bid 
amounts was not unusual, and no bids seemed to be,greatly 
increased because of the metric nature of the projects. 
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Contractors,reported a!.few problems,,,including ,increased 
price of ready-mixed concrete to- compensate the-:-supplier for 
converting his plant to metric (the total cost of plant con- 
version was $3,5OO),and difficulty,in.obtaining the necessary 
metric measuring devices.- Training of personnel on a need- 
to-know basis was not a' problem. 

; 
The City Engineer of'.'St. Louis Park believes that met- 

rication is coming. : Therefore-, he ordered a'9- to .lO-block 
street revamping,project to be d,one-Las completely metric as 
possible to identify:the advantages and;'problems. The con- 
tractors' bids on'the project were about the isame‘as a non- 
metric' job would be, although only four of'the!'usual six to 
eight contractors submitted bids. Thecity's design costs 
were about 20 percent.higher because engineers.'.;.,,prod,uction 
was reduced during a period of relearning. a'nd us'ingnearly 
forgotten metric measurement skills. There was also lost 
time and confusion..,on the- 'c&tra:cto.r's staff. Engineering c 
and'design equipment;costs were mrnimal, about $30.. Most of 

1 
this was spent for metric rules, tapes, and drafting paper. 

f 
71 E 

Dual measurements were used 'on.'the pla.ns.'sent 'out for 
+ 

bids so that contractors would have a-familiar base for esti- 
I! ;: 

mating. Hard conversions were avoided when,they would involve 
r 
i 

new construction machinery or materials which ,,may.have to be 
manufactured to metric standards, such as manhole covers or 
curbs.: Street widths, houever, were 12 meters; concrete was 
mixed using metric,,.quantities of ingredients and' poured.in 
cubic meters:_,and sidewalks were square meters in area and 
centimeters in thickness.' 

There was.soine distrust among residents whose driveways 
would be affected,because, they thought that the lo-meter width 
planned for the new metric driveway was smaller than the 30 
feet they already had. Actually their metric driveway was 
about 3 feet wider4 Some had,to be given an actual,demonstra- 
tion before they were satisfied. : ', ; I 

Although both the Ohio ..and the, St. ‘Lo.uis Park road build- 
'ing experiences were,successful.and identified. surmo,untable ). 
problems, both decided not to plan further metrication until 
Federal policy,.and,metrication of highways "catch up." Offi- 
cials in both situations felt.that the. metrication of road 
construction is not advantageous at this time because-the 
problems encountered would be expensive to overc'ome, :on a. 

!- 
; 

i 

large scale; and there were no benefits. 

An experiment with signs 

Ohio installed 33 dual destination signs on Interstate 
Highways to determine the changeover time in the pnblic : 

- 
/d 
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awareness, acceptance, and general- understand'ing of the metric 
system and the.&ffe'ct of 'the' signing.system?;on',the change.- 
Data was obta,ined by. administering,.questionnaires to motorists 
at rest are~s,,on'~he.,a-ffected.In~erstate Highways before. and 
after the signchanges. Two?thousand questionnaires were 
administered in Se,ptember 19735 i,4-40, in;April 1974; and 
1,570,. in.,,August., 1974..,' : : )_ ," : 

After- analysis ?o&the quest~onnaires,"Chio concluded that 
motorists we;e5abolit"]e'~enly div,ided, on the issue .of.;metrica-. 
tion. The. propo,rt;ion -of drivers,.:i'n favor of changing to, the 
metric' system decrea'sed ove+r time but,still maintained.a 
slight -le:ad ,,.,, ..,'~:~.~~~~s6:"o.~~d..th~~~"th'e ..dual unit, s’igning. i$ye&- 
tern, had no b~~~~.:~~i~ll:"e~~e~~~,~.~:on,;:awareness,.- u'nderst,and;ingii (&and 
acceptance- of 'metrics,; 'c.':, Sev$nty-f,ive percent 'of the respondents 
.indicated,' however;.;, th!a.t: dual ,un.i~t .destination sigRs would be 
helpful ih,.,fhe ..f~a,n.sitiijli,-~,of,~~~~~~ways l::to~:.-~h~~"r;le~ric sygt'eh. 

The ability:"bf;, ~~~~~r~,~.tb".to~~~,d"se ‘the~:,'c~~~~,ect‘~~~~~stoma.r.y~to;~,metric 

convers,ion for ‘dis:tance increased o$er time';.,, .,, ,!I, : " !' .' L .A .' (i_,% .* 
A ~LO'NG H&bL. FOR- '$-I~&&$." :;,.'-' " ', _ _' ,. '.". 4~ , pt., i. ,' .:,* '. ,',; ; 

The,Federal Railroad.Administrationis~ taking a low- pro- 
,. 

file in convgrsion. f-6 m+-'$$c ,:'ih, 'that & wi,l'l. *~,,A.J. ifs $etr-i- 
cat-on activities 't;o 'the r-t-' 'of. cbnvers'~~~ii!;~'-lj~~, ts'& ~b.ail,rdad 
industry. Its,, fgtu’ie p~J,.i~,cy’ w,il’l ‘,be ‘f$$fi~~‘~~&&d $i:&& ige 
Department of ,Tr,a,nsportation's #.&ideline's'. *Ir :Tht%;me.mberg ' :of 
the railroad indus~try 'seem.:,~.g~~~erall.y ,oppo'sed,,'to. :con,dera"ion 
because '(1) they. do,.; notsee 'ian economic adv.antagh' and' ( 2)'. 
they have an immense investment in,fixed',plant:',(-rails:,, ti,es, 
classification yards,:.*.et.cj; )' and rol,ling .st'o,ckt' (.locomot,ives, 
freight ,ca:r,s'; ,.,&itching engines h" :passenger. cars, "e'tc'. ) "with 
long-life ,expectancy'which would requiT:e'"r~~es-i~n,~~an~ .main,te- 
nance 'of d.ual inventor-ies o,f equipment o.v,,er '*an- extend,ed." time. i' .- t. :. -. .1, 

Officitilssaid that rpilroad,jsafety'iegulation[ is the 
only area‘ in whi,ch .the Railroad Admin,istrat;ioh could require 
change to metric by.'the'railioads., Th,ey could possibly revise 
regulations,,~‘:dealing with track, safety, freight car safety! 
safety appliances on trains atid~iocbm~t~v~s, motive power 
'safety, and.~other Federal safety regulations to include met- 
ric measure&nt. Even.,in: this case, the conversion would be 
to metric,equivglents (soft. c.onversion,) to avoid drastic 
changes in the physical dimensions in plant and equipment. ,. .,,. ' 

The Northeast, Corridor Development project and the Alaska 
Railroad, both operating under,the Railroad Administration, 
are the only major federally controlled railroad operations. 
The Northeast Corridor Project Office, which is working toward 
improving 'railroad service between Washington, D.C., and 
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$oston?by ;improving:;track~, signal;s,i,e$.ectrification, bridges, 
and the..+til$e has_had-.d,iscus,,sions ,'pf:':‘m'~tri;ca,tipn impacts s.ince 
1975. ,However , we,"were told that no.'thing'* ,of ',@onsequence has 
been done;. ,The.. No.rthe'~st~, Coir i'dof'~~'r:~~~g$Z~& ~consi~ered using 

metric fasteners on some new ins,tall'ati.ons~~'a,nd~.metrication of 
the catenary systems on new installations. (The catenary is 
part o:f;"'the structure .that';f,ahsmits .pow,e-r .to the locomotive 
mot0r.j N'either consideration has;,beer+:;decided'., ,-: ', Ty ,,', .'..L, 

A Northeast .Corridor off%iaI said..,that hard-metrication 
of railroad. constr.uction would.Yrequire ~exten'sive standards 
revision 'and:,: redef$nition. _ Th.,&ra~i-lr'~a~' ,i$dust.ky. is Gery 
conservative;' i,t.,~'$s ,.currentl.y, using ~'~an,~~s~~gn,aa.~,irl~~~ made' before 
,,lg'JO $$d,: is rel'~~~~$nt 'to,, changg i Soft :conversio.n :j:~woul,di"~accom- 
plish -~~~~tl~,,‘more”~~a.n a change ,in laqguqPg&:i $lh&,j::dffic$a.$ 

feels th&&*. i.s ,a iwaste"of '.time~~..., Wit,h,'Iya ta'rget date 'of Eeb'ruary 
1981, set-- to'Tcombie.$e .'ft.he :Norlther'BSt--Cbr:ricl'b;r',.developmept., 
there & .,i$b ’ t’im~:;::l::.~,~g~-~~.iallI’;:,,~it.ho~,~ ‘:e,ttf$$ $,c+d&fshlp,: and 
mandates ;~~-:~b.':~o,,-mG~h‘i-..abou,t metr icatlon':~'~,,,~~:, : ,:) ::I 

,: '. '.*" , ,, :. 
I, ‘.’ 

which refiretsents.90 percent of .the' 
that 
cuss 
this. 

of,fid~~ls’ at, thiir AS.spc~ation ‘o~~‘;~~mer’~chn Railrd~ds; ‘,_ ’ 

'railroad. in,dustr.y, to&d us 
the-large American railroads,, are reluc'tant to"even d*?s- 
conver,s'ion:to, metric. The two overridi,ng 'reasons', for 
attitude .a-,re::' :r _', ':_. ,', '. ', ,... -: ,.." I . 
-iA conversion by the rai.lr,oads to metric would re,quire 

a. tremendous butl,ay of money for noapparent real re- 
turn .or' benefit. :Because '.of the depressed f,jnanciaJ 
conditlion,of.most'r'ailroads, funds are not available 
for, this,, eve.n if they so desired. “",:j, . . L :, 

..:, ,.I 1 ; .; f . . . 
--Due 'to the magnitude"of',the raii':'&ystem and the long 

a'v,erage life of d~uipment~;.',;,.the 'conversion would take a 
. long :tcrne 'and cause numerous'inconvenjences,.pnd could 

'ho$d' up the progress o.f".the~ rehabilitationof::the en- 
tire: industry. (There are about 324;008~mil&.of 
-track,>::,'1.'7 million railroad cars, and 271600.10como- . . -_ . . _I -. . \ tives"i.n tne unitea states.): 4, I 

Before an$;metric cars can be put on line, air p&ts of 
the railroad system must be able:%0 handle and maintain them. 
Although there,are many'different railroad,companies, each 
is consid.ered' to be part of',~the ,o'ne,-,North American-:United 
States; Canada, and,Mexico--rail system. Freight cars must be 
interchangeable‘.:with capability for use througho'ut the system. 
One standard 'ga.uge(width) tr'ack'th.roughout.the system 
(4 ft. 8-J/2 in.) allows rail cars'to .move freely f,r,om one 
railroad* to another.... Although in time, 'metric conversion of 
other railroad'equipment may oc'cur-, itfs not probable that 
hard conversion 'of track gauge will ever be considered. 

'\, 
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The railroad companies really do; not know whether the 
Nation will ever*-metricate. However, the Association of Amer- 
ican Railroads is developing a~-'prelimina-ry p,lan. of :ac,tion;,to, 
use ;in .the fu.ture ,&f it seems that railroads must convert,. 
The plan will. attempt, to (1) def;ine all areas and.activities" 
of the railroad-industry that could be involved in metrica- 
tion, (2). provide a tentative t,imetable for conversion of each 
item,.considering not only the railroad indust,ry but,.the abil- 
ity of suppliers to .furnish needed equipment, (3) ,consider what 
education will be needed for employees and when it should be 
given, and (4) ,insure that coordination and<-comp,Xiance w;ith 
standard.s are :ach.ieved throughout the indusstry,. 

I', 
The Association of~America.n ,Raiiroids,is a member <of .t.he 

Railroad, Rolling Stock Committ,ee.of the.Canadian Metric, Co:&. 
mission. Since the Canadian railroad industr.y.isIso in'ti- ;<,: 
mately related to 'the.U.S. industry& the .Canadian ,r,a,il,roa.ds 
have had to delay hard metrication activities until the United 
States moves, altho.ugh Canada is about.2 years ahead -in plan- 
ning. " ..' 

Canada's Railroad Rolling Stock Committee 'encompasses 
companies primarily engaged in .building-,.rebuilding,, and. ., 
operating locomotives and railroad cars. The Committee:' 
stated that the U.S. convers.ion.will impose constr:aints~ ~ 
on the Canadian railroad conversion plan if the Associati'on-.. 
of Ameri-can Railroads defers the Ewriting of new specifications 
and codes. Canada, has set:19,83 as a .targe,t date-when all 
operations will be predominantly metric-.. 

Canada's Rail Transport Committee, which comprises those 
companies primarily engaged in operation of railways, for pas- 
senger and freight, has also set 1983 as a target to be .pre-, 
dominantly metric. However.,. it-too, states that while the _I 
industry is attempting to adhere to the Canadian National 
Program of Guidance Dates for MetricConversion, the inter- 
relationships of railway oper,ations between the two countries 
constrains,the industry in that the conversion must be coordi- 
nated with that of the U.S. railroads. c 

Conversion of tariffs ,. 

One metrication problem to be faced by railroads and 
other commercial transportation concerns (carriers) which 
transport goods is the conversion of tariffs--the schedules 
of rates, charges, and regulations for transportation of 
freight. Tariffs have every conceiyable.expression of 
weights and measurement,.a,ll of which must be analyzed and 
changed if the carriers convert to the metric system. Ta,r- 
iffs include the freight rate plus service charges, for such 

^ 
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things 'as switching services,) measuring,::tonnage'; r-econsigning 
shipments, loading, 'unloading, and icing peris,hable goods.'.' 
Shipment descriptions'; and 'shipping conditions a,re deEined 'in 
weigh,ts,' densitie,s; capac,it'i,e.s, gauges',: visco,sities, dimen- i 
sions, temperatures ,' : ,: pressures;, and other mehsures. ( :' 

:, 7 ,. : . 
All carriers subject to 'the Interstate Commerce !Act!and 

the Federal Aviation Act are .required to,,have their tarif:fs 
reviewedy'by the Interstate Commerce Commission or the Civil! 
Aeronautics Boa,rd and also ,make them ‘ava.ilable for publicin- 
spe&ion ,befo‘re publication., 'These agencies, examine-the'. 
tariffs for statuto-ry .and regulatory ‘requirements~and. th.e:-im'- 
pact they may have on users, especially' small customers. They 
may be accepted, negated, .or ,'suspended;a Published,,and filed 
tariffs. are binding, on“the car.rier,,,, the'shippe,r, .and Ihe per-' 
sons r-eceivi-ng :shipments i b The,-provisions become.an inherent 
part ,of. each contract~Erepres'ented by. a. b,il'l o.f .lading.. t I :i ; .,. ,. ., ,. : I i _ I,, ,,: '. 

.Presently; the United States:h'as- about 20,000 regulated. 
carriers. These include railroads, airlines, motor carriers, 
pipelines, transportation brokers, and express agencies who 
publish,prices for transportation., A; tremendous, library of 
tariffs exists', the vast ma.jority inthe customary system. 
An Interstate‘Commerce Commission official said, that there is 
no accurate.count o:f the number of,tariffs, but the-y run into 
millions of pages. To, give 'an idea o-f the'volume, he: sa,id 'the 
Commission processes about 400,000 .,tariff,.changes an‘nually. 
This amounts to approximately 1.5 million pag'es of material. 
This does not include the'.thoushnds of unchanged.'tariffs or 
new tariffs. 

In July 1976, to!open .the door for rate conversion, the 
Interstate Commerce Commission issu,ed'a statemen,t to the ef- 
fectthat 'railroads, mo.tor carriers, and other carriers, un-. 
der their regulation could convert tariffsj'to metric bzut " 
easily understood conversion tables must accompany the pub- 
zlished schedule. While 'the Civil Aeronautics Board has not 
taken an'official position, it told us that there would 
be no objection if the air freight industry wished to con- 
vert rates. At this time neither of these agencies intends 
to initiate tariff conversion, but will cooperate with the. 
conversion of industry. ,,. 

Conversion of tariffs will be a very difficult and ex- 
pensive ,undertaking: Its difficulty is compounded by the 
fact that prices must not be substantially increased or de- 
creased-in the process; Therefore, soft conversion would have 
to be made. In simplest terms soft conversion'would entail 
establishing appropriate conversion'.factors for all the mea- 
surement descriptions that are used in describing the tariff 
on which costs are calculated. For each measurable property 

lo-23 



in the, ,pre.sent s.ystem, there must be.an~acceptabl,e;physical 
quanti-ty defined.. in the metr,ic system *by which it. can -be, 
quantitativqly compared. A set of base:concrete ,units.must 
be contrived,- one for ea,ch :.-base quantity,% from. which a, com- 
ple.te translation .table. can .be .co,mp.uted. ,~ (, .I : ~;,,: (I 

"', ,_ : ':. 
;P;n official of the .Southern Fre,ight.Tariff Du,reau, which 

is one of the nonprofit agencies establiished buy groups of 
carriers. to publish rates, says thatone problem is that ' 
there are no absolute,metric equivalents.to c-ustomary&qua-n- : 
tities, only approximate equivalents; For example, 1. ounce 
equals 2.8.3:495 grams,:: or virtually :as many .+lac,es to th.e b'. . . 
right of .thej.,de.cimal ,.poi,nt in fractional units. ..as, y:ou would : 
care to express.' 11 i ! ,' VI 

i ,~ ; ,' .I 1 -> / " 
This then leads to the next step,, deciding on the tech- 

niques to be used- introunding +off,- k.eep.ing lin mind that. metric 
rates must remain as near t:he ;customary~ rates . ..as possible.; 
An off,icial ofthe .Association, o.f:.American. Railroads-told 
us that .the number, -of ,.sig,nificant digitcs used in-,the 'round.ing 
system could make the difference between profit and loss;f~or. 
a shipment. Another official felt that there may be a need 
to compute conversion factors out to eight dec,imal.places,,‘~ 

Once equivale,nts are established and the,round'ing system 
is decided:, the .,actual co.nvers,ion would 'tak-e,place. This, 
among other problemsr:.'would require recomputat-icon .,of the 
vast library of rates and s-chedu-les,' changing records of- ,.' 
the tare weight ,.and cdpacity of fr,eight car'siand;moto,r car- 
riers, reprograming:of computers, 'and'making adjustments to' 
marketing and other statistical programs. _( r 

The "Official Ra‘ilway Equipment Register,," {which pub- 
lishes the ,inside-outside door,opening measurements and'cubic 
capacities of all fre,ight cars, would' have to be conve-r-ted.' 
Publications'which de.f-ine package, d,escriptions and' regula- 
tions 'and the spec'ific,ations for'shipment of hazardous ma'te- 
rials prescribed'bythe ,Department'of Transportation tJo,uld 
also have to be converted to a precise,degree. P'ersonnel 
involved would have to be taught to understand metric units 
as easily as they do the conventional 'units of weights, and 
measures. These and the many other changes that would be 
necessary could const,itute an enormous amount"of wo,rk and : .-s expense; " :' 

: " 
There'are'many more people who ,ship goods by rail, air', 

highway, .pipeline, ‘etc., than ther.e.are,carriers. ,(No one 
knows how many.) ., It,would be difficult to ,assess the impact 
of metrication on these shippers. If metrication occurs, 
all agreements will have to be reviewed by carriers and 
shippers to account for the changes in units. 
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Both carriers -and:.shippers have been,.increas-ing-their 
use 0.f computers in tariff ~"computations'.' Computers are being 
used ,in -such areas .-as f'reight tonnage, :co‘s.t..analysis, ship-. 
ment routing:,- bili of la'd,ing preparationi; and payments; 
Conversion would necess.itate:programincj changesto ,accommo- 
date changes in units, rounding problems, and other statis- 
t‘ical progr-ams; A rdil,r+oad rate bureau studyjstated that 
if a round.ing system ;th.at .require,d more .thanthr:ee digits 
to the right of the decimal'%point is,+dopted, their prese,nt- 
computer program package:will- not accommodateit, and to ' 
change. could.be detrimental ,to the -progr.ess :already,:made 
in computerization:, s,Thestudy also, stated that d;uri:rig the 
tra.nsition- per i-od;" it .mould .be. necessary ifo.rcomputers tot<' : 
maintain dual capability. This would be a pro.blem:x (See ',.. 
ch. 18 for further discussion of computers.) ,. .. , a ', ; .(, i .", . . ,.- "; . , .:,: ,:, : r, 

;,: Alt;flough t~~er.e;!ii~:'..no""~~timate~'of 'tyhe ':&s,ts of tariff 
con,verr-sion, indications Laze': that .thsyw,ill: b,e .,substanti,a'l. 
The ti:o,r'k: involved would b.& enormous. ::we :"boJuTJd .-h,ot $denci:fy. 

.:direct' <benefits i to :carrie.r.s or shippers from me,trication of 
t,aj:iffs ./ ii. ! 1% ', .' ,;:.;,,. ,_ J ? , . . 

. . I 
MARITIhE ACT-1VIT.Y ' -_ )" 

: ,$' i .,I' .! ! 

,In the .United States:the maritime industry 'is an es- 
sential butrel,atively sma:ll industry. Shipbuilding, for 
example, 
sumption:. 

r,+resents only about 1 percent of U&S,&- steel, con- 

tions, 
The industry includes ship and terminal ,opera- 

sh,ipbui.lding, 
na.val architecture 

marine equipment manufacture and, svpply, 
,.andi,marine and marine-related engineering. 

The maritime industry has been confronted with a mixture 
of measurement sys terns.; Sqme componentsproduced in metric 
countr-.ies hav.e f~ollowed metric design although not a1wa.y.s 
ST metr..i.c; ,-I ._ the;y may be hybr..i.d me-tric ,systems. Components., 
madeiin other countries, tend to be in inch design ex,cept for 
parts, such, as bearings, 
tiona.1 standards. 

that have been produced to interna- 
There have been problems when parts made 

in different units must be-used together. The.;maritime in- 
dustry has also had to deal with a confusing variety of 
units used, in international commerce. 

. . . -' ,,' 
planned conversions would be ,beneficial to the,,: maritime 

industry in terms of (1) rationalized engineering standards-- 
the oPPortunity to develop standards that reduce the number 
of product sizes, (2) reduced inventories--an opportunity 
for cost reduction through international standardization 
of a.smaller number of product sizes, and (3) coordinated 
education and tra.ining-- the opportunity to eventually'teach 
one system rather than both metric and customary. 
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,. .? ,In mid-1972 the Mar,itime. Transportation. Research Hoard 
o-f the National Research Council,, NationalL Acad,emy: of S.c"i- 
ences;. began developing a .Comprehensive plan !for. orderly . : 
conversion to, metric f0rthe.U.S. marine indust,ry.. and ,those ~ 
Government agencies-concerned,;with maritime matters. Be--[. 
cause they felt t.h.at.,me.trication was proceeding: at. .an in? .I 
creasing pace in.the .United States, the,Board agreed to 
start .with the-.premise that the United States would,.soon 
or eventually go ,me,tric.. Tee. rep0r.t , consequently, did not 
consider- the questions: " i .' '_ 

..' 
--Should the Nation go metric? 

: '. .', *.: 
L-What. are the benefits,- and cos.ts of, U..S'.' 

f; i. 
metr,ic.ation' I: 

1, Ivh ,the,extent to ,which conversion will enhance 
U.S ;, penet,r.ation. of f,orei,gn, mark,ets.: or ,., conversely,. 
penetration of U.S. markets by foreign exporters.)? 

a. I,.. 1,. :., I' " : ,, . 
The.. ';ep'o.r:t," I' Maritime .Metrication: 

',!/ 
A..,Recommended ., Z. '_ 

Conversion' Plan fpr,: the U.S. -M.aritime Industry,.:'. was published 
in December 1975 just after enactment of the Metric Conver- 
sio,n Act;. which of:-,cours,e, do.es.dnot include a tar'get period 
or a policy of converting to. a predominantly metric, system. 
However,.it is still, e.xceptfoa,time frames, held by the. 
Maritime Administration as the'me.tricat,ion plan for the mari- 
time industry. .,: , 5'. __' : ‘ .z 

; ., ; . '. .-' 
The repLort.,yecommended. a.conversion program-wh,ich dis- 

cusses the- organi-xations thatmake.up.:the maritime industry-, 
their interdependencies, and the recommended time phasing,of 
conversion to the metric system-- soft conversion.where neces- 
sary, followed by hard conversion of design and manufacturing. 
All activities, if kept on a tight schedule, were planned so 
that conversion to metric would be substantially.complete 
within 8 years. .- 1, 

We discussed the plan..with-an official of-the Maritime 
Administration, 'the agency which aids.in the development, 
promotion and,operation of the U.S. merchant marine service. 
He said that the report was a good one, but the time frames 
recommended were not attainable because (1) the Metric Con- 
version Act did not establish a mandate for metrication, 
(2) the U.S,.. Metric Board had not yet been established to 
provide coordination, and (3) there has<been no marine ac- 
tivity in The Am&rican,National Metric Council since 19-74.. 
(We found that plans are afoot to reactivate,ANMC's Maritime 
Sector Committee with the American Shipbuilders Council 
as secretariat.) 

The Maritime Administration official said that the-U.S. 
shipbuilding industry is very small by comparison with other 
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industries and does not 'have theclout to force sup'pliers to 
provide metric materials and supplies; He indicated that the 
industries which supply:the maritime industry's needsdo'not, 
seem to be anxious to‘change to me,tric. The maritime industry 
will -have to wait until metrication .ismade economical to 
these'suppliers by other industries, such as the automobile 
manufacturers. In contrast, 
tions, such as Japan, 

>major foreign shipbuilding na- 
Germany, and the Scandinavian countries, 

have no.problem be-cause their suppliers have metric. capabil- 
ity. However, their production is in CGS' metric L/ which dif- 
fer's somewhat from SI metric. 

The Maritime Administration believes that metrication 
should come from within the industry and not be pushed by, 
the Government. The Maritime Administration should keep pace, 
coordinate,' facilitate, and assist where‘possible., 1 ,' .I. !, " ~'. 

The Maritime Administration had a firm of marine consult- 
ants develop a plan recommehding, the'role,it should'play in 
leading the maritime industry-into conversion. 

: 
The plan, "Metric Conversion-Study, f,or' the Maritime Ad- 

ministration," concluded that the Maritime Administration 
should follow the spirit of the Metric Conversion Act, by 
assuming the philosophy that ,industry must;voluntarily'set,, 
the pace in metrication. The role of the Maritime Adminis- 
tration, therefore, should not be one of forcing metrication 
on the industry, but rather that'of a:coo'rdinating and 'facili- 
tating agency. It estimated,that to do this.,- about ,28,300 
staff hours will be required over a period of at 'least 10 
years‘. We,'calculated that this would cost, including over- 
head, about $480,000.. ', 

The Maritime Administration has, accepted the lead role' 
and is in the process of drafting policy for action; ,In im- 
plementing this leadership' role, it expects to encourage 
Government organizations‘which have regulations affecting 
maritime matters to metricate them in support of maritime in- 
dustry metrication efforts. The Maritime,Administration will 
also give assistance to industry in identifying and converting 
standards, specifications, and manuals requiring change. 

The Maritime Administration has already attempted to in- 
fluence metric conversion in the'shipbuilding industry by is- : 
suing both the "Standard Specifications for Tanker Construc- 
tion" and the "Standard Specifications for Diesel Merchant 

L/Centimeter, gram, and second are used as base units for 
length, mass, and time. 
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Ship Construc~ion"...,,in ;,dual unitsi, ,with th,e eq-uiv.alent metric,, 
units shown. f,lrst ',and customarp.:~'units, i.".';pa,r~~~:~,ese'~. 
specificatib~~,‘~~,r,e 

'* sTB,&s 6 
foii’;Ithe;:.~,~~~~,l~in’~~“~~.~: ,+.F,Jai:dy :;s.fi;~,~ps,, ,thdse- 

ships for which- th'e.U:.:S,. '. ~~'~.e~~n~m~~'~,~..sE‘ijsid'..i~8~~~he~,~~,dif~~~~~ence 
in cost between a::.,s,h~p;.bu~lt~'-in.~xAin,~";,~~~:o~~~~~~ies~~~h.~.e'~inpiinents 
and materia,$s and,~,sne;,built.-,.~~n, a- ,f:,orelgn_ ,shipya$; : .' ' .I, ",,c, .>,. (i ,..' , ,., _,. ; ;i .c ,-.:.: .::_ c- 
A view from .industr' ; .':;:;,,- :,,: :,:, -;~y.$~~~,,'~ IL_:x_: :.' b. .T_ ,::.I, "'f ,‘:t',,: '1 ' "s ;, 

.I.. ._'.; _, _. ,_..,), "' ,.C' ,, _( *.I _,. $3' .,t.. ;;'& ,,, )' I: 
The 'Am&j&& Inst:itute;,',.,dfii:Me.rc~~:n~~~;,,Sliip.~.ing ii;!, &'i$' ass;- 

c id't ion of "~~c~&c~'~ S r'+@$&~ '~~~~~~"~~~,~~~~~b~'J't,, ‘:3,5 c,($pgp ie?~),, 2M.,t!.'The r *': 
members include' co&&n-ies; operat$ng oce,,an Ilin~.r.s,,,~~.!~K~.~cargo 
ships, ,c ?,~~s t g;~~;,.~~i~~~;~ "‘ ~'~~ ,~~~~~~~~~ I '.', ~h,,e E x emit i v:~; j .sec.~~~~i~'~; ,. ,, 
told us th:q$, fgt: :th is'.:,,f-me :th&$ 'i&@$~.t~y, 'i.s i'e'iC&i:&i 'I &;;b,(khers. - : .; *&p, +- ; lr,, ;:',,s + The, industry has ,adopted a!;. @;f,oYk$o:w on,", p:os,%t.?:on,. In' metr$,ca-- 
tidn. The' '$@~~t im$ $g.an e6e.r t,$-$ $f&$ &se d r $h$,-@&i d','&&$ iA< 
the plan the" industry~;lijs ..to wor,,k,~:'@nder,tl ..,'; 

it&.;;: 
, ~&j~&$@$ && , mar ig i$e 

indus:try is 'pgesent-$ .cc?~~~atib'l~~,:with:,mBt'ii‘c,"w~~ :'$'&~&~,(.to,J'a, 
becadse many, of ‘the 'fe~~in'&&;,~l$g -'~.eat,~res-~.p'ump.4 "&:&J ',&~~&s,+-on 

ships are e'ither -metric or:'duai now..., Ther,efor'e,f eng&$eers ‘:, are 8"~mewki;at fa.mi'~,iar' ~~'~h-,:~~Pi.,sy,~teni.,,'Navigat~~~~n--ls~P bf,."com- 
pass, sextant ,,,;?nd;. oth&r i,n,s'~~iini-e:~~~~~'~-;wi:il no~~j"be....distur.~~~, 
for a,, iong ,,ttm&. Fe,. a,lgo I @ytiii&$a., ,j-h,&‘c:: the.,.;,U.$gt m&r iit.+me;;c:,. 
industry uses. only '&o,ut . 1 ~per'cent. of" the Nat;ion:y,s steel out- 
put; therLefore, in!; iS;,,~~~'~',',~~all:, t'~ C a.Use ~~~t;i"~c; '~onver'sion 
the st.eel ,industry-b,ec:gu~;e":'o.f ,$ts demands..!?. ,Aithough "very, . . 

of 

little is being ,,init.ia;ted+ no,w, 'he though&the, ,mar+time,. indus- 
try would, be, quite."w@ling. to convert whe& .nec.essary:. ; :\F 

,_" 
U.S.,Coast Guard 

: .; 1: 
:: 2 .,,: :_ ,' 

.::. ~. ,.' .'c ,: : '"' 
The Coast. Guard('is char,ged with &piementi& laws that- 

are concerned with. safety at sea, in harbors,, 'and, ail t'he, > 
navigable waters of,the United, States;~.+%3 ,m'arine, property, ,+! 
includ$ng .,the safe'carriag,e of cargoes?. The Coas,t Guard- ap-' 
proves 
sels; 

,plans' for constructi,on~,: ,repai?;i' and .alteration of“ves- 
approves,,:-mat,erials and-; 'eq~uiPm,e$it used in the construc- 

tion and operation .ofl~ve's~~ls;-:inspe~~s‘vessels- and their '. , 
equipment; issues permits for vesse.l, operation-s th,at:*may :be 
hazardous; .,and issues l.icens'e's.' to U.S. Merchant 'Mar ine?,offi- 
cers, seam;en,, and harbo;r .pilots. '. ". .' . ..' ,' ~ - 

The Coast Guard policy. ,toward conversion is generally 
one of keeping pace w,ith conversion in the:private sector. 
The Coast Guard,plans to uze:,.metric in its activities -consist- 
ent with the.;operationaI,,,,economical; technical, and safety:? 
considerations,,which are in the best interests of the, service. 
The system in which an item is ori'ginally designed is'expected 
to be retained for the life of,the item unless conve.rsion 'is 
necessary or adva,ntageous. When the item being procured is 
a military item without a commercial counterpart, metric 
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specifications may be developed as the,need arises." .(+Du:r,iag .I^ ,.,. 
time'of, war, the Coast Guard becomes a part of the‘U.S. Navy.) 
Metrication ,of Coast Guard operational activitie.s will'keep 
pace. with the Navy. ,I : ., ,“.I 'i. ..~, - 

L .;. .J 'I' 1 , ., 
We were advised <that in.'the. ;.Coa,s-t Guard, 

1.: 
'the Off-ice‘ of 

Merchant Marine Safety; would- have..a.major role to,.play if ‘:: 
regulations are changed to metric'.;. Their. legulations cover 
such things as ,allowable . ..bo.iler --pressures-, strength -o.f :boil- 
ers .and tanks, and design of ,cargo cdmpartments:for..transpo.rt- 
ing ,hazardous .-ma-teriazls'. .Metric conve+rsion would call ,;for : 
changesin these regulations.- :,They are revising old,er'-reg,u- 
lations which*.need "updating.5 ~Met.r,ic:,,.:c.onve,r:s.i,ofi~,.is being : ::, I J 
addressed >in all new regulations.:," In ,many cases,- the conves:- 
sion.is soft. If, however, regulation;s: Are ,har.d ;converted 'to 
\metric, adequate time 'must be :a.llowed for shipbuilders to 
incorpora,te the ,n.ew specifications, into ,designs --.for 'sh,ip con- 
struction,;: : :Hard ,'conversio,n ‘to SI' units: is ?.pend.i?~gi,,,ani.'.a~ree- 
ment .in th,e International Marine .,Co,nsultative Organizati,o.n; 
a United Nations unit. Coast Guard representatives.are, cur- 
rently working through this organization to produce an equi- 
table and internationally acceptable :formula for,:conver'sion. ,,. .I .I -.,I, ,' 

The Coast Guard feels'-that.transition to:metric usage : 
will be evolutionary, involvi.ng principally new :.syste:ms 'and-: 
facilities, and will .normally not ,include, thel:redes'ign ::and : 
modification iof existing, systems.. ,Becau.s.e ,ships have 'an- ex.- 
petted life of 20 tot 40 years, changeover will be slow. In- 
dustry ac.tivity will determine- the ':pace.. 'I-. : '9. : 'I: 

..: $;' ^'. ,.' 
Officials sat the Coast .Guard Of:f'ice :of:'Hoating -Safety, . 

which ,pr-omulgates ,regulations yfos. the eqwipment and op.er,a-. .y 
tion of.pleasure boats, stat,ed that they al,so- ,are not plan- 
ning .to me,tr.icate these regulations until the boating industry 
takes the,lead. .They also said that there ,is no advantage::: 
for the! Office of Boating Safety to:.;change "regulations now,;: 

..,. i' '.. : 
The officials felt that the metrication of ,marine mo:tor,s 

is closely tied in with the conversion of the automotive in- 
dustry because most boat engines are manufactured.by that in- 
dustry. They noted that two major foreign,*makers of marine:. 
motors use customary specifications in ,manufacturing mo.tors. 
for use in the United States. "::: II. 

.: 
The Office of -Boating Safety has recently- rewritten L 

regulations 'for marine fuel, electrical systems,-flotation, 
and horsepower. The customary system was used. These offi- 
cials said, that changeover to metric would ha,ve required 
massive changes in the technical parts of .the regulations. 
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Maritiine freight rate.s ).. . . 

Although most rates,used are based on customary measure- 
ments, some of the conferences (groups of-shipping companies) 
are filing rates based on the metric system with the Federal 
Maritime Commission.. The first conferences to take this 
action, were the .New York-based Fa.r East Conference and the 
PacificWestbound Shipp-ing Conference of San Francisco.: The 
shiplines,in. these conferences transport,freight from the 
United States to the-Philipp:ines, Cambodia; Chin-a,. Thailand, 
Hong Kong;, Vietnam, Japan, .Korea, Taiwan, and Siberia. Met- 
ric.rates were effective January -1, 1977. A conference osff'i- 
cial said, thatcon,versionL,of rates to,metric.would have to 
be done -sooner or later. The, two confere.nces decided ,to do: 
it,now. Under the, change, metr.ic rates a.re based on a ton 
(1,000 kilogramswhich is equal to .2,200.pounds); or a volume 
of 1 cubic-.meter. .. Before t,he c'hange., ,tariffs were ,,based o-n 
the.2;00.0-pound ton or 40:cubic feet. :Maritime,carriers may 
cha.rge -.for a shipment on .a. basis of .weight or volume, which- 
ever brings in.more revenue. : 

Xost shippers still ship mate-ria1s.i.n customary sizes 
or weights. However, jthe conferences' shiplines convert the 
sizes and/or weights ,to metric. ,Exact equivalents are.used 
and the.re were'no increases in,rates. "Tweed's Accurate 
Metric Cubic Tables". is the guidebook used at the piers to, 
convert all nonm'etric weights and sizes to metric. 

Representatives of both conferences told us that rate 
conversion was not a big problem. The conferences' statis- 
tical,programs incl.uded a'11 items for which'rates were to be 
changed. It was simple to analyze the items and make metric 
equivalent conversions. A.Far East Conference rate analyst 
took about 3 months to do the job; Th-e Pacific Westbound 
Conference took about 2 months to do its approximately 750- 
page rate book. The Pacific Conference estimated that 
$50,000 was spent in the process, but most of this was ex- 
pended in having new rate books prin'ted and.distributed. 

The Federal Maritime Commission told .us they have exam- 
ined the changes and found they complied with regulations. 
The Commission's involvement entails examination, of.the new' 
metric tariffs to ensure that there are no substantial price 
increases over the rates charged for customary shipments. 
The Maritime Commission expects tariff conversion to continue 
with the U.S. ships which carry cargo to foreign ports but 
remain customary for a long time for ships engaged in coastal 
and domestic trade. This is another example of metrication 
leadership.by firms engaged in foreign trade. 
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I PAGE I TARIFF NO; 27 ” F. M. C. ‘NO. ,lO 

From:- U’NITRD .STAlF,S ATLANTIC and ,GU,&F ,.POpTS 
To: YOKOHAMA, KOBP, OSAKA, ,NAOOYA A TOKYO, 

MANi& HONG, iCONO, KAOI 
and RUSAN 

For applicable surcharges s-0 pago-3’ and for ratii to 
other ports soo pages 38 thru 44. 

w 

EXCEPT AS OTHERWISE PROVIDED HEREIN, RATES APPLY PER TON OF 1OOp KC+ (?204.62 LBS.) (W) 
OR 1 CUBIC METER (35.314 CU.FT.1 (M), WHICHEVER PRODUCES THE GREATER REVENUE. 

_ _-..-.-- -- . . . . . --. -:.-- 

Group Ports 1 2‘ 3 1 5 
.. Nagoya : . . 

Yokohama 
: :,( ;“. .Kob& . 

Osaka 
Commodit’) ‘., Rate Boris’ ,Tokyo 

I 
Corn Meal for Human Consumption 

Balers 
Nt C. 

A:C 
; ,154.OO 146.00 _.: 

162.60 154.90 

Hong Kon 
I 
150.00 
158.00 

,‘. 

Corn Meal, Donated for Relief or 
Charity by-United States Govern- 
ment Agencies 

.‘. Bags 
Rule 28 

Sorghum Grits, Soy Fortified, Donates 
for Relief or Charity by United’ 
States Government ,Agencies 

/‘, Bags 
Rule 28 

Breakfast Cereals, Prepared for 
Cooking, Except Rolled Wheat and 
Bulgur Wheat - N.O.S., Donated for 
Relief or Charity 

Bags 
Rule 28 

Bulgur Wheat, Prepared for Cooking 

.: Advance in Rates effective March 1 

+ 

wt Tar 
A: Tar 

Wt Tar 
A: Tar 

112.00 107.00 
117.00 112.00 

.’ 
‘,( 

112.00 107.00 
117.00 112.00 

wt Tar 
A: Tar 

135.00, .127.00 

t 

142.00 :ld.OO 

at .c 
A: C 

127.00 121.00 
133.00 127.00. 

t 
1978. CREDIT: 

109.00 
114.00 

109.00 
114.00 

115.00 ,109X 
120.00 114.00 

131.00 
-137.00 
I’ 
I 

136.90 130.00 
143.00 136.00 

123.00 
129.00 

1 
:sy OF THE FAR EAZ 

I  

COURTE 

130.00 123.00 
136.00 129.00 

I 

047 d220 33 

047 0250 33 

048 1130 02 
', 

CONFERENCI 

PAGE FROM FAR EAST CONFERENCE TARIFF BOOK SHOWING 
RATES BASED ON KILOGRAMS AND CUBIC METERS 
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In domestic commerce minor changes in regulations will 
have to be made to allow carri.ers.to file tari,ffs in metric. 
For example ,, one regulation.,requires reports 0n.a revenue ton 
basis; another re,quires small ve&el 'exemption-'exPre6s.e.d in 
tons and liquid bulk exemptionexpressed in'gallonst and- still 
another, the Automobile"Measure"Cuide, kequires.autom'obile 
sizes to be reported in cubic feet. 1 . h 
ST. LAWRENCE SEAWAY "' "' 

.4 -. ,. 

: -The- +k..: :La.w:rence Seawa~~~~D~ve~~opment~-~Co-Pp~~~.a~tion ofi.: the 
Department of Transportation operates and maintains, 'within 
:the territorial limits of the-United States, the portion of 
th-e. St., La.wre,nc.e Seaway- between Montreal and Lak,e Er.ie. The 
Seaway 'is a,network.of navigable waters comprised'of the St. 
Lawrence ',Rtiver'".and,,the five $re,at,,Lakes. and con~sists of some: 
,9,500 square,miles of waterway. It provides access to impor- 
'tant cities from Minnesota .to the Atlantic Ocean. 

The Seaway Corporation: bega,n planning for metric conver- 
sion in'1975. Because operation of the St. Lawrence Seaway 
is shared by'the Corporation and the,St. Lawrence Seaway Au- 
thority ofcanada, the United States, and-Canada.are .,cooperat- 
ing andicoordinating metric activities so that"there'will,be 
no confusion'among .the,work{ers, shippers, 
erate or use,the seaway. ! 

and others who op-. 

As a consequence,; their metric conversion activities 
ha-ve progressed s0mewha.tahe,ad,of other- agencies in the De- 
partment-of Transportation'. <-At present, 'mar'kings on the locks 
of the Seaway, air and water temperature monitoring d'evices, 
water level g'uages, and tonnage tolls charged to vessels are 
being changed. The Montreal-Lake Ontario map is also being 
revised to metric units. 

Although ,the Seaway:Development Corpqration a1read.y has 
some capalbility for rec,ording 'water levels. in metric,'it must 
distribute its reports to other U.S. agencies in customary 
because they,are not piepared to handle metric data at'this 
time. 

The Corporation has already made progress in training the 
'approximately loo-people of ato'tal staff of 180, who mostneed 
metric skil,ls. Training -is' being conducted at St. Lawrence 
University in Canton, New York, and Canadian schools. 

URBAN MASS TRANSPORTATION ADMINISTRATION ,I 

The Urban Mass Transportation Administration of the-De- 
partment of Transportation is responsible for the d.evelopment 
of improved mass transportation facilities and equipment. 

I 
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The metric coordinator said that Urban Mass Trans~q~-ta~io;;i~~was 
probably the least developed in metrication planning than any 
of :,the other ,ag~nnees:-,dni;,~h,e'~.~~p~r~me'~t. of Tr$&s@4r,t&$bna 

:. "-'..-,,, ., j,: :z ', <. 73. .: .: <. i. ..',.,:: ..I. j * ., .:.-.:+-y .- ',,, -,J ,, : : '.-I 

-’ In March: l”976z;iA-u$ Ur;ban!( Mass iTr&sport&$on ‘T.epfds’ei$ta’~ 
tive ' on the,,Department's.. Met.ricat&on Workiny Group submitted 
a plan ,reeommending' .th,at:,Urban, Mas.s Sr'ahsp'orta~~tion estab$ish 
a.: po,l,licy f.b"a.f-$ &.tricabion '.whi&. wob.ld: s-i@@ert..pri'v&ke -s&c-" 
tar. &ctivities;' el$m.inat;e sta'tutory Ffid bthep.,,b$priers tb ,', “ 
change, establish target; dates for key conversion event-s). as'- 
si!s.t in- m&tric!:@duc~tY~n, convetft st&tfiis~.ics' .a'nd rre@orti.hg to 
metric units, and begin. procurement by -maetrie speci~f~ication's': f (., >,\ \,' :-, 

The Deputy Administrator, however, was concerned that 
such Ia pol5c,y: cVou,l*d commit Urban Mass-,.Transp~~tat~~o~~. too 
deeply .Pnf--‘t !jQl&&ntin9 .&Ctions': b~yo,nd,"h~?il'ab,~e fin!&&ial: ,. 

and,,.per;S'onne^l':.,r.es;ourc~s 1~ 
however,“ the’ Uk,)ja’iiP .~~isS 

; The ;&com~&&ati'oh $$$:a$ 'h5+&ppk,dQed; 
T~~~spor’~~,~la~ “A~~i~i,s-t”r’at.~ori is ~~~~ : 

,tempting’:. j-i d,eeed&$fi&, ‘f&e.: &t&nt” of’ such’ im:p’&be& ih th$. h&t,.k:Pc 

conversioni plan. it is prebaring in response to 'the:'Depart-' .,... / : I, ', me,&'g'o;rder. 'Y. : 
.: j L: 'I : .., j_ j '. ,, .: i 7 .'. ',, :.,i . . . 

:-a hh,e'l official we' iht'erviewed i said' the Urban'.'Mass'.cTrans'-, 
par,cati&n Admin:istration: is 'not:.: in .& position todai&:at-.'kert- 
ric usage”?itko:the c.iti,es- receiving -its grants, but 'he"! f.elt 'that 
it,. Coul'd play' airole in: promoting metric among : trarisit'autho'r- 
ities and industry' as one':w'ay of redutiing, co'sts over, ,the 'l'ong 

'term-..through. savings -in.staff. time , possible expanded"!market's 
for"transit~equipment:manufacturers, and *he op*@ortu'iity ‘j-y 
standard;~.ze"parts' an&&her su'pplies. i ? I' )I 1'~ 

‘: ( '.,,. 1 .' ._ 

He said that manufacturers of equipment would probably, 
resist change to metric because,':chang~~~,"i'~.. desig'n,will‘be 
perceived as introducing new problems in performance.., .Main-" 
taining dual inventories would also be a cost which must be 
considered. .The longAli,fe expectancy of buses and the'20- to 
30-year'expectancy for rail cars will prolong the'period when 
dual parts inventories must be maintained'; :' -: ._ _' : : 

: .However, oncX Urban Mass Transportation develops its plan 
for conversion, it may be possible to influence some' of the.,, 
transit authorities'receiving grants to implement theirproj- 
ects in metric;+ This.-'would mean.,these authorities would:.have 
to specifically'require"cbntractors to use metric designs. 
At present most'planning and procurement is'done according to 
performance specifications, which allow,the contradtor lati- 
tude to establish measurement sensitive matters as he sees fit 
as long as performance meets specifications. 

_ 

10-34 



; CONCL,USIONS. ; ;, j .; ,. 
.,- .n ', 

Metrication- of- tran.spor,tationi is proceeding at a slow 
pace. Transportation interests--motorists, motor freight 
carri,e,rs,, railroads, and ship companies+see conversion: as a 
costly .undertaking, with.minimal benefits. ': Whether customary 
or met,ric,, .the c.osts :of travel, ,elapsed' time- from point, to 
point, the perfor,mance,of vehicles, 
remain the same. 

and, the:life of equipmen-t 
Interstate travel and,:commerce is totally : 

independent of activity, in othe'r..:countr:ies; therefor,e, .the,r.e. 
are no advantages to using,. the 'same measu,rement sy.stem.~, No.; 
one has pre,sented paramount reasons why transportation should 
convert. 

.., . . .' ',: _. ,r "'$. ,-:. I 
.To implement the. spirit of' voluntary conver:s:iohi 

. " / 
the.. ' :, .,. 

first determination: to,b.e made: is whe,ther :it. is in the best. 
interests,, o:f the transpo,rtation se.cto,r to convert.: .The: ims 
petus; howev:er,, should come:. fromthe private sector,and:not, s 
the Federal- Government, ,' 1.f it is determined,. that the. private 

/ 

transportation inte,rests, wi,sh t,o,voluntarily convert, itTi.s,% 
imperative that the Federal Government'facilitate"the:,change. 
through coordination, effecting necessary changes in regula: 1 
tions, and other supporti,ng,activitie.e with:due;consideration ; 
to .al.l af.fected parties, including:the general.public: r.The' 
abor,ted+ Federal H.ighway Administration ,plan to -re.s.ai.re :conver- 
s,ion pf highway signs i's' an example of a Feder,al attempt ,to 
implement,,conver.sion before the affected-sectors expressed 
desir.e or readiness,to do so., Another..example is,the:National 
Highway Transpo.rtation Safety Administration's requirement 
that all new motor vehicles.have dual-labeled speedometers; -. 
beginning on September 1, 1979. 5 

'. 
RECOMMENDATIONS TO THE;SECRETARY 'i: -1 .' 
OF TRANSPORTATION <,,,I ., ,. ,.. : ..: / 

./ I '.~ 
Because of past actions by-the.Department, the-importance 

that the,voluntary.aspect of our current.national policy:be . 
complied with, and departmental-metrication'activities.may 
adversely affect the Nation, we recommend the Department of 
Transportation adopt metrication policies,, change regulations 
to metric specifications, or mount metrication activities 
only.when the! initiative comes from the sectors>which will 
be affected--industry, the States, and,the.general public.. :_ 
In such cases, the Department should inform the public of ' 
the impact.of those conversion actions that affect them and 
hold public hearings to obtain their comments which should 
be considered in any final determination.on such actions. .:. 

: 
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CHAPTER 11 

AUTOMOTIVE INDUSTRY PFiOVIDES AN 'IMPETUS 

The decisions to convert to the metric system by large 
multinational corporations , particularly by autqmotive manu- 
facturers, is having a major impact on metrication in the 
United States because of their size and the extent of their 
operations. Such corporations also exert'considerable influ- 
ence over their suppliers. 

i 
The General Motors'Corporation .(GM),is preeminent,in the 

a.utomotive industry, and its.,i'nfluence..;ov.erall is.probably 
greater than any other single,,industrial,corpor,ation in the 
United States. GM has decided to convert'its'U.S. operations 
to the metric system. As>a:.result, 
pliers (some 47,000 companies), 

its competitors and sup- 
which include other major seg- 

ments of the American economy, 
industries, 

such as the steel ,and rubber 
are following GM's lead?-. ?f-suppliers,are‘to re- 

tain GM's business, or for that matter the,business of.,any 
other major customer that is converting, they must provide 
metric products. Competitors and suppliers told us that if ': 
it-were not.for GM's conversion, metrication activity in the 
United States would be at a relative standstill... 

Our review of metrication.in,this industry concentrated 
on the four major automobile manufacturers in the United 
States, with emphasis on GM because of its,posit,ion in the 
economy and the metric conversion effort. We interviewed offi- 
cials,of these companies-,and reviewed company conversion poli- 
cies, plans, organizational relationships and structures, and 
annual reports. We also interviewed officials of several auto- 
motive industry trade associations. .In addition, ,we visited 
large.'and small suppliers of automotive.products, automobile 
dealers and mechanics, and various national associations. We 
also spoke with union officials. 

AUTOMOTIVE INDUSTRY'S SIGNIFICANCE' _ 
ON THE U.S. ECONOMY 

The automotive industry is basic to the American eco- 
nomy. "Time" magazine has stated 

'I* * * no other single category of commercial ac- 
tivity more acutely reflects the State of the 
nation's economy than auto sales." 

On April 25, 1978, GM's Chairman predicted that sales of 
domestic and imported cars and trucks would number 15.5 mil- 
lion vehicles in 1978, with automobile sales accounting for 



11.8 million of this total. Motor vehicle ,and parts manufac- 
turers .employ over 1.3 million persons. 'An estimated 8b'~OOO 
firms:supply:materials, parts; -com@onentsf::and services to 
the :manufacturers. About 32,000 dealerships, with about 
775,000 employees, throughout the United States sell and '. 
service motor .vehicles. In;addition, .thousands of%,.rental 
and repair,businesses and numerous auto supply,stores and,,: 
gasoline dealers are all connected:in some way‘with the .in- 
dustry. 

i .) ._ :. 1 
The.four,largest.:domestic automobile.:manufacturersare 

GMi ‘Ford, Chrysleri .and American Motors. 
duce include cars, trucks, buses, 

The.items they:pro- 
motor' homes ;:,:a.utomotive:- .l/ 

parts and components, locomotives, earth-moving equipment, 
and household:appliances. The fir,st .3 are in the:top:lO of 
f' Fortune" magaiine's'l977ranking of the 500 largest indus- i 
trial,co.rpor.ations. ; 'I 1 i, . . . , 

: .'/ .' ,c. :i I,., "' ' .:, 
: : P' ,Rank " Sales :', 

I (billions) 
., 7 .' 

/, 'GM 1st 
3d ,. 

$,55.0' 
Ford $37.4 
Chrysler 10th $16 :7 
American Motors 110th $ 2.2 

7.. 4' . 
.: 

,:In -terms of.sales, GM is,the-largest company in the :.a~&: 
,tomotive industry and the largest industrial corporation in 
America. ,,Between January' and Aprill978, GM's sales comprised 
56 percent of domestic companies' ,automobile sales. By com- 
parison, the.Ford .Motor.Company had-about 29 percent;:Chrys- 
ler, 13 percent; and American Motors, 2 percent; GM also~ 

".( ,' ., 
:-employed over 500:,000 persons at 117 pllants in the 

United, States, i 

--had' about 13,500# dealershipsselling and servicing 
its cars and,trucks, 

--did business.with about 47,000 suppliers, 

--had subsidiaries, and associated companies which 
operate,in 35 countries, .and 

--sold products in virtually every country in the .: 
world. 
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PAST METRIC INVOLVEMENT' >: .[' f,_ ': ,.:.:, 
I ' : .d.., ,. ._ _' ,,, 

The U.S. automotive industry didnotseriouslyconsider 
metrication-.until the,$960s.:< In 1963 Ford's.European sub-.. 
sidiaries dual dimensioned the engineering blueprintsfor'a 
carfor possible production in Europe and the:United States. / I 
A Ford official told us; however, that the car:was never 
produced in the: United States.. <.'- . - 'i' " I,. I 

1 
In 1965, after the United Kingdom adopted a policy of i conver.ting to the metricsystem, Ford.:began,;converting-its 

British operations. Ford's European operations ,officially: 
adoptedrthe .metric:.system~in~October~~~197O. ,,T i',. " ',; , .: ,, >I: f‘ ,; : : ;;., I . . 

.. '.. r 1' * >. . I' A "':<.y ,_ 1 I, : ,',,! _:, ,.,, .I:,: ! I t-j k> ,. ::' 
: In ,.the:.fall ,of .l97Oi,,Ford1s.,Mercu~~::-deakers'~i~riti~od,uc~d 

th,e.Capri, :a metric import desig-ned by ;.Ford;,of,-Eur,of?e'~and~i :" 
assembled in West Germany with the componen,tsmanufactured 1 
in both West Germany and the United Kingdom. It was- the 1 
.first metric vehicle sold by,Ford in the United States. 
About the same time, Ford introduced the:Pinto, a customary 
car except for its European-built metric engine. Ford was 
the first'automaker to produce.'a.metric engine in this"coun- 1 try when it began making the Pinto metric engine in the United 
States in 1973. i 

“, ,,,. ,. : 
Also in 1973 Ford established a metrication planning 

committee to plan for a transition to metric. One yearlater 
Ford adopted-,a pol,icy of- convert,ing ,.to 'the. metric'system. / 

,','.' . '. 
Chrysler Corporatio'n also became. invdlved=with metrica- 

tion in 19655when its United,Kingdom su'bsidiar.y began con?. ' 
verting as a result of that countr,y,'.s decisionto convert; 
Chrysler's exposure to metrics in the United States inten- 
sified from 1968 to 1973. In those years Chrysler assisted 
the National. ~,Bureau of, .Standards in preparing its !.study- ques- 
tionnaires and participated in various o.ther metric ,planning 
activities and programs sponsored by national groups, such as 
the American National Standards. Institutei, In November 1973 
Chrysler adopted a policy of conver.ting'td' the metric system. 

GM first studied the 'potential.effect of metrication on 
its operations'in 1966. It considered the study confidential I- 
and would not release it to us. GM,off,icials would not tell h 
us the cost estimates developed during the study;' .however, ; 
they did discuss certain aspects of the study. The study 
team concluded that conversion:'would increase costs substan- 
tially and would not.be in the best interests of the corpor- 
ation. A GM official told us that because the study team was 
not familiar with metrication, they estimated that practical- 
ly everything in the corporation would have to be "hard" con- 
verted. The team felt every employee would need at least 16 
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hours of .training in metrics and that GM.would have,to change 
the siz'es..of paper p file. cabinets, and office .and production 
equipment. __ . . . . . 

1 
GM first experienced metrication in 1967 when"its Brit- 

ish subsidiary began converting pursuant to the United King- 
dom'sd'ecision ,to.g.o metric. In the same. year GM's Buick 
Division b,egan, importing the Opel car.which had been metri- 
cally designed by its subsidiary Adam Opel AG of Germany. 
Since then GM has continued to sell and service the Opel in 
the, Un.ited. States. Acceptance of,the :Opel by U.S. car buyers 
proved to "GM, that" there. was. no. critical ..consu;mer,; resistance 
to" metrically .designed, and. manufactured cars L A.GM .~official 
told us that: themeasurement system used >has no affect on'ic-ar 
sales; 'consequently, increased sales is not a benefit expec-- 
ted from metrication. 

.: '~,: 
M.etrication ,was next' studied by GM. 'in..l$70, as part of 

the NBS study effort.. ,NBS asked.: GM. to represent the automo- 
bile manufacturing industry and study .the%possible ef,fects of 
a metric conversion on the industry. GM selected its Buick 
Motor Division for the study,because: it;included al18:aspects 
of automobile production. It subsequently verified the study 
findings at .t,wo.other GM div.isions. : In December 1970 GM re- 
,ported to NBS, that metric c-onversion would, cost the corpora- 
tion~ about.67 .percent less than est:imated.in 1966. 

.a- " '_ I. . : : 
,In .March:1972 GM studied wheth,er its worldwide opera- 

tions --including: the United States--should .c.o'nvert to the 
metric system. A GM task force visited facilities in the 
United States, the United Kingdom,, and West Germany; ,They 
reviewed metric conversion programs at a British subsidiary 
which was producing .a predominantly metric,passenger.ca:r. 
Subsidiary officials reported that the only pro,blem encoun- 
tered was assur,ing that.suppliers could, rprovide parts and ma- 
terials necess.ary t.o, sustain metric production. 

In September 1972,GM established a metric planning group 
to determine if ,a rotary engine under study should be made in 
metric or customary measurements., In January 1973 the group's 
results were given to GM's Product Policy-Group which included 
the Vice Chairman of the Board and the President of the Cor- 
poration. The study team estimated that only $9,000 of the 
$10.0 million cost of the,rota.ry engine co.uld be attributed to 
metrication. A GM official told us that the $9,000 would be 
needed to convert existing drawings and to replace some ma- 
chine-.and perishable tools. 

It is important to note the extent of metrication GM 
propo,sed for the rotary engine. It planned to use metric 
screw thr.eads, convert existing drawings, and convert gauges 

.- 
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and measuring equipment to read in.metric. It ,did not plan 
to change the:physical size of components or.accessories, .'. 
such as oil filters, carburetors, and alternators. .Existing 
machines and tools were not required to be dimensioned in 
metric. ..,. 

GM.decided in January 1973 to convert its .U.S..opera- 
tions to the metric system and was the .first in-it-s,industry, 
to make.such a .decision. . 

American Motors Corporation began studying .the-ad,option 
of:a metric policy in October 1973.~-10 months.after :GM .had.iil. 
announce'd its policy.' About 1 year l-ater::American Motors‘de- 
tided to.convert and issued policy and guidelines to implement 
conversion. ,'. 4. 

It should be noted that in 1973 and 1974 when the auto- 
mobile manu.factur.ers made their decisions to convert, it ap- 
peared,national legislation- would be passed providing for a' 
predominantly metric America within 10 years. r 

CONVERSION STATUS:-‘ :TODAY AND TOMORROW. 
,‘L 

The automotive industry--led by GM--is following a plan- 
ned'approach to metrication. Except for- American Motors, au; 
tomobile manufacturers afre producing some metric components. 
for certain 1978-model-year cars. According to industry es- 
timates., the,biggest automobile manufacturer.V passenger cars 
should be predominantly ,metric 'by the early 1990s. 

I :.': 
Metric policy and implementation ,x .-, ( 

/ 
Top management at each of the four U.S. automobil,e firms 

has'adopted policies which provide direction and‘,assign re- 
sponsibility' for implementation at the operating level. The 
pattern was established 'by 'GM and is being followed by the 
rest of the industry. 

When GM announced its policy to convert., it noted that 
the-rate of implementation would be governed by the intro- 
duction of significantly new automobile parts,. The policy 
included the following guidelines: 

--Ite.ms being initiated for development will be metric 
from the start. 

--Items already under development will be converted to 
metric terms well in advance of ,completion. 

. . 
--In-production and service items will remain as is. 

I, 
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-4upplier'coordination should be implemented as 
required. ,, .‘- .j .’ 

,. ! . . ‘: :; .I!. ’ 
-cCapital;equipment with dual:‘measuring.capability- 

should be-purchased as needed. " .: 

Two ye-ars later.,.:in January 1975,.corporate management,revised 
this.policy,by adding'provisions that (1) each division was 
to maintain a conversion schedule'adequate-to support new.::,' 
product pr0grams.i (2) metric standards -were to'be implemented 
as needed, and: (3):key personnel were to beg,in'their train-' 
ing. In addition, each GM general manager or staff,head was 
to -ap@oint:a coordinator responsible-to report back:'to 'him' " 
but with authority to-organize the',conversion. R@aIi&ing 
that deviations from the guidelines might be necessary;all. 
exceptions were to be reviewed and approved by GM's full-time 
metric planning staff. :: , ...I 

GM officials,told us that,its',policy means that nonau- 
tomotive,operations, like the GMC Truck and Coach Division 'a 
(trucks,' buses, and motor homes);'Electro-Motive Division 
(diesel locomotives.and engines), 
equipment), 

TEREX D.ivis'ion (heavy-duty 
and Frigidaire .Division (household appliances), 

will not be required to,meet,-the same metric target date as' 
the.+car divisions. Design changes in these'other products 
occur less. often than in automobiles.i:I"-Consequently;~although 
all divisions must convert, the conversion periodsfor nonau- 
tomotive products will be longer than for automobiles 

..; ./., .,i ,y. 
All four automobile manufacturers have ,kept metrication 

within existing,management structures as much as possible and 
at the operating levels to promote initiative and'ingenuity. 
The metrication-programs are managed through cor'porate-wide ' 
systems of metric'coordinators., At GM these-coordinators 
may be-appointed, if necessary, at various operating -levels. 
For example,, a division could also form a metric conversion 
subcommittee consisting'of metric 
levels. i t 

coordinators at the-plant 
; ,. .~' -, : 

,: 
GM has also tried to foster corporate-wide coordination 

by having metric coordinators for each of its 10 operating' 
groups. (Groups are made up of divisions; e.g., automobile 
divisions are part of GM's Carand Truck Group.) The metr'ic 
coordinators represent the groups on a corporate-level 'metric 
council. The council allows for the interchange of metric 
ideas and experiences and provides a uniform approach-to met- 
rication. It also functions to resolve metrication problems 
and monitor the progress of the overall corporate program.' 

GM officials told us that few problems reach the metric , 
council because they have been handled in the divisions. We 
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were told tha.t,the council has been able to-resolve. all'but 
one problem'and it was forwarded to GM's highest policy group. 
The problem concerned metric tools for skilled tradesmen and 
was resolved with,,the United Autoc.Workers at the.bargaining 
table. This matter is discussed laterin th-is chapter. 

GM has a full-time corporate metric plann-ing staff re- 
sponsible for preparing and maintaining the corporation's 
metric manual, participating in metric planning and policy- 
making, working with divisions on problems and with div,ision 
metric coordinators to resolve metric problemsor concerns, 
and acting as an external liaison. Any deviations from over- 
all corporate metric guidelines must be reviewed by,this body 
to determine the .effect on-the corporation's overall.metric 
program. 

,. 
Industry's approach and' goals , '. 

The four automobile companies were generally emphasizing 
metric in new product designs and phasing out customary prod- 
ucts through normal obsolescence cycles. They believed that 
this approach would minimize costs. But, because automobile 
'manufacturers (1) had different product lines, (2) designed 
new products at different time intervals, and (3) had dif- 
ferent commitments.and approaches to metrication,.they had 
,different timetables when they expected their passenger cars 
to be predominantly metric. 

GM believed it would achieve substantial conversion by 
1982; Chrysler, by;the late 1980s; and American Motors and 
Ford, by the early:.l990s. Corporate timetables for being 
predominantly metric generally,pertained to passenger cars. 
None,of the manufacturers we talked to had set timetables.or 
goals when trucks, vans, or buses, or other products would be 
hard converted. Companies will convert these products at a 
much slower pace because design changes.occur less frequently 
than for passenger .cars. Yowever, GM planned to consider 
trucks and buses as being predominantly metric by 1982 even' 
if only a soft conversion is made. As for nonautomotive prod- 
ucts, GM said th.at the rate of change would depend on consumer 
demand. 

Metrication ,was being implemented through GM'.s commitment 
to make cars smaller (downsizing), lighter, and more fuel-. 
efficient. One official said that the energy crisis and the 
ensuing demand for smaller, more fuel-efficient cars spurred 
the company's metric program in that more cars are being 
totally redesigned than otherwise would have occurred. GM's 
downsizing and redesigning efforts were unmatched in the 
industry. I 
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/ ,‘F : i According to o.ffickals;.GM's new 1977 full-,si.ze cars av- ' 
erage 700 pounds lighter than comparable'l97:6 (models. One, . 
industry magazine state~d that-GM's 197‘8 intekmediate cars 
have been downsized up to 12tbnches, and we.Lghts' have been 

: red-uced up to ,975 pounds'. :The fol-lowing., 5llustr~akion shows 
..the extent of' a downsizing effort. i "' 

. . I ,'I. 
.' \ ', ,j : 

:, :- .\ ,I _. 
._, '." ':, :.: : 

,: :,. .:. I, : _, :_ ,,,j. 

: ", 
: 

The 1978 tiersion’ shown beiow is 16.9 incvts shorter; 689 

inches ‘.&rower &as the “1977’ verslok k 

pp$ids‘ lig$jer,, and 5 

n abbv& ’ i. 

‘~ ,’ ; q. / .,. _(,, j : 
, .  

‘_ 

i_. :  

, . ,  

. : ”  1’./ ‘. ,J. 

Current,.conversion efforts . ". 
within the l,nd,ustry. ,. 

-- _' 
'As a r.esult of its downsizing program, GM, had'converted 

more au'tomobile products by model year.1978 than any other 
automobile manufacturer. 
its lines of cars 

Metrication had occurred throughout 
--from minicars to full-size models. GM 

stated that its 1977 fullkize passenger cars tiere'about 40 
percent metrically dimensioned. The 1978 intermediate cars 
produced by the Chevroiet, Oldsmobile, and Pontiac Divisions 
were also partially.metric. 

. 

11-8 



. 
._' Emphasis. has been .on car ,bodies,.designed in metric 'with 
metric f.asten,ers.. Many GM,.-automobile* com,p,onents, 1ik:e ::eni; ::r 
gines, brakes,..transmfssions,. and: rear. axles; are.,carry-,over 
parts, and..will:remain in cus.tomary -units :for the, time':3ibeing; 
A.. GM-*:offi.cia.l said. that to his, Tknowledge .ot-he.r -automob.ile,, com- 
panies were focusing on converting:components- like the car en- 
gine and not‘the car body as GM was doing. GM also said that 
it had hundreds of metric parts, such as headlamps, fuel tank 
caps, thermostats, and rack and pinion steering units, in or 
released for metric production. It planned by 1982 to soft 

equival ents shown.:.in,,Daren~th~esf&. 1 

Ch 
compact 
These s 
Chrysle 
had "1. 
planned 

;,;These. ca 
ied:. from &sit ;'Germany,+.' Ch 

,r-i'd;enngin.e- in, the,' United S:.t.ates ,: I, . ,: :, ,, . . 

'e sub 

ogram 
rs 
rysle 
. 

I -  

r 

American Motors officials told us that the company was 
not adding additional metric products in 1978. Officials 
said, however, that a line of metric subcompacts was planned 
for the future. One official said thatAmerican Motors pur- . 
chased many automotive components, from its..,.~ornpetitpr.~--mostly 
from GM-- and that several of these components were metric. 
.For example, GM suppl.ied‘,American, Motors with,a'metric-steer- 
ing wheel, and Ford. furnished a metric ca,rburetor.. *.- 

: _. ,'. .- 
Metric cars sold in the United States :: '? -, 

_, ,,' : , -, 
The sale of metrically designed automobiles and parts 

in the United States is not new. All:,four,domestic automo- 
bile companies have sold metric cars orcars-with metric. en- 
gines which have been manufactured in metric nations. Some 
examples are: Opels by GM, Capris by Ford, Colts and Arrows 
by Chrysler, and Gremlins by American Motors. The first car 
to be predominantly engineered in metric and manufactured in 
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the United States was the Chevrolet C,hevette introduced i-n 
the fall of 1975 (model year 1976), shown below. 

1978 CHEVROLET CHEVETTE / ,’ : 

According to a GM offi,cial, the energy cr1Jsi.s starting 
around October 1973 caused GM to accelerate its plans for in-, 

'traducing a minicar to compete with the smal.1 imports, and 
meet the U.S. market demand for .a more fuel-efficient car. 
Early in 1974 GM concl:udeddthat its West German subsidiasry,.,,. 
Adam Ope.1 AG, already had designed the type of car,,urgently 
needed in the United States; .GM brought the basic design of, 
this metric.car to the.;United States and.modified it for pro;- 
duction as the C,hevette. 

Officials of the Chevrolet Motor Divison.said that they 
did not encounter any engineering or production problems,that 
could be related to the use of metric measurements. That is 
not to say there were no problems,,however., -Working .with L 
Brazilian and West German engineer;ing drawings-, GM had to (1) 
translate the foreign languages.on ,the drawings to ,English; 
(.2) redraw,them to U,;S. drafting standards, and (3) specify 
all~materials, coatings, and performance and test spe.cificay 
tions in domestic specifications. In addition, other, changes 
had to -be made, such as modifying the design to accommodate 
U.S. motor vehicle safety standards and emission regulations. 
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I  

RATIONALE FOR CONVERSIONS .' 
‘ 

The automotive industry essentially sees metrication as 
inevitable. One GM spokesperson told us there is no longer 
an "if" about metrics, only a "when." He said Canada, the 
United Ki,ngdom; and other countries which had used the cus- 
tomary system had begun converting to the metric system, and 
this leaves the United Sta;tes as the only major nation using 
the customary system.;' The spokesperson said that some people 
might wonder why‘those‘involved:in international trade cannot 
operate in metrics without.changing the entire United States. 
He believed this .would.be .possible,. but would mean maintain- 
ing an inefficien:t.dual-measurement system which would cause 
confusion and ad'd an “u~ne5:e:s.sary::b~rde.n to our educational 
system..{,z+.Adding to the. aura' o‘f inevi.tabil.ity,., in our op,inion, 
were the, even.ts 'l'eading,,u'p: to and .including t.he' passage'of 
the Mef~,;ic$,Co,fiv& si'hh :Act;:'<Zf lgL$s. ,' ,' ., .,., 1: ,.,! . . . . .: - , I \ ,.,;p,* :. ,, .,A : GM's, com&tj$or$ iii's a *'key :&son fior their ~onvers&n 
is GM's conve'rsion: 
the industry., 

Be:c,ause',.GM is"'tk;e recognized, leader of 
its decision's*~'and actions ar'e followed by the 

other automobile?manufacturers and..the ensuing competitive 
pressure is .felt throughout the automotive industry. For 
example, as automotive parts su&liers received more and more 
metric orders .from GM, metric parts would become the biggest 
part of their business. GM's competitors --who 
these suppliers-- 

use many of 
did not want to pay a premium price for cus- 

tomary parts. 

Benefits of c,onversion 

The automobile.:manufacturers claimed that using one mea- 
surement system throughout their global operations would 
benefit them by improving intercor$orate communication and 
dealings and increasing efficiency in designing, manufacturing, 
and marketing. 
proved 

The manufacturers see benefits through im- 
worldwide communication on engineering drawings, use 

of uniform standards worldwide, 
ility in products. 

and greater designing flexib- 
Their manufacturing operations would 

benefit because of worldwide availability of materials and 
components, easier computations, and reduced inventory quanti- 
ties, and costs,. From a marketing perspective, conversion 
would allow them to meet future Common. Market requirements 
for metric labeling on products and encourage acceptance 
of their products in other countries. Another benefit often 
cited is the sort of "housecleaning" 
changes. 

that accompanies important 
Metrication may help in the elimination of dupli- 

cate equipment and unnecessary procedures and increase stan- 
dardization. 
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Chrpsler,'.Ford, ,and.,GM .say metr,ication. would provid'e‘. : 
them 'an opportunity for market.i:ng.':"wdrld‘- cars,. " 'A,'wor$d.' bar'. 
is one' that can be m,anufac'tured or assembled a.nd market.ed'~ .' 
throughout,their worldwide' operations' ,because.-its basic c,on- 
figuration is the. same. ~ .‘- .'I, .I1 i : .-, : :\.: .., . 

For GM the Chevette 'is jts worl'd./ar. 
,,, 

Chevettes-are . 
produced orassembled in Argentina, Australia, Brazil,.“ 
Malaysi,a, the United Kingdom, and West Germany....Licensed as- 
sociates of.GM al,so:prod,uce their-own versions of the Chevette 
in .,Jap:an,:: the Phil&pines, 'and Thailand.;:'. A to,p'Gy executive 
has sa,l.d, !that the concept of a world .c.ar. .,(.I:-). offer;s..-potential 
for -a. mqy$““&ficie,n< b,q.e ,of ,,pla’~t~:.~.a:nd,‘~~e~~o~~n~,~.: a;&‘;( 2 j’ 
prov,ides. the flex~bili,ty of uscng- suppEiersour.ces ':around 
the world' regardless of. where:'the,.' cars.'are f.+nadly .assembled. ' 

\ ',' ,:.', 1 ', 7 ,,,, . ,. .~ ,' ::.; : '. 
Chrysler's two 1978 mode$,,year su'bcompacts*~-the Omni and , 22 

the Horizon shown on the following page--are the closest mod- 
els the company has to ,a world car.' Chrysler used metric 
units in designing these cars and found it quite benefici.al 
because the development was a joint U.S. and European effort. 
According to a Chrysler metric official, the use of metrics 
resulted in easier engineering.and manufacturing communica- " 
tion. Chrysler technicians and engineers from two continents 
pooled their ideas and efforts in a more productive fashion 
than if two measurement systems had been used. Although the 
European version of the new subcompact will be marketed with 
a different engine and suspension than the American version, 
Chrysler will be able to use various parts from around the 
world and produce the car in diffe'rent countries with more 
ease. \ :, .?* ~', /, .'. ,_, (I Y/ .: ,; 1'. :.". .I 1: ._ -2.' 's . ', ,. j '- *.,;. I I' :': ', ; 1 .1 1: . . .' I, r, 7 

:: ', f , .,.I . '/ :',w ,: i' I '. .;. _ :i,r ; 
'_ 3.' , ._" ;/ .-' I' 

'I : 1.. , ~ 
'I .I 

-. 
', 1, '. : 2 
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'4 ' According ,to ,‘a Ford off&ial,,,its new,.bmport--th,e,,Fiesta 
which is.;illustrated below-- is 
a .wqrId,car.. 

the closest-thing Ford has.to 
#The:car!,is made in West Germany,. Spain,: and 

the United Kingdom. .,- : :, /,,' ;: 
-/ .I . ., :. : 1 1'; ';,, : 'h I. 

-;. ,' ~ ." 1, 
:, _' -' j .- ,.: , 

,  . , .  , .  

C!’ I  
:  < 

Costof conversion, 
. .  I_ 

. 
",‘ 

.~ 

,A Chrysler offic.iai sa,id th,a't metr,ica.tion co&s .are :of;. 
ten virtually ,impos,gib~i~e~ to mea.sure .accuratel,y,. yet some ,,peo- 
ple p.ersis:t ] in .tr.ying to 'precisely!,,cred.ict,.,this. cost. He 
said,, th.at many costs tare intangib,le,, such as pr'odu.ctiv:i:ty de- 
creases and dupljcation and the errors resulting lYfr,om work,&g 
with a new measurement system.. Another of-ficial s,aid exper- 
ience ha,s shown, t-hat trying to measure the costs ,of, .metrica- 
tionhas been counterproductive. (We are notaware of any 
conversion cost studies made by Ford. 

Only,GM has tried to per.form ,indepth, metrication cost 
studies. 
studies, 

'Between 1966 and 1973 GM performed a number of such 
none of which were made available,for 'our review. 

GM officials, however, did discuss the various issues they 
studied.and, the cost estimates for some of the conversion 
elements. 

GM's initial study in 1966,concluded that metrication 
would cost an enormous sum of money; but according to offi- 
cials, that study was an,,overreaction to the problem. For 
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example; it 'estimated that an average of about:$2;000'would be 
needed to change every feedscrew on all eroduction machines.; 
The study, however, did not consider'alternatives,.such as 
(1) postponing changes until the equipment':be@ame obsolete. 
and then replacing the old equipment with metric equipment, 
(2) modifying the dials of existing machines rather than re- 
placing the entire machine, or (3) purchasing dual readout 
capability for existing,,machines which could cost $3,000 a 
machine but would be offset,by increases to productivity. 
Subsequent G&l studi,es substantiated that as more metrication 
experience isgained, conversion cost e&mates decrease. 
One official told.: usin ~~~~~:er?be,~.;2.~,76 t,hat'l-GM had concluded 
that its costs would?. actua.lly amoun,tJ 'to.,3?to::~4, percent of the 
first estimate made in 1966. However;,' 
data on the actua,l costs_involved. 

he G&ii-i@ 'n&t-, t.Pro~,~ide us 
Anb,t,he,~~~.~~~~~~,~~~~~~l ;&as 'I‘b;een 

)’ ‘/ ’ ..,:, : : ,. I -, :, .I 
(, .f:‘; : 

.Alth;ough :.*: ,, -~er’i~an ,, Md;~o.,rs,;,,~ha,~’ n.0’;:’ m~8’~:.‘~~r;‘“~~~e:~~~ “ist”u~y,, 
it ha,s considered the,‘cost:.) isip&&,; ~fi”~e~$‘~ca’~$‘&fi ‘in’“‘c,&r-ain 
isolated. instances. In 1,974 ; for':..ex~~pleJ:~',Ariier ic,a<l M&&,-s 
estima,te,d. it would cost over $350'.;!OOO to provide'metric hand 
tools and,'about $625,000 to rework or replace small.plant 
tools at 11 of its manufacturing activities. A company offi- 
cial said that both estimates assumed.a lo-year conversion 
period. 

A common first reaction to metrication is that it would 
be a costly process. A Chrysler official said that it is im- 
portant to manage metrication costs as opposed to trying to 
calculate total costs and benefits in precise dollar‘terms. 
He added ,that proper cost manag.ement can reduce costs signif- 
icantly with costs ending up to be much lessthan initially 
anticipated, as GM has found. This official 'also said,that 
he believed metrication costs should fall within ,the range'of 
normal change, and development costs;, Whathas to be remem- 
bered, according to this official; is that%etrication costs 
are incurred only' once, while benefits are'cumulative and 
should ultimately offset ,any costs incurred. 

The automobile manufacturers generally' have adopted the 
philosophy that there should be no budget relief for metrica- 
tion. This means managers were expected to gradually implei 
ment metrication plans and priorities within existing budgets. 

GM has been able to minimize metrication costs by,having 
conversion actions coincide with the development of new'prod- 
ucts. In this way the metrication pace is influenced by the 
normal cycles of equipment and facility replacement. Except 
for the costs to convert tool rooms, model,development shops, 
and drafting rooms when designing and remodeling its products, 
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1 ’ GM 0f.ficial.s be,lieved that metrication had proceeded* without 
noticeable cost. 

I I 

When converting existing capital-eq,uipment to metric, GM 
has tried also to improve 'the efficiency of the'eguipment. 
When effic,iency,,was improved,,, ,m:o,st of the conversion e,xpense 
was considered ,a capita.1 improvement rather thana metrica.tion 
cost. If GM purchased new capital equipment with only,metr*ic 
capability, none of the expense was charged to metrication. 

,, ‘. 

As fa'r, as :-we could d,etermine, -no 'company had established 
a complet(el acc.ou,ntinq system to record ,the .co,st,s, associated 
with ,m,e.tr ication. One-automoti.ve official tqld us that ,th.e, 
cost ?o,f accounting ,.forr metrication cost :,w.as an, added luxury. 
hi,s,comp,any.would be reluctant,to incur, especially when.~.;the. 
company was losing money,. II iI- -. : 

E,ach GM -division was ,,r.esponsible f.or. ,achieving 
ric polic-y goals atminimum cost. 

the me,t- 
'For *some divisions we-were 

told ,me:trication .c:o,sts have been, ;so insignifican:t ,-that .+it 
would< cJost .more than ,its worth to account‘ for these costs. ',-:. 

. / 
We‘were. told tha't GM accounts for only those expendi- 

tures which c.,a.n be cl&& .identif,ied a,s r.esu1ti.n.g from met- 
rication; e.g. , ,the cost of,.modifying existinq. plant -and 
equi'pm,en,t for nietr ic pur:poses. ..Oth.e.r automobile .~~manufactu'r~~ 
er,s'generally d.id not account for.metrication.costs. Off:i- 
c,ials ,$o.in'ted out .,that .GM's cost .,expe,rie'nce, coupled with ,,the 
fact that metrication w,as inevitable, show,ed~ little would be 
gained by studying and accounting 'for conversion costs. One 
Ch,rys,ler official ,told. -us thateven if <his company .knew the 
costs of going metric; 
cision to. conv.ert. 

it wou,ld not alter.,;the company's d,e.- 
,He ..s,aid that becaus,e the automobile busi- 

ness,_i;s dyn.a$Iic and,continually chang'inq. its, pr~oducts,. the, 
introductiqn .of metrics with significantly nev.products should 
keep costs to a minimum. 

EFFECTS OF METRICATION, I' 

To better understand the impact of metrication on the 
automotive industry we looked at the following aspects. 

Procurement and suppliers 

The automobile manufacturers buy goods and .services from 
some 80,000 or more firms. 'GM alone,has over .47,000 suppli- 
ers., Several large suppliers that ,we visited had some exper- 
ienc‘e,wi,th metrication before 1973 but had not adopted a pol- 
icy until the automobile manufacturers did during 1973 and 
1974. Supp1ier.s said that;' to stay in business,.they must make , 
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the,product in metric' dimensions'if that is what automobile, 
manufacturers want. _: 

Surveys of.supplier capabilities ,: : 

., Surveys by the four automobile manufacturers showed that I 
suppliers were'involved with conversi-on i'n varying'degrees. E 
Some examples follow,. -', ,' : 

>I. I . A _~. r 
GM sent a letter to its 47,OOO'suppliers in October '1973 $ 

stating it was commftted tousing the metr-ic system.- -The 
rate of imple:mentation would depend on'the Introduction-of 
new parts and the supplier's ability,to"make metric"products. 
GM said subpl'iers r'esponded'favorably to met,r.icat.ion and that 
giving them ample!time to' prepare for-'new.model: changes was 
essential to minimize cost increases'Wr“Ydelivery delays;' 'Sup- 
pliers had access to GM's metric engineering, drafting, and 
testing stand.ards.as'-well as its metr,ic,education program. 

: : ; 
Ford .be,gan notifying,'fa&ener. supplie,rs 'in 1969 that 'it 

needed‘metr'ic fasteners for ‘a metric engine it was 'think'ing 
of building in the United States. A company metric official 
said. that about half of those contacted,a't that tiine w'ere re- 
luctant to bid on metric fas-teners; p:robably be~cause they 
were unfamil'.iar with .metr'ic units.' In'1975 Ford surveyed' its 
supplie'rs to determine whether they' could f,urnish-.,rne~t~‘i'c.: '.:' 
products for 197'8 ,models and, if so, whether Ford $ould inc'ur 
any ddditional cost. The'm.ajority said that'they could pro-- 
vide the p,roducts at minimal. cost increases'. 

,,. 
Another .Ford s'urvey showed'thaf suppliers could ,furnish 

metric cabs, for -he:avy duty trucks at no additional'cost. 
However, Ford surveyed tru'ck 'ow;ners and found that they did 
not'want metric fasteners i'n the,truck.because metric‘fas- I'" 
teners might'not be readil'y available throughout'the United' 
States. 

Status of supplier conversion efforts .'. 

Officials of three of the largest automotive suppl.iers 
told us their compan-ies had the capability o"f filling'metric 
orders because they had converted the nqcessary production 
facilities. 

One supplier official co'mmented that the automobile man- 
ufacturers w,ere not converting as guickly as initially expec- 
ted and that his‘company might have spent money earlier than 
necessary anticipating the conversion. He said he would have 
preferred that the automobile manufacturers notify his firm 
of the delay in their initial metrication schedules. for pur- 
chasing metric components. 
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Some' small- and .medium-si,se suppliers have receive'd some 
dual-dimensioned partsdrawings ,from the-,automobile manufac- 
turers. 
units, 

When they receive,d drawings showing.on1.y me.t.ric 
they converted these to customary measurements for 

production.purposes, making it unnecessary to convertequip- 
,ment or train employees. .: 

None of the supp1ier.s we'inte,rviewed had established, a 
date by which company operations would be predominantly met- 
ric. Suppliers will proceed at the pace demanded by their 
customers. As a general rule, suppliers,pl.anned to convert,. 
only the operations and equipment,necessary to meet customer 
demand,, rather than. convert their en.tire :.op,erations. to :metric. 
Suppliers to1.d. us. that .,once .metric .orders, are ..pred,ominant,. a;. 
decision to convert the entjre company may..be warr,anted. s 

Small suppliers sa,wno be,nefits 
> .; ,' 

verting to,.the metric system. 
for:themselves,,in co,n- 

-The only reason .for converting 
would ,be ,to .retain the business ,of the automobile manufactu.r- ' 
ers. The lar.ge suppliers which are,multinationals .told.us, 
that they expect to receive one qr more of the following-,ben- 
efits: (1) maintain sales and profitability, (2) enhance, ,' 
worldwide communication in the technical areas, such as engi- 
neering and manufacturing, and (3) reduce the size of inven- 
tortes. '. ,. '_. 

P-urchasing documentation '/ < L 

Currently, '1 GY s purchase orders, invoices, bills of :lad- 
-i.ng, and other administrativ,e documents show,measurements in 
customary and.metric units with one exception.,, G,M's Fisher. 
Body Division orders steel.and aluminum only in metric units. 
The orders specify the metal. 'thickness and,width in millimet- 
ers and the quantity ordere!d either in metric tonnes or in r:. 
kilograms. Suppliers were required to return certain, infor- " 
mation, in both metric ,and customary units,.to Fisher.Body. ' 
For example, shipping notices and invoices must show the 
actual weight of the shipment in pounds as well as kilograms.' 

.Ford's document~ation may be'expressed in_customary units, 
metric units, or both, depending on the,part and supplier.,< 
Generally, Ford asks that shipping documentation, from suppli- 
ers be returned in the same units as sent. out., 

Chrysler provided suppliers.with customary or'dual mea,s- 
urement purchase orders, drawings, 
tions. 

and materials specifica:% 
Metric units by themselves were not used because 

Chrysler did not want to .inconvenience vend,ors who might 
have problems working only in metrics. According.to a com- 
pany official, the use of dual specifications gave vendors 

r- 
I- 
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the f,lexibility to handle Chrysler's purchase orders 'either 
way. Chrysler asked'that shipping,documentation coming back 
from suppliers be 'in customary measurements. ~ # ; ,: 

An American Motors official told us that, although Amer- 
ican Motors had yet to convert the information on purchase 
orders, material specifications, invoices, or other adminis- 
trative documents, it did not anticipate any supplier prob- 
lems. 

Metrication at dealerships 
., c- .: i 

Automobile dealers have been involved to some extentin 
the:sale and service of metric cars&-either imported or do-' 
mestic. Though.the dealers were .aware of the ongoing metric 
conversion in the automotive industry, they had not begun ac- 
tive metrication programs. The, dealers we .visited #had devel- 
oped no-metric-policies or plans -forconverting their ser- 
vices; sales, and'cadministrative operations. Ndr had the 
National Auto Dealers Association cons,idered the issue of 

-metrication. Most dealers believed metrication', had not af- 
fected consumer buying decisions or car sales so far. 

" 
In-.March 1976, however, ,GM's Marketing Staff'cautioned 

dealers to begin preparing to convert so they could service 
metric cars. It suggested that dealers acquire metric tools 
and build up inventories of metric nuts and bolts--fasteners. 
GM stated that some non-SI-metric tools now available for use 
on imported cars would not work properly on'parts designed to 
SI-metric standards. Concerned thatservice'technicians might 
inadvertantly mix metric and customary fasteners, which could 
result in-vehicle 'damage or malfunction or -personal ,injury, 
the Chevrolet'Motor Divi,sion-notified all its d,eale,rs in Nov- 
ember 1975 about the special service r,equirements for the ',: 
1976 Chevett,e'due to the use of both metric and inch-type 
fasteners on this vehicle. 

Most GM dealers saw metrication as just.one of the'many 
changes GM makes and not as a big problem. Dealer represen- 
tatives told us that they had the capab,ility to sell and ser- 
vice the metrically designed cars produced by GM. In their 
opin,ion,: although metrication had not affected consumer buv- 
ing decisions or sales of cars so far, they expected problems 
in the‘future. They believed that there would be increased 
expense for metric parts,'labor, and operating costs. GM 
dealership personnel we interviewed generally said that cost 
increases would ultimately be'passed on to the consumer. 
However, these dealers indicated that they hoped to keep 'costs 
down by converting only where and when necessary. 

L 
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None of the other :manufacturers' dealers we interviewed 
could cite any.short-term benefits to their oper,ations from 
metric conv.ersion.' Several-.felt.,metrication may cause more 
standardizationof jparts and fas.teners in the long run; which 
would u-ltimately ,decrease the size of inventories; Some , 
expressed the opinion -that -the metric system would be easier 
to use. ?While :metrication was not expecte.d .to cause, dealers 
:major problems; consumer costs for cust.omer services are like- 
ly to increase in the areas of labor, parts;and inventory. 

Impact:on- mechanics 

The principal impact on mechanics may‘be the productiv- 
ity,lost from not being -able to readily distinguish,metric 
from customa;ry parts and fasteners, :and mechanics,' r.equire- 
men& for m,etr-ic hand tools. 

.:' ., . 
Most of th'e' dealers- we interviewed believed that metri- 

cation, had affected or would affect-the productivity of mech- 
anics during the beginning of the conversion period. Several 
mechanics said that they had experienced nroblems in identi- 
fying metric from customary toois and fasieners. This agrees 
with the ,197l. NBS study indicating some"concern on labor's 
behalf,that mechanics unfamiliar with metric tools work more 
slowly.,an,d, less surely and are-therefore'less productive for 
awhile. Several dealers said that any. increase in cost re- 
sulting from productivity decreases would result in higher 
service charges to consumers. ? 

\ . 
,Uealersh,ipjmechanics are generally required to purchase 

their own hand tools. Mechanics we talked with h-ad invest- 
ments of $35 to $350 in metric tools and $3,000 to $7,500 in 
other.tools. Several mechanics ,could not estimate what their 
future. investment in metric hand tools .would be, but,others 
estimated that they would need to invest up to $300 for met- 
r.ic tools. However, an-official,of the United Auto,Workers 
Union estimated that metrication would cost mechanics an ad- 
ditional $1,000 to $1,500 for tools and tool boxes. One deal- 
ership manager told us that future wages of their,mechanics 
probably would reflect any additional.costs of metric tools. 

According to an official with the Hand' Tool Institute, 
a trade association which, represents the hand tool- industry, 
many manufacturers of hand tools have the impression that 
metric.conversion is mandatory within a lo-year time period. 
Consequently, domestic tool manufacturers have begun to pro- 
duce metric tools even though industry standards have not been 
developed. 

Mechanics generally agreed that metric tools are avail- 
able. Some m,ay be more expensive than customary tools. We 
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examined the prices of metric toolsat a main 'source "for 
mechanics tools and--found that 15 of the ,22 metric.tool sets 
sold for the:-same price as comparable standard tool sets, 4 , 
were more expensive, and 3 were less expe~nsive. I,f the tools 
in the 15 sets that had identical prices were purchased indi- 
vidually,. ineight instances the metr.ic tools were up.to 17- 
percent more expensive than comparable stand-ard,s tools; ,in 

i 

five cases, up to 27-percent cheape,r; and in two cases, equal. 
1 ! 

Automobile manufacturers have taken steps to assist deal- / 
ership mechanics in getting necessary metric'too;ls.. For ex- 
ample: 

"., /, , ,, .; , 
--Chrysler Corporation will furnish mechanics all the . 

necessary tools to serve,the,imported metric Colt- 
and Arrow'for a cost,of $89, which is ,lower than a 
comparable set of tools from a -tool supplier. 1 

'i 
--GM 'has arrang,ed with an independent tooi manufacturer, 1 

to provide a,metric wrench set to mechanics,, through 
the dealership,, at a discounted price. B 

',, )_ ( g 
B 

--The Cadillac, Division notified dealership mechanics 
,exactly what size wrenches and sockets were needed ^Y 
to service 1977 Cadillacs,. The.cost of these ,neces- 
sary tools was less than $50. . 

: '. 
--Chrysler and' GM have also prepared, but had not yet- 

distributed, a list of basic metric tools so that 
de,alership .mechan,ics~ are informed of their future 
metric.too,l needs: ,., '. 1 

--Ford Motor Company's own line.of tools offer's metr'ic 
tools a.t discounted prices to dealership mechanics. 

Inventories,of par‘ts and fasteners 
! i 

Dealership managers did not agree as to whethermost 
metric parts and fasteners needed were readily available. A 
GM official respo,nsible for working with dealerships told'us 
that one product dealers,would probably have difficulty in 
acquiring is the 6.3-millimeter (l/4-inch) fastener. .He said 
that'this fastener is only used by GM in'the United States, 
and most domestic fastener suppliers buy their metric fas- 
teners from foreign manufacturers where the 6.3-size is not 
used. Although few purchases of metric fasteners had been 
made, many managers. agreed that some .parts were more expen- 
sive than comparable customary parts and fasteners. The Parts 
Manager at one GM dealership said that metric fasteners are 
more than twice the cost of customary fasteners. The GM of- 
ficial referred to above agreed that in some cases metric 
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fastener's*may be more expensive., Several,dealerships.told us 
that consumers will pay for any added cost. " 

.Dealership inventories,are.extensive. '.For example:- '- 
_'. ,. . . 1_ ?, ; .,: .' . . I .). 

.--Chrysler currently'.uses about 150,OO.O different parts 
in its cars. .' ,, ,. ._ 

--Fach,car has more than 15,000 parts. 
', ,.;, ., '. 

--Inventories are maintained for:6-or more years on most 
parts,. -... ..: ('- 

.I ,-. I jr ,% -, ., .: >-.3 ^; .- 
--There are approximately 3i500 fasteners. inLeach cari, 

.: i) ,I 
I': -"Dealers generally..said that metrication had not affected 

inventory costs to date. Current investment in parts and.fas- 
teners at three of the dealerships we visited ranged from 
$8O:iOOO to $150,000; AnAmerican Motors dealership expected 

'its inventory of spare parts and fasteners to increase by 
$15,000 to,$20,000,(19 to 22 percent) ,due to metrication; 
One'GM'dealer predicted'that.small dealerships would encoun& 
ter various.cash flow,problems if forced to tie up additional 
working,capital in spare parts inventories. 

.' :, 
" A' Chryslerofficial said that metrication was expected 

to require slightly,,larger‘ inventories for 8 to,l2,,years be- 
caus,e:;dual- inventories would be needed until customary parts 
were phased out:, With the increase in the number of parts, 
dealers? space; requirements may also incr:ease. This official 
also-said that in the long run, ,metrication should.result,in 
fewer parts being needed. One.Ford 'dealer told us that his 
cost of acquiring parts inventories may increase because the 

'change to metrics may require costly changes in'his computer- 
ized ordering system. ..I ,. ',. ._', .' 

: 
Employee.training and tools 

:,.c;, I-_ '_ .,; 
i 

,.Metrication affects automobiie manufacturers' employees 
in several ways. Perhaps'the two most significant are the 
training needed to understand metric measurements and the 
cost.of. metric hand tools. 

The industry position on training employees in the met- 
ric system is patterned after GM-- train.;-only those employe,es 
who need to know, in what they need to know, and .immediately 
before they need to know it. GM estimated that only about 
15 percent of its employees would require any.formal metric 
training and that only a few of those would require more than 
simple instruction on linear measurement. For the large ma- 
jority of employees who were not directly affected by 
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metrication,:GM's'metric staff has distributed only:metric 
posters and booklets. , 

GM developed a .compr-ehensive.training program-,i.n 1973. 
Its competitors have since recognized the need for such a 
progr-am. They worked through the:Motor Vehicle Manufacturers 
Association and a consulting firm to develop a metric train- 
ing package --much like the GM program-- which is now being used 
by automotive suppliers and firms in other .industries.. In one 
of GM's initial training e.xperiences, employees reacted nega- 
tively to,training,until they became .more familiarworking 
with the metric units,, which took about 6 to 7 months. At one 
facility we visited, GM was trying to increase employee 
awareness of metrios,iby installing speed.:signs, bridge clear- 1 
ante signs, .and temperature displays in metric units. Some 
GM facilities had metric we-ight,scales andd!height gauges so 
employees could weigh and,measure themselves in.metric";units. j 

" '."' ~. ,..:.,, ; 
One of the industry':s major ,concerns involving employees 

was ,the question of ,who.would pay.for, metric hand~tools. 
1 

,The i 
Motor Vehicle Manufacturers..Association'opposes.Government... I 
subsidies'for metric conversion, although, it recognizes.that B 
sp.ecial.consideration may be needed,,for $certain problem areas, : 
GM endorses this position and readily admits that some .smal.l 
businesses may be economically disadvantaged. According to I 
GM, tax.provisions and 'employer ,practices alreadyT:provide 
mechanisms for iworkers to recover some metrication-'coststi .?For 
example, skilled trades:wor~kers under the:Union .contract,-with 
GM could acquire.from the corporation the metric tools needed 
to do-their jobs. 
tools, they may 

,.:If*wor,kers choose ,to buy their-own,metric 
be able to. r,ecover,a.portlon of this cost by 1 

taking an income tax deduction. _. .I: ~: '... 
., \ 

3 The United Auto.Workers Union,policy,on metricsi adopted 
in 1973, was that employers assume the total costs of conver- 

( 

sion and not transfer some of the costs to their skilled work- 
ers. The automobile companies were making necessary:metr,ic., 
tools available to skilled trade employees.. 
Union official, 

Acc‘ij~~ing c to. a 
there had been no grievances r.egarding metric 

'tools, prpbably because metrication was just beginning. ,As 
momentum .increases, however, the official told,:us that the, 
Union expected to take a stronger bargaining position to 'Z 
protect its skilled workers. 

.- 
Inventories and identification .~..-~ mi .~ ~..~. . . :.-.;.+- 
of metric.items 

Automobile manufacturers will maintain dual.:inventories 
for many years before customary parts are completely elimi- 
nated. In addition, they will likely incur some costs for., 
identifying metric and customary-parts to minimize mixups. 
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GM of,ficials'told us that they expected to maintain dual 
invehtories for 12 or.more years. The company,was,already 
maintaining a:;dual inventory for fasteners. 'In the long run, 
GM,believed it would achieve anoverall reduction in its fas- 
tener.inventory because it expected to reduce the number- of 
different si2e.s. :' '; /,. .' . . 

; : ,,_,. 
Ford'Motor.Company believed that,it may have to maintain 

customary and metr.inf parts into the.next century.- Chrysler 
expected to have(larger inventories for at least the next 8 
to.: 12. years. American.Motors was not in a position. to'det- 
er.mine how long itwould have to!maintain,dual inventories. 

., -.,T i.: ! ,. .~ ,. _, t ;l: ~. . . , 1. I ~., : I,. 
One.method for.identifying and controlling a dual;::inven; 

tory is color coding-; one color for metric parts; <another for 
customary. Altho.ugh.,:some GM divisons used:thiszmethod) not 
all,divisionsagreed that.color coding was good policy-. GM. 
told us that,,color coding may not be as.beneficia<l as‘it inA 
itially believed,,it-would:be: At,.its subsidiary,,operation in 
the United Kingdom, for example;.GM colorcoded its metric 
parts and fasteners-with a zinc dye which actedas a lubricant 
and caused the metric<fasteners to come loose or unscrew too 
easily. 

.,, ,:. 
The original intention for color coding'was‘ to avoid as- 

sembly line worker confusion; However, according to a GM of- 
ficial, U.S; production line workers'have experienced no -prob- 
lems in identifying customary from metric fasteners‘because 
they tiorked with fasteners.according to >the part number, not 

,by.color. Color-coded fasteners also were not designed to 
help service mechanics distinguish between a metric and cu.& 
tomary. fastener.' The,color usually wears .off a:fastener 
after about 5,000.miles of driving, 'according to,'a company 
official. : 

,If used for all-fasteners, GM's practice of color coding 
could be expensive when one considers GM,uses an estimated 
20 billion fasteners (nuts and bolts) per year--about 3,500 
in each automobile. A top executive with one fastener manu- 
facturer selling to GM told us that his company has had in- 
creases in its production costs of about 8 percent because 
of the cost of blue paint needed.to color fasteners for GM. 
This executive said that his company sells fasteners by the 
pound with the average price per pound being about 50 cents. 
He said that GM was paying about 4 cents per pound extra due 
to the coloring requirement. He also said hiscompetitors 
have,had to incur the same cost; 

Other examples of how GM identifies metric inventory ex- 
isted at its Chevette engine plant. Since the plant had an 
assembly line for the Chevette metric engine and another for 
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customary V-8 engines,:,certain..stepsi:were, taken to.; avoid 
mixups., F,irst, metric parts ,were stored, in'tubs pa.inted-.;green 
to match the Chevette 'engine assemblylinei ,Customarycparts 
were, stored in blue-colored,tubs. Second; .all;incoming ship- 
ments o.f metric parts were labeled with-a preprinted "metric" 
label. Other techniques used were to (1) have all vendors 
stamp a permanent metric marking on tool shanks and (2) either 
color code certain ,parts,.such as the cylinder head,:valve key, 
or use special markings~on the part. to help. ident:ify it; -:r. 

', I. <. J' i ‘, :_ 
^ 

the 
Ford.had.,a-similar situation in'that its plant producing 

"2.3.1itre" metric engines for. the Mustang II and Pinto.. 
cars also produced other engines using customary parts and 
fasteners, Ford.avoided the potential.problem--of mixing 
parts and:tools by (1) locating.the metric..&ngineIoperations 
in :a separate..area.of the.-plant away ,from-the customary.en+;: 
gine operat,ions, (2): stamping.or etching: metricfasteners ':i. 
and tools with;the-letter ."M" or the :word metric.,..and.. (3)" 
color.coding all,,metric gauges yePlow.-j Ford.said,the,separT 
ation of metric and customary operations was' a.contributing 
factor to what it termed a..successful metric changeover at 
the engine plant..' >' /TJ 

Engineering standards and drawings 
:  ‘,’ 

,Automobile manufacturers have-yet to- develop,:;accepted 
industrywide metric engineering standards or practices.:~.Man- 
ufacturers generally were developing theirown..which had been 
the usualpractice in-this industry.' At GM some interim met- 
ric standards for fasteners, ,drafting, and- materials.had:,been 
developed..for its U.S.-based operations.. A GM official told 
us that certain GM overseas divisions have different'metric 
standards than the U.S.:operationsr 
cussion of standards.) , 

(See ch..6,for a'dis- :, 

Standardization of metric fasteners,tias GM's highest 
priority metric goal< It believed up.to 95 percent of all. 
metrication problems involved fasteners. 
ations, 

For its U.S. oper- 
GM.is'using the Optimum Metric Fastener System adop- 

ted by the ANSI. However, a GM official said that(this fastener 
system was not used by all its overseas subsidiaries. (See 
ch. 7 for a discussion ,of fasteners.) 

(3 
-American Motors 'will probably use -many of the metric - 

standards GM adopts because it has been using various GM pro- 
cedur,es and standards for many years. Ford and Chrysler were 
developing their own standards for such items as fasteners, 
metals, tires, bearings, and drawings. 
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GM used conversioncharts on engineering'drawings'(dua1 
dimensioning), but generally encourages its .engineers and 
other staff to discontinue using dual dimensions as soon as ' 
they are familiar with the metric units. In many instances 
GM believes it is practical to switch to the metric units- 
right away. :.: 

. . 
Ford officials told.usthat'their usual practice is'not 

to use dual dimensions,,on'their engineering‘drawings because 
it is costly. One Ford official estimated that less than'10 
percent of the'engineering drawings\-released for model year 
1978 Ford‘products were'~solely'in'metric:'dimensions: 

,: .' .', " : :-; < 1 i. .>'. ,I.~ r .'(',, 1 
Chrysler'scurrent'practice is:"to provide conversion 

tables on'all engineering drawings except where a stiecific' 
plant or vendor indicates:.the chart isnot'required. Chrysler 
believed conversion charts plahed‘on engineering drawings, 
wou'ld result in the exact tolerances desired and"would,minil 
mize costly supplier mistakes due to confusion with metric 
units. Chrysler planned to eliminate dual-dimension drawings 
by mid-1979. American Motors officials' told us that the few 
metric drawings they had were-in metric units only. " 

Tooling and machines ,_ 
Only a small percentage ,of each automobile manufactur- 

er's production tooling and machines had been converted be-. 
cause conversion was just beginning and metric production 
could be done with existing tooling and-capital equipment. 
Ford found this out ,when it made its"2.3 1itre""'automobile 
engine in Ohio. Also, Chrysler'o.fficials told us that:most 
of the production of its metric. subcompacts'would be done 
with~customary tooling and machinery. 2, \ 

A Chevrolet plant which produces the metric engine,for 
the Chevette has converted tool room'machines, such as lathes, 
mills, and various types of grinders. Machines where close 
machining tolerance was required were modified by using digi- 
tal readouts having dual-measurement scales. 

According to one GM official, only 25 percent of its ma- 
chine tools would require metric conversion. He explained 
that50 percent of all the machine tools wer,e not measurement 
sensitive and would not 'require conversion, and the remaining 
25 percent would be replaced with metric machines as they be- 
came obsolete. 

Some GM divisions opted early not to try to make special 
metric tools, recognizing that a metric tool was not needed 
to make a metric part. The components of the tools, the tool 
drawings, and the clamping mechanisms could be in customary 
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measurements, yet the part produced could be ,in metric 
dimensions. , 

Other GM divisions decided to make metrictools immedi- 
ately. At first these divisions found that standard.metric 
tooling components were either notavailable or available,at 
a premium cost and at untimely delivery dates. They since 
have found they can buy what they need at little or no cost 
penalty as the supply.lines are.filled. , 

, 
GM has found it.important'to consider tha.t a machine may 

be needed to.work on both customary,and metric'. parts and that 
obtaining a dual capability may be desirable when purchasing 
new equipment. The use of,digital readouts.is expensive but 
allows the machining of parts to,either,metric or inch,dimen.- 
sions. GM has found, thatdigital, readouts increase productiv- 
ity. Thus, itbelieved metric capability could be added at 
little or no'net cost. '. : 

,. 
Computer systems and data bases 

-h 
Automobile 'manufacturers have been converting their com- 

puter systems to metric. Administrative operations and engi- 
neering data bases must be converted. Converting-this data 
involves changing technical handbooks with engineering 'form- 
ulas and tables and.existing test results ,already .computer- 
ized in en,gineering files. i 

Ford began'converting its computer systems in 1975 but: 
wasunable to .tell us what progress had been made. Chrysler 
also began converting its systems in 1975--mostly in connac- 
tion with engineering ,d.ata. Problems encountered so far 
include difficulties in identifying data ,fields affected 
by metric conversion and the alteration of some preprinted 
forms to make space for metric character-s. 

A GM official told us that each division is assumed to. 
be making progress but he was not able to give us an ,overall 
estimate of progress. The official said that the Chevrolet 
and Pontiac Motor Divisions estimated it would take two or 
three people 1 or 2 years just to convert a portion of their 
computerized sprin.g test calculations. ,We were told that one 
of GM's subsidiaries in the United Kingdom, after almost L- 
l/2 years of work, finished converting its administrative 
documentation system; i.e.,' accounting records, purchasing, 
and invoicing. (See ch. 1‘8 for discussion of the computer 
industry.) 
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Consumer information 

Mechanics and consumers may not be aware thatJa vehicle 
is metrically.designed and dimensioned by visual, inspection 
alone. *Therefore, they mustrely on the automobile "manufac- 
turers for inf-ormation about new cars. 

According~to a GM official ,. service manuals~,for new'-cars 
w,ere dual dimensioned'if most of;the:car was metric. If only 
a few parts were metric the service manual:showed .dual dimeni 
sions only for the converted parts. An official at Chrysler 
saidrthat the metric content of its servicevmanualsconsisted 
of: some dual-tables and conversion charts used:primarily:-to 
familiarize mechanics &&service itechnicians with certain7 
metric .terms.. He said th,ere.was no .reason.to make:exte,nsive 
use of both,measur,ement systems because the ,company!s.'l977 ': 
cars' ,generally were not 'of metric design., ; ;:- /. < ', '~_ ', 

. . 
'The Chrysler Corporation said that the sole use of met- 

ric units in operator manuals would depend on the rate;,of ' 
conversion wit,hin the .automo,tive industry and the ‘pu.blic 'fs- 
knowledge of metr,ic terms, An off,icial said that the opera' 
tar's manual for,,the 1978 Plymouth ,Hor,izon-/and Dodge Omni 
showed metric units followed by customary measures because- 
these were essentially,metric-dimensioned,'cars. ,However,bthe 
reverse practice was used for nonmetric cars. For example, 
the operator manual for the 1977 Plymouth Volare, showed the 
following.dual information: : 9 ' s 

: .1 : .' 
Item U.Si- measure Metr,ic .measure 

1 
Cooling system pressure 16 psi (110 kPa)i' 
Thermostat 19.5 F (90 C) 
Fuel c.apacity 18 gal 60.6 litres 
Maximum vehicle capac,ity l,l,OO LBS (500 kg) 

The general practice at GM was to show both measurements 
in operators manuals if the car had a sufficient amount.of 
metric components which warranted it. For' example, the manual 
for the 1977 Chevrolet Monte Carlo,and Vega cars showed only 
customary measurements because these were not considered met- 
ric cars. The manual for the predominantly metric Chevette 
shotied both measurements as, does the manual, for the .1977 Chev- 
rolet Impala, which was about40 percent metr.ically dimen-, 
sioned. When both measurements were used, GM's approach was 
to show the metric measure first followed by the customary 
measure in parentheses. Here are some examples from a 1977 
Chevrolet owner's manual. 
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Item Metric measure UiS. measure 

Gasoline tank : 76.0.1. (20.0 gal) 
Cooling system 17.0 1 'I (18 qts). 
Wheel ,base I -2,945 mm (116.0 ") 

However, GM was not consistent in its use of measurements. 
in operators,,manuals. In the manual referred to above, for 
example, we observed that some pages showed only the customary 
measures; 'other pages showed both measures. 

., ; 
."A certainlevel of inconsistency also existed in GM's 

sales literature;. Pamphlets advertising the 1977 and 1978 
Chevettes, both metric carsK expressed the cars' dimensions. 
in customary -units followed by,the.metric units in parenthe- 
ses. ,Thisis .the ,opposite of.how;similar data was -shown in 
Chevrolet operator manuals for metric cars as illustrated 
above; 

,, '. 
The practice used. for showing measurements in sales lit- 

erature seemed to v:ary,from division to division. Regardless 
o,f whether a car was metric or not,. advertisements for'1977. 
Oldsmobiles s'howed cus,tomary measurements,alone. Literature 
for three 1977 Cadillac cars (only one of which could be con- 
sidered metric) showed metric units. followed by customary 
units. 

1 
The Ford Motor Company literature for :most 1977 and 1978 

models showed measurements in customary units,. But litera- : 
ture for the metric-dimensioned Fiesta, for example, showed 
the customary units followed by the metric units. I 

Legislation and regulation 

The metric conversion aspects of legislation and regu- 
'lation will b,e of concern to many industries but especially 
to the automotive industry. The industry is highly regulated 
at the Federal,,State, and local levels. 
tions on motor vehicles, 

Many of the regula- 
such as those involving emissions 

control,- energy conservation, noise control, and safety, spec- 
ify units of measurement. 

A mutual concern for both the regulator and the regulated 
would,,be the,selection of metric values that are rational re- 
placements for the customary units. The regulator will not 
want to see the performance levels of standards eroded by a 
mere change,in measurement units. Nor will the regulated want 
to have performance levels tightened because numbers are roun- 
ded off in the conversion process. 
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" Using a!,different metric, speed as a b.asis. :f:or; conducting 
vehicle. crash tes.ts cou,,ld .have drastic effects.; Crash,-.tests 
are requ'ired by the- National Highway. -Tra,ffic Safe.ty, Adm:inis- 
-tration; Department;of Transportation, -to 'prove 'the accept- *. 
ab'i'lity of ne-w ;:a.nd :e,xisting car -designs. I,f ;,,30 miles per hour 
(thelcurrent testing basis) .is converted to metric; it becomes 
48 kilom.eters ,per hour+ Several industr,y of-ficials were con- 
cerned that there could be a.;temptat.ion to round,this-figure: 
to 50 kilometers per hour. Howeve,r., :the d.ifference.in :energy 
of a barrier impact-between 48 and 50 kilometers per hour is 
expo.nent,ia:l ;and might -possibly require comp,lete+ reengineering 
of the vehicle to meet*t-he mor.e stringent,limits. 

I/ i.;..,-. ., '^: _(. ;: i,,.,. ,.< '*. i:;,t 1) 
-:The,Motor. Vehicle Manuf.acturers ;Association:,beli~eved each 

measuremen,t-bin a motor .,vehicle reg,ulation would have to be 
examined car,efully before d:ecisio.ns:.c.an. be made. to, conve.rt 
,to:..reali.s.t,ic metricivalues...!. It ,also believed that regulator-s 
should avoid.promulgating ,rules until -enough expertise is d.e- 
veloped to permit an orderly transition to metrics without.-. 
causing unintentional penalties on affected parties and that 
changes should be coordinated with thos,e,affected. 

1 : j 
CONCLUSIONS .,'--: :.j " 

, ; ,', 

;:, 
j : Because.'of ,its .in'fluence on the .:U.S. economy i the auto- 

m.otive industry's decisio-n to convert to th,e metric system is 
having a major impact on metrication in the United States. 
Many suppliers and others, such as dealers, mechanics, employ- 
ees,..and .the ,,pu:blici are .beginning to o-r should beg:in to feel 
th,e\ ,impact ,of-me.trication. : 

', : Su&l,iers to the. automotiv,e manuf.act.ureir.s-,-GMalone has 
:about 4.7,000--gener.alJylare converting whatever is'necessary 
to supply the automo:bile .manufacturers with metric products. 
Mos,t,.groups being affected by the automo,-tive indust,ry's de-., 
cision to c,onver-t--e:g,, supplie.rs_, automobile dealers, m,ec,h,- 
anics, "labor unions--saw no necessity .to convert nor,bene,fits 
to be .gaine.d,. Any benefits to be gained by going metric ap- 
pear to apply primarily to the automotive.manufacturers and 
large suppliers having multinational operations. 

, ,' 
Autqmobile manufacturers claimed that u.sing one measure- 

ment system throughout the.ir global operations would poten- 
tially offer many be,nefits. Potential benefits included the 
simplicity and convenience of having their worldwide opera- 
tions use a single measurement system. Other potenti.al ben- 
efits, like r,educed inventories and increased standardization, 
are potential futur,e benefits but whether these materialize 
remains ,to be seen. 
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Metrication will involve,.costs forsuch thingsas (1) 
equipment purchases 'and modifica,tibns,. (a), employee training, 
(3,) the ,need ,to stock: and, worek with customary and, metric, 
parts, and ,(4) .changes to compute.r syst-ems: Automobile ,manu- 
,facturers;,however, did.not know what.their total metrica'tion 
costs would be. In an attempt 'to convert at minimum cost, 
their conversions are being carried out-in conjunct-ion with 
size and equipment-changesthat would ,have occur'red'in 'they 
normal course of their operations. Y 

,. 
Conversion by the automobile manu.facturersV-.was purely 

voluntary. No timetables,had been &t by outside organiz'a- 
tions for them to adhere to. They have been able to imple- 
ment- metrication gradually ,-over a ,.lo‘rig period' of. time ,,train 
employees, on. a "se.lected ‘basis, and notmake'wholesale‘ and : *I 
unwarranted -changes to .existi.ng facilities ,.a& equipment. i :' 
Following this approach, 'they believed that the benefits from 
conversion ultimately will outweigh,the total costs to .be 
incurred. .": 1 ,I ,: ,,,', ,: ",; :, : /.i I) ; .' -.. 

,.: 
The automobi'le manufac'turers' dec'ision to"c'onvert to 'the 

metric system appears to rest more on their conclusion that 
metrication in the United States is inevitable than on a,de,- 
finitive comparison of benefits and costs. Because of its 
high, visibility, the automobile manufacturers' -decision to 
convert adds to the fe-eling that the whole cc5untr.y i,s conver- 
ting. ;,. .', 

: ',, 
Several groups point to, the ahomtitive industry,~ part-ic- 

ularly the multinational automobile manufacturers, 'as leading 
the way into metrication. While this may be true, some auto- 
mobile manufacturers themselves were many years from becoming 
predominantly metr-ici -At current timetables,'certain passenger 
cars and parts -will continue 'to-,be produ‘ced':und,er thecus- 
tomary measurement system into the 199Os.',:; It is uncertain:'.. 

,when other motor: veh,icles <and nonautomotive products' 'th'e ,. 
manufactur-ers produce will become predominantl'y; metric. Auto- 
mobile manufacturers have made major.conversion progress with- 
out Gove,rnment assistance. 

The automobile industry's experiences point out that the 
United States can function using two me.asurement systems. 
For many years metric automobiles have been sold in the United 
States even though the Nation is predominantly.'customary. 

The metrication progress taking place in the automobile 
industry could be creating a trend toward metrication that*, 
might prove to be irreversible in the future. If this trend 
continues, the United States might find itself a-predominantly 
metric country by the end of the century under the current 
national policy of voluntary conversion. And if this happens, 
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it will have been largely due to the actions of the 
multinational firms which seem to be the ones with the most 
to gain from metrication. 

L 

\  
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I' : CHAPTER.12 ,. ,, ,'," ; ,, 
.., -: 

METALS INDUSTRY GOING METRIC RELUCTANTLY 

,The metals industry depends on the needs of-its major 
customers --automotive, farm implement, and 'e:arthinoving equip- 
ment companies-- many of which are large muitin,ational c?orpora- 
tions. Several large customers have announced intedtzions 
to convert their operations to the metric system.and.thus 
will eventually order metal products made to metric specifi- 
cations. If the metals industry is. to meet this, demand, at 
least a partial conversion--to the metric system becomes inev- 
itable for them. Realizing tliis';~metal pr'oducers1wer.e 'p,re- ' 
parin,g for conversion and all the ramification?, such a change 
would bring. , ,L, 

' The metals industry'generally believes conversion would 
bye costly with few benefits in return. But because its larg- 
estcustomers plan to convert, 
reluctantly. 

the industry' is ,conv:erting 
To minimize its conversion costs,;. the industry 

initially converted only those activities necess,ary' to meet 
customer needs. But metal companies are concerned that cus- 
tomer demands for metric products will occur too slowly and 
result in a prolonged transition period wit,h two measu:remeht \ 
systems for the 'industry. ,Industry representatives' caution 
that a drawn-out conversion would be confusing and more 'expen- 
sive for the metals industry. Metal companies believe that 

I 

if the United States decides metrication is necessary, a co- ._ 
ordinated national plan must be developed and implemented. / 

1 E 
Jn our review of metrication in the me,tals industry, we 

interviewed a number of officials representing major metals 
producing companies, metals distribution centers, industry 
trade associations, industry workers, American National Met- 
ric Council's Metals Sector Committee, and major users of 
metals. We reviewed available cost studies, industry trade 
statistics, industry standards, company position papers and 
policy statements on metrication, and metric guides and'man- 
uals. 

BACKGROUND AND PAST METRIC INVOLVEMENT 

Companies in the metals industry make products from 
iron, steel, aluminum, copper, lead, zinc, and other metals. 
To date, steel and aluminum companies have been the most in- 
volved with metric conversion because those metals are basic 
to the production of automobiles and farm equipment. The au- 
tomobile industry by itself is the ma,jor customer for sheet 
and strip metal. Manufacturers of such metal products have 
been using the metric system to a limited extent in designing 
products and manufacturing activities for a number of years. 

._ 
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Iron and steel products; are‘ a staple' of o.ur‘:.econ'omy. 
In 1975 iron and steelcompanies. .contributed.. $33..7 billion, or 
2. 2 percent, 'to our gross national; product.-.‘ I- ',: J; : ./ . . . ! ,i ,. ,. .-, 

All major iron and.steel producers-are members of the 
I _ 

industry's trade associat,ion-.-the American Iron and Steel In- ‘.. 
stitute. Until: 1975 ,the->I,nstitute' ti'asr,.a. critic of,.metric con- 
version. ,For.example,' in Cong'ressional ,hearings.- on, March 20, 
1973, the Institute s,tated that. the indus~ry"~ould.e'xp~nd more 
than $2 billion over a lo-year period to convert products 
while r,eceiving little .bene;fi.t; I. This, cos.t ,estimate- was based 
on a,' a-year study. .of the..impact, th:at,con:v..ers.ion would have:, on 
the steel ,iq-dustry: : .' : .lj i ,:,( ,'. ';.' : Y-2, 
.J .,',d / '. ': .: ^. ‘,' ‘ I - '...,_ XI I..., ., ',_ I ;., :r i _ ,. :, ' 

According,.to the study, :mor:e .than 951 percent'of the.:in-. 
dustry's p'roducts are sold in the :UnitedG.States, 'and Canada>.. .: 
Thus, metric conversion would merely increase costs of serving 
this market. In fact, foreign steel producers probably would 
capture a larger share of this market because they have lower 
costs. Steel exports by American pr,oducers were not expected 
to increase from metr.ic conversion because high labor .costs 
generally make it difficult for US. producers to comp.ete.in 
foreign markets. ,. ,' :.' :, . 

' ,. ! 3 / 
The Institut,e ,' which'de,veloped the:$2: billion est.imate 

j using, 1971 .-pr.ices, stated that two phase~s of c.onversion would \ 
be ne'cessary. The f,irst 'phase would be ;the preparation--plan- 
ning, training personnel, and purchasing ..equipment. The sec- 
ond would involve the tra-nsition period during which invento- 
ries would have to ,be maintained in,both customary and metric 
measures. The estimate assumed the most favorable circumstan- 
ces to 'conversion and, that -there would.-be.optimumcoordination 
of the changeoveri The Ins-titute .qualified its estimate by 
pointing out that,the est,imate.did..not.inclu:de significant 
additional costs that would be incurred for mining, transpor- 
tation, fabrication;. and:-. related, activities. Nor did it in- 
clude costs to develop metric standards for the hundreds of 
thousands of steel,products. / .* / 

By November 1974 some major steel users had announced 
metric ~~conversion~plans, and the Congress was consid.ering 
metric legislatio:n. As a result, t,he Institute reversed its 
position. The,costs of metric" conversion became secondary to 
supplying the needs of customers. 

,.', 
In testimony'before the House, Subcommittee on Science, 

Research and Technology, an .Institute official said: 
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"A change to the metric system of measureme-nt will -, 
occur in the United States on a national basis in 
the.. foreseeable future. Maj.or steel users, such 
as the automoti,ve, earthmoving and- agricultural ,' 
equipment, business machiney'and other. industries, 
have announced plans to convert to'the SI [Inter- 
na.tional System :ofCUnits]' metric system of,mea- 
surement:, * .* *., This-fact, more than any other, 
makes it inevitable that th,e SI metric: system 
will eventually become the predominant, system in ; _ 
the United States.," [Underscoring supplied.] 

I 
The, Institute .believed. a national metric 'iolicy -was ' 

needed and a national-metric conversion board- should- be es- 
tablished. While the Institute holds that conversion should, 
remain voluntary, it believes timetables for achieving various 
phases'of conversion should .be a Board prior,ity so conversion 
can be done in the most prompt, ,orderly, and economical fash7 
,ion,. . ' 
\ I 
Al'uminum , .' 

The aluminum industry',had -$11.,4 billion of sales.-in 1976. 
Most aluminum companies belong to a tr-ade association known as 
the Aluminum Association. The Association told us 'its members 
believed that adoption of the metric system was inevitable. 
In July 1970 most Association members .recognized the metric 
system as one,which would be easier 'to use and- less subj,,ect to 
error .but saw no advantage in adopting it. Instead, they saw 
costly problems, such as ', .: 

--education and training of personnel; 

--conversion, of engineering drawings, technical-litera- 
ture, promotional material, operating, documents and 
procedures, and reprograming of computers; 

--replacement of: instruments, gauges, and recorders; 

--operating with a dual system during a transition 
oeriod; \ 

--errors and confusion during the transition; and 

--possible premature~obsolescence. of capital equipment. 

On the other hand,, members which operated in the international 
markets favored metric conversion because it would eliminate 
for them a dual, system of measurement. 
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I_ , ,: j i ,. Copper , , .I 
_I _ . . ,.~, .I .,I- 

The Copper Development AssociationInc'orporated~" 
represents the copper industry. Membership inc.ludes.most ma- 
jor mining companies, smelters and refiners, brass mills, and 
wire and cable mills. According to the Association, copper 
companies have done little in metric conversion. 'Although 
the industry favors.soft-conversion, it will.adopt wh-atever 
me.asurement system becomes ,the accepted pr,actice o,f its cu,s-. 
tom.ers.. : . . ,. ; 

j... / ,-. ,. ,. .;. .. 
,,Early in 19.74"theindustry was not ,advancing toward met- 

ric con,ve,rsion,because >o:,f the:.lack of .customer activity in,, 
th,at.: direction;. ,But by*,June l974p necessary ,sof.tIc.onversions 
were being made without effort,tojhard.conve~rt.,,.,.According to 
the Association, the copper industry stated that it will con- 
vert- to'..metr.ic sizes,, when it, becomes esse,n,.tial to meeting 
customers,! demand:.: As of December 1976, gowever, metric 
activity within.the copper ,industry had .be.en limited to only a 
few metric orders.,. The customary mea,surement system remains 
while the consensus of the industry toward.metric conversion 
is wait,and see:. ,. '.,, . 

.*_ 
Lead'and zinc 

Companies have no plans for ,metrication of most lead and 
zinc products. These companies are represented by two trade 
ass,ociations, ne'ither of which has studied the impact of met- 
rication on their industries nor adopted a position regarding 
metric conversion. The associations, however, are establish- 
ing a joint metric committee to develop a metric position. 

According to a spokesperson frqm each of the,trade asso- ' 
ciations, mostcompanies do not favor metrication. Nor do 
they foresee a great deal of hard convers-ion for 'their indus- 
try I except.for som:e lead.products which are now or%may soon 
be produced in metric units.. Lead used in ammunition h,as been 
produced in metric units for years. Other products ma.y be 
converted, depending on customer demand. 
minum, and copper industries, 

As in the steel,,.alu* 
the timing and.pace o,f conver- 

sion depends.on customer demand. 

CONVERSION STATUS: JUST BEGINNING 

Metric conversion is just beginning in the'stee and . . 
aluminum industries. These industries have made major prog- 
ress in planning for a conversion to the metric system and 
in developing industrywide metric standards. Metric sales 
have been minimal to the disappointment of steel and aluminum 
companies which by now expected to have many,orders for prod- 
ucts made to metric specifications. The remainder of our 
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discussion on conversion status has been drawn primarily- from 
our review at steel and aluminum companies because the copper, 
lead, and',zinc industries 'have done little to date in convert- 
ing to,metrics. .:' 

Industry's plan and approach I ' 
: .' 

Metal compan,ie,s and associations have' bee.n' coordinating 
industry convers.ion efforts through ANMC's Metals Sector Com- 
mittee. Membership on this Committee consists of associations 
or individual representatives of the metals producing indus- 
try, ,fabricators; distributors, 
and government agencies. 

major metal user industries, 
In March:;1977 'this Committee.-estab-- 

lished a conver,sion plan 'for the industry'tihich divided the, 
conversion process into three phases. . " 

I> ,, 'I 
Phase I: Metric' orders are generally -acceptable for 

production if tooling or processing tech-,,. 
niques are available:or if quantity justi- 
fies conversion costs; Mixed unit ordering' 
is undesirable because errors may result. 
Metric orders are processed in customary 
units. .Customer documentation will be in 
the units specified by the customer. 

Phase II: When metr'ic orders dominate they Will be 
produced in metric units, but documentation- 
to the c-ustomer will be i&the units he spec- 
ifies. 

Phase III: Customary units phased out. 
production, 

All orders, g 
and documentation will be in 

E 

metric units only. Customary unit orders 
will be. unaccetitable. 

The,plan does not have a timetable'for implementation. 
Th'e Committee believed setting dates was not within its juris- 
diction because it might subject the industry to"poss,ible 
antitrust action. It noted, however, that other countries 
attempting conversion without specif.ic schedules faced many 
coordination problems. Under voluntary conversion, phases I 
and II would be prolonged for many years and conversion would 
vary widely for producers and users. The Committee'believed. 
metric conversion would be unnecessarily costly, confusing, 
and inconvenient to all producers and users unless a national 
timetable were established. 

-Most companies in our study had metric conversion plans 
which generally call for converting only those products and 
that equipment necessary to meet customer demand; Conse- 
quently, entire production lines and machinery were not to be 
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could result-in savings of about $585,to, $715.,million. ,A 
change in the unit,of measureis ,t'he key; metrication is ' 
just one of the solutions'be.cause.the &me- effect could:'be 
achieved zby changing from the ga$lon to the quart. j . ., '. I .I 

In 1974 the gasoline pump computer producer presented 
a paper to the ~Natio.nal Cohference, on Weights and Measures, 
suggesting,&that the measured 'unit -be. chang.ed' f.rom gallons to 
quarts. This would~allow the price to go up to $3.99 per‘ 
gallon (99.9 cents'per quart-) before the limits of.the com- 
puter were exceeded. Later, if the United States converted ' 
to metric the unit could be changed from quart to liter. The 
National Conf:erenc'e was 'opposed to'quart pricing. ,'.. ; 

. : '. .' ..d _ . . ::. ." 
1 Since the publicusually does not 'pur,chase gasoline by- 

volume‘but rather by dollar amount or tank,full, we'belie,ve 
that the.National Conference on Weights and*;Measures should 
reconsider their opposition to using quarts rather than gal- 
lons if gas pumps are not' conver,ted to m'etrid. ' 1 

: 
Tim,ing the conversion-:would be ‘iinpok’t&nt: 

: ‘, . 

Officials.at the computer company pointed'out that a 
crash conversion program for gas pumps would ,not be good. 
The company wasforced'into a crash, program- for the no-lead 
gasoline.program in 1969. The abnormally high demand for 
parts, 150- to 200-percent above normal, was met,'.but.there I 
were not enough qualified technicians available to install 
the equipment. The equipment was st,il'l' in'.warehouses 2 or 
3 years later. The same thing could happen,if metrication 
turns into acrash,program. The officials,estimate that a 
a goal of 80-percent metric in 5 to 7 years is reasonable'. 

Tire p ressures I . . : 
:. 

Providing air for tires at‘service stations is a prob- 
lem today. According to an official of the.Petroleum Insti-' 
tute, service. station operators'are tired of offering this 
free service. 'The Tire Industry Safety Council,, a private 
organization representing the tire industry, is concerned 
that more and more gasoline service stations are discontinu- 
ing the air service., Proper inflation'is an important factor 
in tire safety 'and. mileage. '(See ch. 13 for a discussion on 
metric tires.) Service stations are not'required to have the 
air service and, even',if they have it, there are no minimum 
maintenance or reliability requirements.. 

In 1972 the,National Business Council for Consumer 
Affairs, a FederalGovernment adviso'ry committee, recommen- 
ded that the Federal Government initiate and'coordinate a\ 
continuing program to assure'.accurate'readings on fixed 
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- -  

air-pressure-measurement devices used by the gene.ral public. 
Th.e intent of the recommendati,ons, was.to have State .weight 

I 
I 

and measure laws requ,ire.accurate ,devices. t -The petroleum 
companies endorsed-the recommendation; however;nothing has 
been done according to the Tire Industry Safety Council. 

According to the Department of Transportation's National 
Highway Traffic Safety Administration, only two.companies are 
known to have the capability to build service station air ., 
pumps which are calibrated in kilopascals rather than pounds 
per square'inch. : ./I ./ . 

Questions about wh.ethe,r the service will continue,to be 
offered and how best to assure the accuracy of these devices 
must be answered, as well as.the .questions of-whether .or when 
to go metric. To our'.knowledge, no g,overnment regulatory 
body has jurisdictio,n. A. :, :.: ',. i' 

, : ._ 
Recently, ,a- coin-operated machine for air has.been.intro- 

duced which may solve the air service problem. 
provides for 4 minutes.of service for a quarter,. 

The machine 
However, 

this machine is not equipped with an air-pressure measurement 
device, therefore,- the userwould have to.provide his own air 
gauge. It is too ea-rly to determine whether this new machine 
will assist~customers in obtaining proper tire inflation. 

C', 
Other products I 

In addition to gasoline,' other products gen,erally pro- 
vided by the petroleum industry will have to,be packaged and 
described in metric,\units for a complete conversion. 

The only studies in this area we know of concern the con- 
version of the oil can. Through the auspices of the Packag- 
ing Institute, a study for converting the l-quart oil can to 
a l-liter can has been completed. Essentially, the existing 
equipment can be modified to allow production of liter .cans 
of oil. The diameter of ,the can will remain the. same, but the 
height would be increased slightly because a liter is about 
6-percent larger in volume than a quart. 

However, several other matters, such as new cartons.and 
storage and display areas, must be analyzed to determine the 
full impact of the taller can. Additionally, one company said 
that'they need information from the automobile industry .as to 
the impact of putting 4 liters (135.3,ounces) into a car which 
currently requires 4 quarts (128 ounces) of oil. The compa- 
nies also need to know when the automobile industry is going 
to specify the liter .for crankcase requirements. Coordination 
with the automotive sector will be.a continuing requirement 
throughout the petroleum industry's metrication program. 
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'CONCLUSIONS ' ?I. ,, ". .i .., ,,. ,' 
.,., ,,.I, ,'.'., ,_' : , 

The" pe,troluem industry ,firmly believes in the- inevita+ ' 
bility of,,metrication but Qoresees.no major ecdnoinid.,ad.vani'..' 
tages to converting. Planning for the conversion .ha.s beg;un:' 
in some areas. The industry prefers a well-planned and coor- 
dinated conversion arrived at voluntarily, instead'df: the-; 
current situation where no firm national commitmeht or board 
is planning the conversion. .' ! I, .._ /..I .._. 1.. 

',", : i 
The.industry believes metrication is inevitable because: 

+ >'. : ,,. ,. . . . ,. ), :.. 
., --&ction$, .byi"inultina:tion8.::S -'and, ot,hers ha‘ke! pfb+id&& a'. ! :s 

rip;~li'ng, 'effe'dt.. ,, ,, ',- I' j',' ./ ', 1. , ,,'i .;,. 
,- , ., ". . : ,^. : i .,, ., , .,, ., 

/i &;M&trication 'e'ventu'&,Jly,.QikLr befi'man'd$t-d by Go@rj.-k 
merit; 1, ;., ,i., ;. :,. :. : I :- -: :. ; II ,, .-a., I "!i. , i. :. ', .- i . " '. 

--The petroleum industry- canno't hold out for a custo- 
mary measurement system' while ;ther'r:e,st of the Nation. 
converts, and the world is'me‘tric;:,-' .,:.. .:." '.. ', .- 

+Not,muchVhardl conversionis anticipated because the in- 
dustry has achieved a very. high, level o,f international 'stand- 
ardization..F.:Mo'st plant and equipment items will be.'soft 
'converted ;' ha.r"$'~onvers~on wrl,l 'be ,1 imit&d, mg2fll.y t'o i r-ad-' .) 
outs for temperature,',' 'pres:sure,'and volume, s'uch;as r.etail 
sales for oil and gasoline. 

Cost of conversion is difficult to estimate but appears 
to be significant. However, it can be minimized through 
proper management of the transition period. 

Gasoline prices at the retail level may exceed $1 per 
gallon in the future. When they do, the industry will then 
be faced with the alternatives of quart or liter sales to 
solve expensive equipment modification problems. The 
adaption-of-equipment problem is present whether the metric 
system is adopted'or not. However, if the United States adopts 
the metric system predominately, State'laws will have to be 
changed to allow.gasoline sales by the liter as this is cur- 
rently prohibited in some States. 

Traditiona,lly, 
gasoline station. 

tire air service has been provided by the 
However, air service and tire pressure 

equipment are neither required nor maintained for, reliability. 
The industry has supported recommendations in this area, but 
no actions have. been taken. Even without conversion, the De- 
partments of Commerce and Transportation; the petroleum, tire, 
and automotive industries; and the States should, work on a 
program to .ensure that air pressure services continue to be, 
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available to the general public because proper inflationis 
the most important factor in tire safety,and mileage.'*The 
public. ne,eds to.be as-sured .of the accuracy of devices used 
to measure tire airy pressure whether. the units used .are c;us.-, 
tomary ormetric., : ., . 

'.. : *' .' : 
RECOMMENDATIONS . _(' I 

.. :/: 
Recommendation to the Chairman, , 

I 

U.S. Metric Board 
..,, . _: .. '-; 

Gasoline bump computers may have to be changed because 
of, the inc,rea,sing unit price .per: .gallon., :,,Therefor.ei,.iwe recom- 
mend that the U.S. Metric Board advise, the.petroleum industry 
of the conversion plans, if any, of other related consumer 
products,...'The petroleum,, in.dustry. th,en can .plan for the. volume 

unit price change to the quart or liter, depending on: what 
measuring system other consumer products will be sold by. 

'._ .) :' 
Recommendation,,& the Secretaries : .- ;'.,. 

,.. 
~, 

of Commerce and Transportation : j ,..' ,, 
., 

We recommend that-the Secretaries of Commerce .and Trans- 
portation.report to the Congress wha,t actions ne,ed to be taken 
to provide ade,quate available air service ,tor~i,nsure tire, I: 1j 
safety and longevity,.,t,o the general p,ubli:c,-, part.icul,a,rly since 
the tire industry be,gan introducing metric tires. I: 
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CHAPTER 15, I 
FLYING WITH THE METRIC ,SYSTEM 

^I- ” .s,. ( .’ s:pnoTd COURTESY OF THE ~‘EIN‘G’AER”o~~AcE.‘COMPANY. 
1, I ,( .’ i - 

7 
BOEING747 -:’ t’ .- 

'The United States is the world leader in aerospace tech- 
nology and production. About 70 percent of the civilian com- 
mercial,'jet aircraft, excluding the Soviet national airline, 
and over 90 percent of the world's general aviation fle,et 
are of U.S. manufacture. In addition, the United States is 
a world leader in commercial aviation. 
Union, 

Excluding the Soviet 
U.S. airlines carry about 47 percent of the world's 

passengers and about 42 percent of all goods shipped by.air. 

The U.S. aviation community--airlines, pilots, aircraft 
owners, and Government--' is concerned about safety in air op- 
erations during metrication. The United States uses the cus- ' 
tomary system for flying. Internationally, however, both 
systems are used, and each country specifies the terms to be 1 
used in that country. Some customary units are used more 
than the metric units inseveral instances. The use of one 
measurement system for air operations worldwide has been 
sought for over 30 years but never attained. 

.1 
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The aerospace.industry-7 manufacturers of aircraft,- space 
vehicles, missiles, and:.a wide.assortmen:t of instruments;, 
parts, and related, equipmenty-believes that metr.icati0n.i.s 
inevitable for itself and the Nation.. A number of factors ,i. 
have contributed to this conclusion: the.197.1 National Bureau 
of Standards metric report, which stated there wasno question 
that the United States should convert: the automotive .industry 
and other multinational companies' conversions, which are 
having a rippling effect throughout the economy; a 1975 aero- 
space industry report on metrication; and the Metric Conversion 
Act of 1975.: Taken collectively, ,the industry believes these 
fac.tors indicate a trend that it ca.nnot ignore. 

. . : 5' '. I, L 

space 
Generally, neither the- aviation community nor the aero- 

industry could identify any major benefit from metrica- 
tionwhich would offset the cost of conversion. Both g'roups 
expect the Federa. Government to.play an.important role.in 
planning< and coordinating metrica:tion. The aviation community 
point,s out that -the .Federal Gover,nmen.t has the statutory ye,? 
sponsibility for air s,afety and therefore must assume the. :( 
leadership in this a,rea. ,, 

The aerospace industry has not received much demand for 
metric products, and ant.icipates that Government orders for- 
new products may lead the way to metrication. Efforts thus 
far have been concentrated on metricating engineering stan- 
dards that are,essential to the industry, even the-ugh U.S. 
aerpspa:ce engineering stan,dards, which are ba,sed,on the cus- 
tomary ,,system, ,ar.e used throughout the world to build aero- 
space products.,, .: , ,*- 

: " 
Wecontacted trade associations representing the aero-- 

space manufacturers ,and U.S. airlines.,.We discussed metrica- 
tion with selected man.ufacturers and airlines and Federal 
agencies. We reviewed available reports and pertinent.docu- 
ments. We also sent a questionnaire.!to the Fortune 500 indus- 
trials, which included 14 aerospace companies, and all respon- 
ded. (See ch. 5 for a complete analysis of all responses.) 

AVIATION COMMUNITY AND ., 
THE AEROSPACE INDUSTRY 

The term "aviation, community" refers to those pe'rsons 
and organizations involved in flying, directing,, and control- 
ling aircraft in flight. This includes, but is not limited 
to, pilots, airlines,laircraft owners, air traffic control-, 
lers, and the Federal Aviation Administration (FAA). 

The aviationcommunity is highly regulated, with FAA' 
responsible for U.S. air safety. The civil aviation f,leet 
in the United States contains about 184,000 aircraft and is 
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.divided into two major groups..‘ General Aviation is the' lar- 
gest group--about 182,000 aircraft--and covers those aircraft 
used by individuals, companies,-and corporations. The sched- 
uled ,airlines are ,the second group. In 1976 U.S., scheduled 

; airlines had ,about 2,300 aircraf't,in ,their fleet:,and transr 
ported about 223 million pas'sengers. They collected about 
$17.5, billion for their services., 

1. 
In 1976 there were about.l4,000 airportsin the United 

St&tes"according to FAA reports. Abou.t 400 ,of these had.con- 
trol towers operated by the FAA.-' At these 40.0 airports, there 
were about 64 million takeoffs and landings with general aui- 
ation accounting for .about 76 percent; airlines, 20 percent; 
and the military, 4 percent'. : .~ , 

The-'term Paerospace industry" describes the'-manufactur- 
ers of products ,,such as aircraft; space vehicles; missiles; 
and'a,wide.assortment of instruments, partsi and related i 
equipment; The aerospace industry,is-diverse ,and. complex.'" 
Although dominated by a'few giants, the industry has a,very, 
broad base with more than 3,500 suppliers. Characteristics 
of the industry are its high degree of technology; its inte- 
gration ;with-other high technology fields, such :as electron- 
ics and computers; and the long'lifespan of its,prod'ucts. 

The United States dominatesnearly all aspects'of-the 
world"s aerospace industry.' The.industry had about'S bil- 
lion in equipment sales in 197'6. Government sales--for both 
domestic a,nd export use-- accounted for about 67 .percent of': 
all aerospace business. Nearly a third of the indus,try'$ 
total sales of aerospace products were to foreign markets, 
either-direct-ly or through foreign assistance programs. Aero- 
space export sales were.e,xceeded only by agricultural exports 
as a positive contributor to the U.S. trade balance. ' . 

SHOULD AIR'OPERATIONS CONVERT?' .' ' 
, ., 

'Measurement is'an integral part of fly-ing, directing, 
and controlling an aircraft. For safety an,,d efficiency in 
air operations, measurement units and terms have been stand-‘ 
ardized nationally and to some extent internationally. 
Standardization, it is generally b,elieved, will reduce con- 
fusion or misunderstanding and may aid in preventing acci- 
de'nts'. Complete international standardization on measurement 
units, based upon the metric system, is being sought. But, 
because of th.e relative standardization already achieved, 
concern has beenexpressed on the advisability of metricating 
U.S. air opera,tions. These concerns cover safety in air op- 
erations during metrication and: the relatively high cost of 
converting equipment. 
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Air operations todsay I “i ._ 
'. / 

Air, operations.is an all7enco'mpassing~term used,to desy 
tribe just abo,ut anything or anybody exerting'a.control over 
an aircraftts flight. It.includes radio proced,ures, emer- '? 
gency procedures, enroute and terminal navigation aids, maps, 
charts, radar and instrument approach procedures,acommunica- 
tions between the pilot and ground personnel (such as the 
tower operator or the air traffic controller), and many more 
related items. 

, 

'To make aviation as safe as possi.ble., the communications 
and procedures used in air'operations'are regulated and stand- 
ardized for each country and internationally as much -asipos; 
sible; FAA has the responsibility“dnthe,United States for 
regulating air operations.and developing and operating a com- 
mon system of air, traffic control and 'air,navigation. In ad- 
dition, FAA issues and enforces regulations on operating and 
maintaining aircraft; certifies pilots, aircraft, and air- 
ports; 
ities. 

and operates air navigation and communicationfacil- .,, 

International air operations is theconcern of t-he 'Inter- 
national Civil Aviation Organization,(.ICAO). 
ganization, 

This treaty or- 
of which the United States is a member, seeks 

agreements with its members. on rules, regulations, and pro- 
cedures to make international aviation as safe as poss.ible. 
It is a specialized agency of the United Nations-a,nd.'i:s. fi- 
nanced by contributions of its member States. ICAO has no 
compulsory powers. 

>’ , :  ,  

ICAO has sought to standardize international aviation, 
on metric 'units since its inception inl944. Many'members, 
including the United States, have resisted this effort and 
continue to use customary units for air operations. ,In 197>6 
ICAO's Air Navigation Commission prepared a comprehensive 
paper on standardization of measurement units for interna- 
tional aviation. The'paper stated that the paramount need., 
in the air operation area is standardization. The Commission 
concluded that the commitment.to standardization may take 
precedence over converting to the International System of 
Units metric system. The Commission stated that ICAO's over-' 
all objective is the singular 'use,of a standard.measurement <' 
unit based on SI units, 'except in those cases where the 
use of a specific SI unit is impractical,or undesirable. 

Presently, both customary ,and metric measurement units 
may be used for air operations. Nations may use either the' 
ICAO Table or ICAO's Blue Table, or they may.choose the table 
which comes closest to their needs and file exceptions for 
specific deviations. The United States uses the Blue Table 
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with a number of exceptions. According to ICAO reports, 47. 
countries use the ICAO Table, but 13 have filed exceptions. 
There are 64 countries following the Blue Table, and,.12,(in- 
eluding the United States) have filed exceptions. 
uses the SI metric units exclusively. 

No country 
The following,:table 

contrasts the'ICAO.tables, the SI metric units, and.the units 
used by the United States. 

Measurement Units for Air Operations 

SI Tables 
YMeasurement metric .' ' 

U.S. 
ICAO - : '_ 1, I - Blue - system 

,Distance: ,'. .) .' 
.wv3 kilometer (km) nautical, 

_,' ." ,, mile I 
short ., 'meter (m) ." ,'m.'., 

nm ., nm : 
(nm) . ~ 

m .. ft 

.alt.itude/ m m 
elevation 

ft ft 

Speed: 
horisontal meter'per knots (kts) ' kts“ kts _,. second (m/s) 

', .: :' 
.vertical m/s m/s . ft/min ft/min 

,. 
Visability: 

.., I 
long distance km or m .';' km or m 1 'kinorm statute 

mile 3 

short distance km or m 
'u 

km orm kmorm ft 

Altimeter setting' Pascal or millibar 
(atmospheric 

millibar 
kilopascal, ,: 

inches of 

pressure). \ 'mercury 

Temperature 
; r kelvin or 

Celsius 
Celsius Celsius Fahrenheit 

Weight 

Time 

kilogram< 

second 

metric ton metric ton 
or kg 

pound _I 
or kg 

dayLhr/min day/hr/min day/hr/min 

,Neither the I.CAO Table nor the Blue Table listskilome- 
ters for distance measurement (both,show nautical miles), met- 
ers per second to,measure horizontal air speed (both show 
knots), Pascals for altimeter settings (both show millibars), 
Kelvin for temperature (Celsius is shown), nor the second as 
the unit for*time (both show the date/time group, that is 
071,350 means the 7th day.of the month at 1:50 p.m.). 
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The only differences between the ICAO Table and the Blue 
Table are that the Blue, Table lists feet to measure altitude 
and feet per minute to measure vertical speed. : 

., * 
Germany, Italy, Mexico, and the,United Kingdom reported- 

ly adhere to the Blue,Table. Canada, ahd,Japan follow the 
Blue Table with some,exce.ptions.; France and Brazil reported- 
ly follow the ICAO Table, and the Soviet Union follows the 
ICAO Table-with exceptions. However, officials of various 
aviation community organizations. informed us that most coun- 
tries us'e,feet rather than meters for altitude. They told us 
that the Soviet Unionand. East European countries- are the only 
countries which use.meters: for altitude.: 

I I 1 i 
We found that altho,ugh several countrie,s.told ICAO they 

adhere to the ICAO Table without exception, these countries 
use feet/ for altitude rather,than meters. According to an ' 
ICAO official,.member:countries .are required to notify ICAO 
of all diffe.rences, but not all members do so. He did not 
know of any acoidents caused because,,countries,used feet 
rather thanmeters, but said the,potential existed. " 

,i 
The measurement units. used--for a,ir operations-in Canada 

and the United States are essentiallyjthe same& but there are 
some minor differences. For example, Canada uses either 
statute miles-per hour or (knots for air speed, and the United 
States uses only knots.. 

Continued international planning for . . 
metrication of air operations, 

ICAO's Air Navigation Commission has approved a proposed 
long-range,plan for metricating most aspects of international , 
air operations'; A 1977 report, requested by the Commission, ' 
concluded,that ICAO's, current rules o,nstandardi$ation:of 
measurement units were not broad enough in scope to promote 
the objectives of a single standard measurement system for 
air operations, based on.the SI metric system. It was noted 
that the aviation industry had been,slow to implement the SI 
system, primarily because of the lack of 'adequate financial 
incentives an,d knowledge concerning the effects on safety. 

The report furthe.r concluded that ICAO.should take the 
lead by implementing three basic sequential phases of,long- 
range plann.ing to achieve its objectives: 

--An initial phase wh%ich would.consist of revising -its 
rules on measurement units encompassing the use of SI 
units, with specific exceptions which reflect present 
realities. 
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y.rAn.in,termediate ,phase.':which.would followand consist 
of developing implementation plans for the exclusive.' 
use of S,Iunits ,and those.units.outside:the system.:. 
which have been retained for general use, such as liter 

,, and hour, a,nd those retained for temporary:.use,.such 
as: knot,.,,nautical,. mile,, foot,, and'bar..-, ~(This phase.: I 
could: require l0 to 15;years .to complete.) ~ .- ; 1 

‘ I -. 
--A final'phase which.would consist of developing im-. 

plementationp.1an.s for the exclusive use, of...SI, units 
and, only those.. uni'ts wh,ich have been retained fo,r. . . 
gene.ral..use~ in,:avia.tion...,.The temporary. unitsof kno.t, 
nautical mile, foot,!.and bar ,wouBd,,be eliminated _ 
during this phase. (This phase could require an 

,:add,itj.on,aJ l&,years;. to comp&.e.t& )- ,' :-L: !: :::: 
::A .'.. . . - .: j. ,< ',,,>,,.,' I:, ,' ,' :1 I 

The intermediate, and:;fina,l phases,;of.plann-ing:must,<consider 
the financial'incentives and human factors (safety).+' ... .,:;:. 

:, I _,,. : ,_ ,' : " :: ,. 
The Commission agreed, with th:e;*conclus.ions'~of' the 19'7.7 

report and thetmultiphase ;process of implementation.. It 2 
requested the development of proposals f'or amending ICAO's 
rules on.measurement units and,,. ,within,fl,year, a: report on 
the implementation o,f the'late,r phases. :. i 1 :j :: : ' :. _. i, ‘:(:~ 

In September,l977..the':Commission requested comments from 
ICAO members and interested parties on- the-adoption, of S.-I::. 
metric units for international air operations and proposals 
for a timetable to'phase out.,customary units..:.As of,'February 
1978,-not all comments had been received, according'to-'an ICAO 
official. ., 

/ ,; : ,_ : I 
Ind,ications are, that a number of ICAO members;and.some 

interested .parties‘*oppose complete adopti0.n of the,'*SI; system. 
The U.S. representative,.to..ICAO responded,, in part,,, ' 

,_ / 
,I* * *. 

3. ,m: j _I 
more. than 80% of the world's aircraft are .> 

equipped for 'operation by reference .to the units 
'foot';..:'nautical mile', and, 'knot.' Additionally, 
in view of the expense of modifying-these aircraft' 
to operate,.by reference to,.SI units,Tthe limited. 
benefits gained, ,and the hazards which may be 
involved.during transition,. the United States with- 
holds commitment to any time frame for termination 
of these [customary] units * * *.'I 

tion, 
An official of the International Air Transport Associa- 

which represents ,international airlines., told us that 
while the Association had1 not officially commented on the ICAO 
proposal, it had received more replies from its members than 
normal. Its members were firmly opposed to the changes, 
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par,ticularly the changes of feet to-meters and:::*knotsto kilo- 
meters.per hour.. The official:ch.aracterized,the. opposition as 
"notably vociferous" on the economic impact of converting 
equipment. 

., $" ., '._ ' '1. :. 
U.S; concerns on conversion , 

, 1 '.' '1 .,': ; -I ", .' .' _' 
Safety and the lack ofiincentives for conversion are the 

principal factors mentioned in discussing metrication of U.S. 
air operationsb At-a 1976 FAA-sponsored, industrywfde'con- 
sultive planningL,conference;.representatives of the aviation 
community pointed out that....these concerns,must be addressed 
before conversion.could occur. The aviationcommunity.,is 
looking'to-..the'FAA to take theer lead.,in,any movement,,to.metri- 
cate air operations: ,'* .i ., .I- 

/: /. _' :,' I" ; = J ' :, _' i. : ,. (_, ', 
. . The safety concerns center,around the,communications 

between pilots and ground personnel and the ability of these 
people:to accurately*transmit and respond to different mea-' 
surement units. The problem is referred to as human+factors. 
The question is whether during a transition period--from cus- 
tomary to metric units-- the pilot and ground,personnel~can 
communicate without confusion or misunderstanding. It is 
feared that.communication problems could occur and,safety 
could be jeopardized, : :. ,i_ -,,. 

. ,' / I _ i _ 
,The.aviationcommunity preceives that there is no.in- 

centive to,convert because,U.S. ,air operationsare standard- 
ized-reveryone is using the same units--and converting equip- 
ment will.beaexpensive; 

! 
Attitudes on safety and conversion 

'Representatives of the aviation community:at the,Novem- 
ber 1976 consultative planning conferencecexpressed the. fol- 
lowing views: I:, ' ,, 

,--Air Transport Association (represents U.S. airlines): 
During a transition.period,, "the name of the game here 
is safety." Careful consideration must be given to 
the how and when of the transition. , 

--Aircraft OwnersTand Pilots Association (represents 
: individual, aircraft owners and pilots): The Associ- 

'ation's policy on metrication is to'see that the con- 
version is not costly in terms of money or lives. 
The conversion-must be very well planned and, coordi- 
nated. 

.; 
--Professional.Air Traffic Controllers Organization (rep- 

resentsair traffic controller personnel): Converting 
will be an immense task. Much of the conversion will 
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.,. ,, have to', occur. in a short period,.‘becau,se it. w.ilP ,be:<. 
', i imposs,ible to have parts of the country.operating,on 
. '. 'different systems. : ) 

i.., ,'i ,,_ 
American National Metric Council's Aerospace Sector 

Committee, which provides a forum, for metric planning; has 
an air operations subcommittee. The May 1977 forward to the 

-Sector Committee's:metrication~plan states: ; -' -. 1 i ., ,' 
"5 .*.*,metric conversion in the tiorld's airways 
and cockpits must.be thoroughly assessed and:.:;; 1'. : 
coordinated. Unilateral action by any element of ,. J 

.:the airways, system.-could result incatastrophe.;. .' 1 .Only after -identifying..and,:address.ing'all the POT . ,. 
tential problem areas can the decision be made as 
to whether it is even feasible to consiver con- 
vetting to metrics* ?. *; ? .': -. : . . )'- . 

i j ;. , , I:, ; ,I: " '. . . /, 
FAA.reportsthat air safety is paramount.in.its'thi'nkingPon 

3 

metrication. SI *,',. " r: : i ', \ e 
Little action to date 

_. I '4 ; : ' ..: .,. / : 
,Notwithstanding the safety concerns, very little action 

has'taken place. At the November 1976 consultative planning 
conference, it was concluded that there was no reason to act 
because no.specific government policy.states that the United 
State!s.will be ,pr.edominantely metric within.a g,iven time .frame. ) 
Also, FAA. is looking,to the aviation community,for some,signs 
that it wants to convert. No signs have been given; con- 
sequently, 

:, 
no progress is being made. e F : 

Some members of the air operations subsector of ANMC's i 
Ae'rospace Sector Committee believe that its'planning activ- 
ities are premature .and ;that its activities falllwithin FAA's ! 
responsibilities. FAA, in turn, acknowledges that-by law,it 
has the basic responsibility for the national airsbace and 
flight,operations but believes the ANMC group can provide I 
comments, ideas, and recommendations. 

One proposal made at,the 1976 'consultive planning con- ; 
ference was that FAA should determine the units to be used ; 
before attempting to decide how to implement the change. 
In February 1977 a Federal interagency group on'internation- 
al aviation agreed to study the.units in question. The study. 
was expected to take 1 year. The results of this study were 
to.be used as the basis of the US. position to,ICAO'regard- 
ing the units to .be used. However, in December 1977 we were 
informed that a study on units would not be done. In Febru- 
ary 1978 an FAA official said FAA had informed ICAO that, 
while the United States has the legal basis to act, the .% 

- 
.d 
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U.S.;Metric Board has not been,:formed and.it would be prema- 
ture to.establish a U.S. position. 

; 2, ', i 
Cost of converting- 

.,: ,, 
Complete estima-tes on-the.cost..of-.converting e.quipment. 

and instruments. used for air operations are not available.. 
The Air Transport Association anticipates that the.costs will 
be significant but has not-estimated the cost. 
have made some preliminary estimates. 

ICAO,and FAA 
': 

ICAO estimated in 1976,that about 90,percent of the 
world's civilian aviationlfleet-:25,000 .commercial air-,trans- 
ports and..220,000 private aircraft--were equipped with nonG1 
metr-ic measuring instruments. They estimated the.cost of 

, changing four instruments-Tairsgeed indicator, vertical;velo- 
city indicator, and two types of. altimeters--in the world's 
civilian aircraft fleet would be $1 billion. The FAA has ' 
estimated that r.eplacing.three of-these instruments in the 
U-.S. fleet will cost between $400 and $500.,million. .The;U.S. 
fleet consists of.about 2,300 commercial aircraft a,nd 182,000 
private aircraft. 
aircraft. 

The estimate does.not cover military 
! 

Additionally, in 197.6 FAA reported:estimates for con- 
verting some of'its activities.. These included $2.3 million 
for .converting a test center,. $90O;OO.Ojto develop modifica-' 

,tion kitsfor some ground.(equipment, and $1.5 millionto de- 
velop, a conversion program for software. 

FAA has not determined theltotal cost,of conversion, but 
it expects to,conduct additional cost studies. It is expec- 
ted that equipment conversions and the.testing.required to 
validate the conversions will demand many staff years of e'f- 
fort and the cost will be extensive, according to an official. 

Besides converting equipment, the aviation community, : 
will have to look into converting the vast,array of charts, 
maps, instruction and procedure manuals,'regulations, other 
publications, and weather information. FAA reported in 1976 
that its Air Traffic Service had concluded that a 12-month 
lead time will be required .to convert handboolks and Federal 
Aviation Regulations and Advisory Circulars. 

A February 1977 report of the FAA metrication group in- 
dicates little additional conversion activity on FAA's publi- 
cations. It was reported that metric units are provided in 
a number of 'publications but little intent to convert publi- 
cations which did not already contain this information. 
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On weather .information ,FAA is aware of the',National, 
Weather Service's proposed planfor conversion. -(See'ch.:28.) 
It participates in an interagency committee on weather infor- 
mation exchange, which as of November 1977 had‘determined, not 
to change reporting aviation weather information. However, 
if the National:Weather Service implements its plan;'aviation 
weather information will still be reported,in. customary units 
until such time.-as aviation converts. 

BUILDING METRIC AEROSRACE',PRODUCTS .J 

Aerospace,'manufacturers':view"metrication as inevita- 
ble',?but customer demand. for a metric'product ispractically 
nonexisten'ttat th,is time,:,'The principa13,problem facing the 
industry,is the, conversion<of its eng'ineering and product 
standards.' The:industry must-rely on-thousands of these'stan- 
dards.in producingOits'products..:. ', ' 

’ 
,  

I .  
/  

. I  'Aircraft manufacturing canbe divided ,into two, g'roups ,;r 
wh,ich overlap each: other. The',first i:s called general avia- 
tion aircraft.,.which is a term generally'referring to the 
size or use of the aircr,aft, General aviation aircraft are 
generally small aircraft rather than the larger commercial 
types. It includes such aircraft as the bi-wing, used for 
crop.dusting; small.business 'or“@leasure:aircraft, used by 
individuals. or companies;i and small,jets;,used by corpora- . _ . 

I 

tions. :-General aviation manufacturers usuallyYproduce- for 
the civilian market, but theamilitary also'buys some of their 
products. j , 

.The second group covers essentially:'all other aerospace 
products. 'The product range is large, covering everything 
from commercial jets used by. airlinesand the military,to" jet 
fighters;missiles, and space vehicles:bought bythe Govern- 
ment;> : ,.,; ., 

Many believe metr.ication is inevitable ~ 
but. few wantto lead the~'.conversion 

- 
Metrication in the aerospace industry can be described 

as varied and contradictory. ,-'This situation comes about 
through the existence of two counteracting situations: 

+'. 
--The "inevitability syndrome," the acceptance as fact 

that metrication, is inevitable. 
: 

--The "chicken/egg syndrome," which translates to, "I'm 
ready to accept a metric product whenever you produce 
it-- economically" and the opposite view, "I'm willing 

I to build you a metric product if you're ready to order 
it-- and pay a little extra for it." 
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So, although most are convinced that metrication is 
coming, few (pro.ducers or customers) want'to take the ini- 
tia.tive for metric production. 

: ; 
,', Inevitability (.. ,, 

The fact,that aerospace manufacturers view metrication 
as inevilzable has surfaced during our. interviews with selected 
cqmpanies and their. trade associations. It is also evident ,in 
a 1975 industry metrication report and 13 of the -14 responses 
by aerospace companies to our Fortune 500 questionnaire. 

: We sent followup le,tters' to the aerospace c0mbanie.s that 
said, metrication was inevitab1.e.; of thes.e,..ll:responded..%,We, 
asked why metrication;was inevitable. *The answers,were: gen- 
erally,that world markets may dictate.that.U.Sc products be 
metrically dimensioned. Also, company officials responded 
that' they anticipate that the Gover#nment:-primarily th,e.De- 
partment of Defense and the National! Aeronautical and Space-, 
Administration-- will require metric, products. Finally,, they. 
said that as U.,S. multinationals convert, such,as in the auto- 
motive, computer, and farm,industries, the:re,will-be a rip- 
pling,effect. This means.that as common suppliers convert, 
metric products will be available at less cost th-an-customary% 
products. Their reponses are summarized in the chart below. 

:’ ._ \ Perceptions on Why Metrication js Inevitable 

Response 

World markets will .,’ 1 
demand metric products i 

U.S. Government will require’ 
the use of the metric system 

Ripple effect of other U.S. 
companies converting 

Rest of the world uses the 
metric system or are converting 

U.S. Government is requiring 
the use of the metric system 

Provide a common measurement 
language 

Multinational manufacturing 
consortiums will use.the 
metric system I I I I I I I I I I 

1 2 3 4 5 6 7 8 9 10 
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Chicken/egg syndrome , ! 
'. .I / L, .., 

The chicken/egg syndrome comes about because a‘,'&rce:ived 
economic penalty is associated with metrication. 
manufacturers say a metric product will cost more. 

On one hand, 
On'the 

other hand, the Department of Defense says it does not want to 
bear the brunt of.industry's total conversion costs. ‘The air- 
lines' positions- are similar to Defense's: they will, not re- 
quest a metric airplane but will accept whatever is economi-- 
tally available; .' / I i 

Manufacturers are saying that there is just no customer 
demand for a,metric airplane.- One general aviation firm sells 
50. percent of'its production in the 'export 'market and h:as-re- 
ceived no.pressures. for a metric aircraft., It .envisions that 
its next generation ai.rcraft, not .evenon ,the: drawing board 
yet,.will. also be-built to customa,ry specifications. 'None,of 
the..commercial aircraf.t ~manuf~acturers' tie talked to had',re- .." 
ceived.orders by an airline, 
ric aircraft.. ' In-,fact, 

d'omestic or. foreign;. for, a met- 
foreign: airlines may-resist any e% 

fort to,metricate sin'ce their..fleets 
built around U.S 

, parts, <and 'tools are 
.-designed aircraft; 

chasing a U.S. 
The Belgians, by pur- 

military aircraft (F-16) ,instead of'a,French 
plane (the Mirage), have demonstrated that forces in the 
marketplace:take precedence over metrics. 

I 
According to the 1975 'aerospace industry metrication 

report, conversion of the industry is unlikely to result' from 
positive economic forces. Some incentives must be artifi- 
cially imposed-- most probably.by governments--if the industry 
is to convert.--,,. Mos.t -of ,the:,,majlor+manufacturers we contacted 
agree. One major firm.-reports no pressures from:.customers 
for metrics and suggests that then Government may have to pro- 
vide some' "se'ed"“ money tb'get th;i+gs going. 'I' -,'_ 

.,. I 
Of the l$,aerosp,ace .firms,responding to our survey.of 

the Fortune 500, 13'.ckiaracterized-their metric status as 
"meeting the demands of customers." One indicated'it would 
attempt to block or postpo,ne metrication. Not one company. 
saw itself as a leader inthe metrication process, nor d.id 
any see itself as following the,lead of others in its indu,s- 
try. Industry's perception ,is cl,ear--the customer will 
le,ad the way. 

a 
During the early 1970's some companies anticipated a 

strong, mandatory metric act with time frames for conversion 
and began to plan accordingly because legislation proposed ' 
at that time contained such provisions. The absence of'these 
provisions in the Metric Conversion Act of 1975.has caused 
these companies to retrench. 
and-see" crowd. 

They have now joined the "wait- 
I 

- 
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Gove.rnment.policies :are important, to-this industry 1. 
because~its ,$urchases'are by,far the largest market for aero- 
space-products,. For the period 1967 through 19.76, Goverpment 
purchases of ae,rospace products accounted f,or about 75'per- 
cent of the industry's total sales of,$228.billion. If&v- 
ernment,purchases were to-be predominantly metric,'the effect 
would be pe,rvasive,;and would drastically,affect the private 
market. 
will 'take 

Th:ere. is no.indicat,ionthat the Federal Government 
such action: 

discussed in ch. 22'.) 
.(,Federal'oeerations.and -policy are (' : _, _' ,>,.' 

Coo~~i~at,ion and' i,an&,.' ,, "' 1;"' 
X.P', 4. .'. :' F' ,$; , <I. ', 1 

.' : ':" (.I/. < (,,,. ;,. .,.i; ,,.., "I '.',. :' ,,(_ ) ! .; ,.' .: 
__ I ‘,.,$P .1 ;::: IL ',, i' ,/ 

Nearl,y~.,ev,ery e.om,~~~~,y~.,We,,,contacted ','has'::.'a'zmetric plan '0.r 
policy sta,t,emg?.t,.:.,j(,.~~he~s~,,dgcuments are very‘,-&ntative and 
flex'ib'1.e; '- !JJhe1;F- :c,dQt&:nt:,e ;?&nge .:&o,q: g:&ne.r’al ,,'?&idel ines; to 
ver~~y de,ta,iled instrvctions:,. but they~'all:B're,: depend'ent on 
customer demand or'the introduction of, an 'incentive ,that' is 
not presently perceived to exist. ,;, ,. ~' 

I ;: : 
The ANMC Aerospace Sector Committee has developed amet- 

rication,pl,anwhich, is updated ;periodic,ally." Its plan is'as 
tentative as'the various company'plans; The plan's preface 
states that aerospace equipment manufacturers will not likely 
convert in,unison and, that there is no industrywide metric 
capability now and none envisioned for the near future. 

The international market 

The exportation of aerospace products is very important 
to the industry and the. U.S. economy. In.,1976 aerospace ex- 
ports of $7 .8 billion accounted for.~~:nearl:y' 7 pe.rcen.t:'~~::.a~~l" \ 
U.S. e'xporfs,. Foreign sales,.comprised 'Laboat. 33:..percen't of 
the industry!s, total sales of .aergspa.c.~'ptodl'~';' and about 
50 per.c,en~t,Lof' 'all transport a.i,.rcra:ft' o#order were bound for 
foreign markets.. Civilian'eqports comprise about 72 percent 
of the total:,dollar value of exports, and military products 
account for 28 percent. 

How important are units of measure in exporting our aero- 
space products? In response to our Fortune 500 questionnaire, 
the 14 aerospace firms unanimously indicated that price, qual- 
ity, reliability, and superior technology are the major fac- 
tors in promoting exports. The consensus is that measurement 
language and/or engineering standards are of minor signifi- 
cance. The respondents' attitudes are shown in the table on 
the following page. 
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Significance Of Factors In Promoting Exports .' 

Of major Of moderate Of minor No basis 
significance I significance significance to judge. 

Factors NO. Percent No. Percent NO. Percent E. Percent - ----- 
Competitive prices 14 100 - 

High quality 14 100 - '- 

Superior technology 14 100 

Good reputation and reliability .14‘ 100 

Good product,mainten- 
,.,ance and servicing 13 93, 1. 7 Y 

Design/manufacture 
of products in c.us-.. 

.) 

tomary (or English) 
units and/or engi- / 
neering standards 1 7 12 86 1 .7 

Design/manufacture 
of products i.n 
metric units and/ 
or engineering 
standards 10 72 

: ,  .  .  

2“ 14 

The world market for aerospace products.is currently 
dominated by the United States and uses its customary 
measurement,system., However, .some people within the industry 
question how long this will continue to,be truei,particularly 
because the 1975 industry metrication report said that, as 
early as 1974, the United Kingdom mandated that all future 
military aircraft contrac,ts would specify metric modules. 
An association of European manufacturers has stated that, 
to counter American sales 'in aircraft, all future commercial 
aircraft projects will employ metric modules. 

'. Before the.early 197Os, Brazil--a metric country--was, 
the U.S. industryJs number one export country for genetral 
aviation aircraft. 

A manu.facturer's association official told us that since 
the early 1970s ,Brazil.has introduced some nontariff trade . . 
barriers which force U.Si-manufacturers into licensing agree- 
ments., ,As a result, the Brazilian aircraft manufacturing in- 
dustry has made a rapid advance. It has changed from air- 
craft assemblers to manufacturers of aircraft parts, including 
air frames, radio and navigation equipment, and ground support 
equipment. This development, plus the possibility of 
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international cons.ortiums for military and.commercial 
projects, 
fers. 

could. hav-e major effects through technology trans- 
To date.;;there have-been no significant Trans-Atlantic 

Aerospac.e,.consortiums. However, such an arrangement was 'at- 
tempted recently between a major US 'manufacturer and a 
French firm. An agreement in principle was reached to-jointly 
build a midrange commercial passenger aircraft, but a final 
agreement was not completed. 

However, the recent announcement by a major British aero- 
space company that it was not converting creates some ques- 
tions. According to a U.S. aerospace industry o,fficial, this 
British company cited pressures from customers '(airlIines)"as 
its reason for not converting, which means that in:,the near 
future new aircraft built outside the United Sta.te,s wjll',be 
essentially customary. :. \ ,' .,? ., 
Advantages and benefits questioned 

The benefits of metrication most often mentioned..by,aero- 
space firms are greater standardizatio'n and rationalization 
(reduction in the number) of standards and parts. Other,ben- 
efits sometimes mentioned include 

--ease of calculations, 

'--opportunity to introduce better technology; L 
', . '. 

--increase of fore:ign sales through international 
standardization/. : ' j " ', _* Iv : : 

. I ,: , ,:.., i 
,--opportu,nity to,avoid some nontariff trade bArriersi 

and :.:, ,, _ ,': 
t,'l.l . . '\ 

'--pressure to seek.out better-designs. “I : ,;l, " ,' . . 
Comments from the airlines, trade associations, and some 

manufacturers .generally attest to the inevitability ,of%ietri- 
cation but deny the existence..,of any,-major. economic benefits; 
According to some, the standardization and rationalization 
arguments are not totally valid. Both goals are continually 
sought-'after anyway and.can be achieved without metrication. 
According. to one-aerospace manufacturer., the North Atlantic 
Treaty Organization needs standardization but not a metric. 
airplane. It' is also agreed that there are no,,benefits ina 
soft conversion. Soft conversion offers no hope of increased 
standardization or rationalization.. _/ 

., , 
Of the 14 aerospace firms responding to our Fortune 500 

questionnaire, 13 responded to our questions on the frequently 

., 
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attributed adva.ntages of,metrication;to.their company. As can 
'be seen below, opinions were rather mixed. 

Opinions on Advantages of Metrication 
., '. 

, Frequently Does not No basis 
attributed Agree Disagree apply to judge 
advantages No. Percent No. Percent No. Percent No. Percent - - - - 

The metric system 1 
is easier to use 
and would result 
in fewer errors 6 46 6 46. - A'.. :; .8' ,,.~ , . . . . 

Conversion will ', 
increase or pro- 
te-ct 'the present 'S t / 
amount,of exports ,. 
and work overseas 

,5',.. 38 8,. .62“- '; .- - '. '_ 
Conversion will .r .- 

provide an-oppor- 
tunity to stand- 
ardize products 11 85 1 8 '1 8 

Trade will be fa- 
cilitated. through I,,, i 
a common measure- 

', .I 
ment language' -. 9 '. 69 3 ,'23 ,l ,9 

Use of the metric 
system will in- 
crease production 
efficiencies 

., -I 
:: ,,' .,. : 

3. 23. 6 46. - - .4 31 

Use of the'metric 
system will fa- 
cilitate.techno- 
logical advances 2' 2 9 6.9 15 15 

Conversion will 
provide an oppor- 
tunity for im- 
proving product 
standards 8 62 4 31 - - 1 8 

Conversion will 
stimulate your 
industry 11 85 - - 2 15 

No one believes that metrication will benefit its com- 
pany by stimulating the industry or facilitating technologi- 
cal advances. Only three believe production efficiencies will 
improve. 
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There is general agreement in ,three areas: 
_,: ‘_ 

--Metrication will provide an opportunity to standardize 
products. 

--Metrication willprovide .an'opportunity to improve 
product standards. 

--Trade will be facilitated through a common measurement 
7 language. 

Aerospace companies agree that metrication presents an oppor- 
tunity to improve products and product standardization. Their 
responses are not an,affirmation of the probability of success 
for achieving those'goals through metrication. Product.stand- 
ardization and improvement are goals which receive constant' 
attention anyway. Metrication presents another opportunity to 

;focus that attention but, with or without metrication, some 
factors take precedence over these goals as shown in the pro- 
gram to develop an optimum metric fastener system.' (See ch. 7.) 

Nine of the 13 respondents agreed that trade would be 
facilitated through the use of a common language. 'This is 
not to say, however, that trade or exports would increase. 
In response to another question, all 14 firms responded and 
10 said that they expect no change in exports as a result of 
conversion; the other 4 anticipate a slight increase in ex 
ports. The consensus appears to be that the firms see some 
improvements in the administrative aspects from conversion but 
do not see significant change in the total amount of exports. 

The following table shows the 14 companies',responses to 
how the frequently attributed disadvantages of metrication 
would apply to their companies. 

L 

I _  
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Opinions on.Disadvantages of Metrication 
,I( 

Frequently' .'- 
*attributed ,, 

disadvantages 

(_' 1 
No basis '~ \ 

Agree Disagree ' to J 'udge ' L 
No. Percent No. Percent - No:' Percent - - 

Conversion will 
be costly 

Training em- 
ployees will be 
time consuming 

11 79 3 21 
\ 

11 79 3 -' 21 

Conversion will 
result in dual 
inventories 12 86.. - -i 2 14 

Customers will ' 
be confused by 
the metric.system 7 ',50 6 4,3 ; 7' 

Conversion will 8: 
increase .the 
prices of your 
company's products 10 71 2 14 '2 14 .I 

Conversion will 
result in safety 
hazards and errors 4 29 8 57 2 14 

Sales will be 
lost to foreign 
imports 12 86' 2 14 

Conversion of ,, * 
products will re- , .' 
quire retesting 7 50 6 4'3 1 7 

Product standards will have to be I( 
changed 11: 79 1 7 2 7' 

As indicated in the table, the consensus is that metricatio-n 
will 

--tie costly, ' 

--require time-consuming training, 

--require dual inventories, ,' 
\ 

--increase the price of products., and I 
--require the change of product standards. 

.Several aerospace firms in the.Fortune 500 believe that 
someone other than themselves will benefit from conversion. 
The following chart shows how the aerospace firms responded to 
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our questions on whether the advantages of conversion outweigh 
the disadvantages for' their company and the Nation. Ten of 
the 14 firms felt that it would be an advantage for the.Na- 
tion, ,but only.5 of the 14 indicated,that conversion would be 
an advantage to themselves. 

Weighing of Advantages/Disadvantages 

Aerospace firms Uinited States 

Significantly: 2 Slightly: 7 

Slightly: 2 No basis to judge: 1 

f&j 
Advantages outweigh Disadvantages a. ’ Dlsadvantages outweigh Advantages 

Development of metric standards-- 
key to metric products 

Not unlike other manufacturing' industries, the aerospace-. 
industry relies heavily on engineering and product,,standards i 
for the development and manufacture of its products. The 

e 
large manufacturers rely on thousands of suppliers and sub- 
contractors for materials, parts, and components which make 
up the final product. The manufacturer controls these items 
through engineering standards. ~ 

The U.S. aerospace industry's standards, which are based 
on the customary measurement system, are essentially the 
world's standards. If metric dimensions are required,- the 
standard is usually soft converted. For example, the new 
British-French Concorde has customary parts in many critical 
areas. The Concorde, sometimes referred to as a metric air- 
craft, has fewer metric parts than the French Caravelle, which 
U.S. airlines operated and maintained without serious problems 
a number of years ago. The new European Airbus, A-300, has a 
number of components built to U.S. engineering standards, 
according to an official of a U.S. airline which is consid- 
ering buying this aircraft. We were also told that the Air- 
bus, like the Concorde, is less metric than the Caravelle. 
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The. airline will not,have'to purchase metric tools'or provide 
metric training for its employees to oper'ate or maintai'n'.the 
Airbus, we were informed. 

3 Met-icat-ng the ihdustr,y:"s &;tandaidg :. .I 'I " ::> 'I '.: 
,.: L. ., ,. ', , . . 

" .' Standards' rewriting' in metric.measures .is one of the‘ 
first and most important tasks'facing'the,'industry in' its 
transition to. metr-ic:,measures, accor~d'ing .to the' .I-:-975 industry 
metrication report. The industry has several thousand'stand- 
ards which cover every conceivable situation leading to the 
production and.delivery of '&ts ,pr.oducts.and supplies. ," , : ,_. ,' ', -: " ', .' .' :y ( 1 
,., Whether a standard will 'be'translated- into,,metric units 
(soft'co,nverted.) 'or a'new met-ric standard will be' developed 
depends o,n decis-ions made within the industry. Some groups, 
it is,reported,. believe that soft conversion is a waste of 
time and. money;because- it serves no useful purpose. One major 
manufacturer disagrees by stating that soft conversion famil-' 
i'ari'zes engineers with'.the metric system. 

'. .', 'I 
.The expected bene'fits from conversion of. standar,ds are 

the reducing of the..number of standards used:and improving the 
technolog-y embodied in the standards, accord.ing to the majority 
of manufacturers contacted. However, it is also recognized 
that these benefits are coincidental to metric conversion. 
That is, either purported benefit could be attained without 
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conversion, but conversion provides an additional opportunity 
to accomplish these goals. 

The number of industry standards which would have to be 
converted has been estimated at about 4,000. ,Thisestimate 
was made through a cooperative effort of the Aerospace Indus- 
tries Association, the Society of Automot.ive Engineers, and 
the Department of Defense. 

An initial group of 263 basic engineering standards, 
which have an impact on an additonal 1,500 parts stand,ards,. 
have been slated for conversion. Each of the above organi- 
zations ,has been -ass,igned responsibility to convert some of 

~ 

these standards. A-timetable has been established, and'the 
conversion is to be cpmpleted by 1981. In additi,on; ANMCls 
Aerospace Sector Committee has established a log on the con- 
version status of;,the industry's.standards. 

1 
Standards conversion will be a costly un&rtaking. 

I 
just 

how costly has not been determined. ANM,C' s,. Aerospace Sec,tor ! 
i 

Committee came up with an estimate of,$29 mlllionto'convert 
most of the aerospace.standards. This estimate.was'based on 
the conversion of 4,000 standards by 20 cooperating firms, 
requiring 1.16 million staff-hours at,$25 an hour. 

A long-term, dual inventory will exist 

The life span of aircraft varies widely. Generally; man- 
#ufacturers assume that an aircraft will be in use for more 
than 30 years. An exception to this would be military fighter 
aircraft which have an expected useful life- of about 12 years. 
Inventories of parts and.components for existing customary 
aircraft would have to be maintained for the life of, these, 
aircraft. . . 

Because design costs for aircraft are very high, manu- 
facturers tend to improve the basic model rather than design 
a,new one every few years. U.S. manufacturers of ,the jumbo 
j,ets expect that descendants will be around for many years, 
at least zbeyond the year 2000. We were told, for instance, 
that the fuselage for the 757-- an aircraft,:yet to be pro- 
duced-- will be essentially the same as the one for a .727.., 

So even if U.S. manufacturers were to metricate now, eco- 
nomic reality dictates that spare parts and components design- 
ed to customary specifications would have to be,maintained for 
many years. The resulting dual inventory would be one of,the 
maj,or problems facing the industry and its customers. 
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Manufacturers wary of conversion costs 
;, '.': . . ., I.' '_.' 

In discuss,ions w,ith manufacturers,,;a.wid'e range'of opin- 
ions on metrication costs were given;-- One official said'that 
there were costs, but they:.were di.fficul't',to define; Another 
disputed.'this by saying that the costs of metricationcan and 
should be computed. Another declared thatit was useless to 
track the costs because the tracking process itself costs 
mone'y and is not,cost effective. A.ccording to the':1975 indus- 
try metrication report, comments on costs,are'usually avoided 
bet-ause e.stimates serve little useful purpose in the industry. 

:The‘manufacturersj g'enerally'feel /that convers:ion will be 
costly,. but h.ave conduc,ted no cost studies to support this 
view. They e,xpect to.incur costs in :‘ : .( 

', .: ,, ,; 
i-converting engineering standards, " 

2.. /-, 
: :'. : % 

_!;' 
--maintaining dual inventories, 

. . 
r-training,: 

--converting computer data files, 
/ 

. 
--converting capital.equipment, 

. : ~..^ i 
--purchasing metric.tools and equipment, and 

/ 
--recertifying products. 

The manufacturers generally expect that the costs will 
be managed to.minimize the .impact of conversion., While no 
overall cost e'stimates were available, two"manufacturers told 
us that the cost of a metric product should not be more than 
3 to 5 percent above the cost of a customary product. 

We were provided some rough estimates on the cost of con- 
verting certain items. As discussed earlier, the industry may 
spend about $29 million to convert some 4,000 engineering stand- 
ards. One small manufacturer estimated that it may spend 
$200,000 over a 4-year period to convert capital equipment and 
invest 6,000 staff-hours to convert the first aircraft oper- 
ating manual and 20,000 staff-hours for another five manuals. 

Certification of aircraft and parts is required by FAA. 
Metrication may create a need for a recertification program. 
We were told by one manufacturer that certification of a se- 
ries of,parts may cost $100,000. It may be difficult to de- 
termine whether these costs are metrication costs-or normal 
cosfs, however. 
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The cost of conversion could., lead t:o ,dn,cre,a,gedd.,pri-~es of 
products. However, the 14'aerospace companies restionding to 
our Fortune 500' questionnaire were'sp1i.t on the impact of con- 

;version on product,prices. Sevenbelieve:that metrication 
w'ill‘.increase.product prices in the #long 'run, six indicated 
that conve,rsion will have,little or no effect on prices, and 
one said, prices would decrease somewhat. , 

i '., 
Role of;.the Federal Government ,. /.(,. .'.. '.,I., ., ',' 

; ,The 14 aerospace.manufacturers respond-ing to our-Fortune 
500 questionnaire provided a mixed reaction to who should es- 
tablish the;d,ates for:'conversionand, what role;the;Federal 
Government should have during, conversion. : Although,itwas I 
generally agreed that the,Governmentshould coordinate a&iv- 
ities and counsel and advise interested parties, only,,three 
firms indicated that the.U.S. Metric Board should establish - I 
industry conversion dates if the United States converts. One 3 
firm indicated that the Congress:should set the:-dates, five % 
said industry associations, two said customers, and one said 

i 

there was no basis to judge. Two said individual'firms should 
; 

set the dates. 1 
I.. 

The 14 firms were somewhat split on whether the Federal 
Government should use its purchasing power to encourage con- 
version. While there was general agreement with this posi- 
tion (9 of 14),.there was some strong.disagreement (3 firms) 
as can be seen below. 

_( .I0 r 

; t 
Encouiage Conversion Through Federal Procurement 

9 I I 
.: 

8 
I - / 

i6- * 
L 

6 5: 

5 4- 
E . ..’ ; 
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Strongly 
Agree 

igre( 
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newhat Somewhat 

Disagree 
Strongly 
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Our discussions with aerospace manufacturers led to a 
general opinion that the Metric Board is useful and needed, 
and a principle duty should be to organize metric activities 
within the,Government. The Board should be concerned with 
major segments of society and not withconversion plans of 
individual companies. There is a need:-for national guidance, 
but first the national intent and purpose needs to be clearly 
identified. Additionally;,the Board should not set mandates 
unless it is willing to help fund the program. The impetus 
for metrication should be consumer initiated and product 
oriented. 

One official .for a major manufacturing firm states that 
the Board does not need a lot of authority but that it should 
be able to approve conversion plans'..' 
to motivate th.e "foe-t-draggers." 

It.should have the power 
In many:.cases there will be 

no economic adva'ntage to metrication, acc,;ording to this offi- 
cial; thus, the Board,could create,the motivation. The Board 
may need.money and more legislation: ', 

According to' another official,' if metric is directed from 
the top through Government mandates, a shorter transition pe- 
riod will ensue, but the process will be more expensive. If 
allowed to metricate solely through 
sition‘period would be very long. 

the-marketplace, the tran- 
A better' course would be to 

have the'marketplace ‘direct the'tra.nsition in the-beginning. 
i. And at the end it could.be centrally directed. : 

Timing of conversion ': ',-, 

The following "chart shows the 14 aerospace firms' atti- 
tudes in the Fortune 500 on the'shortest (mandatory) time frame 
and the optimum time frame'in which they couid,c,onvert.",The 
majority indicated that within 15,years, they could convert 
whether the conversion Qeriod,was the shortest orJthe optimum. 
Howevei, many of the firms indicated thatlonger transition 
periods would be necessary. One firm indkcated that if the 
conver'sion was not manda,tory, a conversion.period never would 
be-optimum. 

,  
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i 

Time Frame for Conversion 
: ..a. 

dT0RY MAND’. . . -__ 

OPTIMUM ’ 

: under 5 5to IO II-to 15< 16: to 20 21 to 25 ?6-to 50 Never ’ 

CONCLUSIONS 
, ',, 

'. , 

.'Metrication'in 'the aerospace industry is viewed:as inev- 
itable. However, manufacturers, customers, and -Government 
seem to be waiting for.someone else"to begin.othe process. 
Use of the customary system has not 'restricted-the 'industry's 
past performance, and conversion to the metric system is not 
viewed as improving the industry's sales or technology. " 

Air operations' safety.is a major concernOof-.the aviation 
community-- nationally and internationally.. Little is'known 
about the'implications of metrication in this 'area. A tran- 
sition from'customary to,metric measures would have to be'. 
carefully planned and,,implemented to avoid jeopardizing '. 
safety. 

The extent of'metric usage in air operations is difficult! 
to determine. Most countries register the measurement units 
they are using with ICAO;' however, we found several instances 
where major countries reported using meters for altitude when 
they were using feet. 

Certain customary units generally are used more than met- 
ric in air operations. This, as well as the safety concerns 
and the associated cost of converting related equipment, is 
keeping the aerospace industry from converting. _- 

The total conversion cost for aviation and the aerospace 
industry has not'been computed. If the estimates given to 
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convert portions of aviation and the aerospace industry are 
correct, total conversion costs will probably be measured 
in billions of dollars. Not only will the transition it- 
self be expensive, but manufacturers foresee a long-term 
price increase for metric products. 

No major benefits from conversion were identified which 
would offset the cost of converting aviation or the aerospace 
industry. However, no group appears to be opposing conver- 
sion. Both the aviation community and the aerospace industry 
expect the Government ‘to play an important role in planning 
and coordinating any conversion. 

r 
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‘. 'CHAPTE'R 16 ' / .,, .' / 
A DILEMMA FOR THE 

BUILDING AND CONSTRUCTION INDUSTRY 

The building and construction industry is one of the 
largest contributors to the gross national product. In 1976 
new construction was valued at '$147.5 billion, about 9 per- 
cent of the gross national product. In addition, large 
amounts are spent each year for maintenance and repair. In 
January 1978 almost 4 million persons were emp1oyed.i.n con- 
struction performed under contract. 

Metric conversion in the industry is taking place at a 
slow rate. Major portions are not involved in metr,ication.; 
and have no plans to become involved. Much of the industry.. 
considers conversion to be inevitable and beneficial .for the 
United States as a whole but is generally passive toward, it. 

The apparent reasons for the lack of activity are that 
(1) the industry presently has no compelling reasons to'con- 
vert, (2) the industry is uncertain of the national policy 
and Federal commitment,to conversion, (3) parts of the indus- 
try ar.e concerned about the .costs and not, certain of the ben- 
efits, 'and '(4) 'it is difficult for ,individual'firms,or seg- 
ments of the industry to act alone--the i,ndustry is too diver- 
sified, and no firm is large enough to lead. Metrication 
of the building and construction industry probably would not 

. occur in the near future u,nless it is mandated or the Federal 
Government plays a greater role in bringing it about. 

' We have obtained data on the statusof metrication in 
the industry ;+-the.'advantages, and disadvantages o.f:conve.rsi'on, 
and 'the implications thatchanging to the rrietric system would 
have. Information was also obtained on how. conversi'on'should 
be approached. We. held discussions with numerous industry 
representatives;. the American National Metric.Council','Fed- 
era1 and State officials, and %other knowledgeable individuals. 
Questionnaires (see app. .I) were sent to 394 industry a.ssocia- 
tions, organizations,., and labor unions (hereafter referred 
to as associations). Replies were received'from 302 associa- 
tions; 285 of them were usable. In addition, 67 of the 
respondents to our questionnaire sent to 1,000 small businesses 
in var.ious sectors of the econom,y were construction firms 
(see ch. 5). Their views have:been included where appropriate. 

:~ 
THE INDUSTRY 

As shown below, the largest single category of construc- 
tion is residential, accounting for about 40 percent of total 
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new construction. About 25.percent of new construction is 
owned by Federal, State, and local governments. 

, ,  , .  

. 

New Construction in the, Unit&d States--1976 
,. 

PubkOwnership 

Residential Public Offices Other Highways Industrial Edu- Other ,;Hospitak Military 
utilities and public and cational and 

other construction 
private, 

streets ’ lnstituti&s 
,-, 

buildings ,,.. ,j ,’ , 

1 

,The industry -consists of,not only those who are actually 
do,i,ng.the building -and constructing but a1s.o. the individuals 
and f.i,rms that provide the services and ,mater-ials. This in- 
cludes the:.architects, engineers, surveyorsd plumbers, brick 
manufacturers.,,labor, distributors, contractors, etc.. 
broad sense, 

Jn the 
it also includes realtors, .financing institu- 

tions, lumber and hardware stores, and 'building codes-and 
standards organizations. The building and construction in- 
dustry may be considered a collection of many.related -indus- 
tries rather than a single industry. 

Most ,of the,industry firms are small. The Bureau of the 
Census estimated that.in 1972,there were. about 920,000 con- 
struction contractors, builders, and subdividers and devel- 
opers of land for building. Only about 10 percent of the 
establishments had.lO‘or more employees. No single. firm sup- 
posedly has a large enough share of the market to act as an 
industry leader. 
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STATUS OF. CONVERSION ' r 
‘ .' 

Industry's,interest in metrication has increased since 
passage of the MetricConversion Act in 1975:., However, de- 
spite the 'support expressed for conversion and a general be- , 
lief by much of the industry that conversion is.,inevitablef 
the industry is moving slowly toward increased use of the 
metric system. A large,part of the industry-was not in:volved 
in metrication and has no plans to become involved. As far 
as,we could determine, no.firm.in the industry has converted: 
to the metric system in its domestic operations.or hasT,defi: 
nite plans to convert. One paint producer was marketing its 
products in metric-size containers for its foreign.and domes- 
tic markets, and some ,of ,the larger construction firms and 

-. manufacturers have.metric coordinators or committees;..,Some 
architectural and,engineering firms and construction,contrac- 
tors have used the metricsystem to some degree in their for- 
eignwork, and some manufacturers have produced products to 
.metric dimensions when requested by foreign customers. 

The industry is primarily passive.toward metric converti, 
sion. ,Its major metrication activities have been (1) kee,ping 
abreast of metric developments in the industry and other in- 
dustries that may have an impact, (2) considering thec.impli- 
ca,tions that conversion would have, and (3) in-some cases, 
working to develop a plan to be prepared when conversion be- 
comes necessar,y. 

American National Metric Council " 
,' 

The American National,Metric Council, ha's established a 
Construction'Industries Coordinating Committee as the prime 
-industry committee. The committee, for the most,part, is,made 
up of representatives from major industry associations. Other 
committees, such as the Lumber and Wood Products Sector Com- 
mittee, are involved to the extent that their members provide 
materials and services to the building and construction indus- 
try. 

The Coordinating Committee has been divided into the 
following sector committees: Design, Codes and Standards, 
Products Manufacturers, Contractors, Real Estate, ,Users, and 
Surveying and Mapping. The Coordinating Committee is,to serve 
as a forum for discussion of issues and exchange of informa- 
tion and to developtan.overall conversion plan for. implementa- 
tion by the industry. Each sector committee is to develop 
its own convers,ion plan which is expected to be widely circu- 
lated in the industry. 

At the time of our study, some o,f the subsector commit- 
tees had been in the process of forming and organizing. The 
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Construction Industries Coordinating Committee'%,wa,s workiiig'on 
a conversion plan for consideration by the industry. The Lum- 
ber and Wood Products Sector Committee.already'had"a conver- 
sion, plan for softwood lumber. 
as the 2 by 4 (inches) stud, 

Under the pl,an, lumber su.ch 

building, 
which is used extensively in 

would be,"soft-converted"" to the nearestmillimeter, 
38 by 09. The 2.by 4 Iinches is a nominal size.with the .actual 
size,being l-1/2 by,:3-l/2 inchesorV38..1 by 88.9 millimeters., 
It-is planned that nominal sizes would -be eliminated'at the 
same time that conversion,takes place..-Whether the.2.by'4 
will ‘be popularly known as the.38 by 89 is-uncertain. 

- :,/,No formal actipn had been taken on-metri'c~~sizes.of .panel 
products. It :appears,- .~however; toGbe the"indu,stry'consensus 
that the :standar'd 4- by :8-feet (1,219.2 jby.2i438.4 'millimeters) 
w'ood.,panel'would be changed.:to 1,200 by 2,4bO'millimeters, a 
.reduction of aboat3/4:.inches inwidth and l-1/2 inches in 
height. We were told by 'industry representatives that pro-', 
duction machinery can be e~asi~Py':converted~'to produce,-the siz:e 
without much expense. Some production efficiency or plant 
production would be lost because a smaller size i&being pro- 
ducedi, and there would probably be a slight increase in cost 
per square 'foot. Roomsin houses built tiith,the smaller 
panel ,may also be smaller with lower ceilings because'panel 
size usually determines room size to an extent. .Nd agreement 
has been reached on panel thickness because a ,change in thick- 
ness may require retesting to determine whether'the product' 
would still meet building code requirements. 

The Lumber and Wood Products Sector‘Committee anticipated 
no further significant.,action until.it appears that conversion 
is necessary. The committee did not believe thatconversion 
would be benefic,ial to the lumber and wood,products industr'y 
and will take no.action that would force it. I 

I About 25 percent of the lumber used in the United.States 
is imported from Canada. This ,is about 60 percent of Canada's 
lumber production. There is, however, little trade in wood. 
panel between the United States and Canada. 

The Canad,ian construction industry has established Jan- 
uary 1, 1978, as the date for the start of metrication. To 
meet both the U2S. and Canadian markets, the Canadian lumber 
industry will continue to produce'lumber in existing sizes, 
lengths, and grades but mar,ket it in metric measurements, a 
soft conversion, in Canada by Septeriiber 1, 1979; and in c.us- 
tomary terminology in the United States. Finaldecisions on 
lumber sizes will not be made until the-United States con- 
verts. The industry will produce the 1,200 by 2,400 milli- 
meterslwall panel on demand for the Canadian .market after 
January 1, 1978. / 

, 
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Associations 'i 
:< " 

Only: a few industry;associations have progressed beyond 
the,establishment: of a metric coordinator or committee &id 
approval ofi a metric policy. As shown in the following table, 
a substantial.number of asso,ciations responded to our ques- 
tionnaire that they have no plans for key metric activities.' 

.Industry Associations'.Status o,f Metrication 
-. . . 

:., In pr.ocess. No basis to 

Metrication activity " compieted ~~$lan~rfor~ 
'No plans 

for 
judge/does 

.' - not apply _ / ; ..,' 2,,+1,,--- (perdent of as&biatidns )--;-----AL 
,I i’,,. ‘. 

Metric policy, ., 
statement 18 1S 52 ;- 12 ', 

Metric coordinator or / 
committee ., 24 24 41" 11 

Member survey 8 14 61 I 17 
Associaton funds 

budgeted forcon- 
version . '. 5' ; 14 66 15 

Conversion cost analy- 
sis 

Metric training of " 
3: ‘7 71, 21 

-members 2 24 61 13' 
Standards in both 

customary and metric 6 ,.A’ 38 16 
Soft conversion of 

41: j_. 

standards . 
Hard conversion of _, :': 

4 ,2,7 ,46, 22 

standards 1' ^' 17 56 26 
Consumer information ', 2 20 57 21 
Decisions .on design 

dimensions and/or 
product sizes 4 27 42 27 

Timetable for con- 
version : 2 16 66 16 

Coordination with / 
industry 4 46 39 12 

Coordination with 
go,vernmen,t 2 33 48 17 

While many associations have,given little, if any, con- 
sideration to metric conversion and had no plans to do so, 
some associations have been involved for varying reasons.' 
The American Institute of Architects, for example, has formed 
a'metric taskforce tha,t is developing a metric practice . 
guide for building design and construction. The document 
will address aspects, such as preferred sizes for building, 
the'impact of conversion on building products, and metric 
drawing.scales and convention.' The 1980 edition of the 
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Architectural Graphic Handbook is to have a chapter on the 
metric system, and the 1985 edition may be in metric; depend- 
ing.on,s,tatus of metrication in the industry. The Institute, I 
however, has supported metrication as beneficial:for the.in--' 
dustry since 1944. Resolutions in favor of conversion were , 
passed in 1973 and 1975 while metric legislation was being 
considered. \ \ 

The National Paint and Coatings Association, which rep- I 
resents about 1,000 firms in the paint industry, has been 1 
involved in examining the impact of metrication since 1972. 
It believes that metrication offers no economic advantage to 
the paint industry and will have a substantial cost impact. 
However, the association considers metric conversion inevit-, 
able, primarily be.cause some of the industry's major custom- 
ers, such as the'automobile industry, are expected'to begin 
ordering paint in metric quantities. As a result, its metric a 
acti,vities are oriented to-ward heJping its members anticipate z 
metrication problems; coordinate-conversion, and minimize 
costs. 1 

t e 
The association has recommended that member firms give 6 

both the customary measurement and metric equivalent for con- 
tents on their paint cans until it becomes necessary to con- 
vert to metric-size cans. The following metric can sizes' 
have been recommended: 

--4 liters to replace 1 gallon. 
--1 liter to replace 1 quart. 
--500 milliliters to replace 1 pint. i! 
--250 milliliters to replace l/2 (pint. , 
--125 milliliters to replace l/4 pint. 

The metric can sizes would be about 6 percent larger-than 
the customary sizes. 

I 
Although many paint manuf,acturers are showing both the 

customary and metric equivalents for contents on their'paint 
cans, during our review we identified only one manufacturer 
that marketed paint in metric-size containers for the domestic 
market. About 2 years ago, the firm began using containers of 
1, 4, and 20 liters in size for export. A representative of 
the firm believes that customary containers are not very market- i 
able in metric countries and that conversion has given his firm 
a competitive edge in foreign, countries., The firm also decided 
to sell paint in the domestic market in metric cans. Some 
customer resistance to the metric canswas expected, but none 
developed. -~ 

The firm's exports account for 10 to 20 percent of its 
total sales compared to about 2 percent for the industry as 

- 
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a whole. This firm is able to export ,because'it produces ::' 
high.quality stains and other'specialty items“which do 'not ', 
have a great deal of competition in .the foreign-countries. -'* 
Paint generally is not considered an exportable item. 'Ship- 
ping costs make the price of the paint less competitive with 
local producers in foreign countries. The export market is 
not important to most-paint manufacturers." Some l'ar.ge 'produ- 
cers have production plants in foreign countries,that market 
paint in metric cans. I.. -' ;: 

:. (, I. ;. 
A representative'of another‘paint Iproducer' that does '. 

some exporting said that exporting in customary containers 
had not affected his firm's sales, but he anticipated that 
at'some time in the future foreign,countries,will 3&$uii'e' 
metric containers. - :. : I. I' 

' I .' ,, ., ,,. ,: 
A potential problem,exists for the. paint e-xpor-t market.: I 

The ,paint can size"s used. in mostmetric'countries would not " 
be, the,-same as those proposed by-the NationalPaint and ', 
Coatings Association. For instance, inost 'of Europe 'uses':,a 
5-liter rather than the proposed 4-iiter can. 

,. ." ," -.: ., 
None of the other paint manufacturers "we talked to had'. 

plans to convert.unless it w,as'made mandatory or market pres- 
sures forced them to. The one firm using metric-size.caris' 
in the domestic ,mar'ket:had no plans to convert'its::pr'oduction 
and. othe:r interfial o+er&t.ions i I ' ";' : : r d 

^ '. j ,^' 
Small constructi6.n firms 

,' .I 
.- .' 

In our'questionnaire to smallbusinesses we asked' the 
current status.of,three major metrication activitie's. The 
small construct-ion firms responded 'as follows. '. / ,.' ., 

I,- ,' '. Inprocess- "Does : 
Metrication or "".., 'No plans .,n(jt: 

activity Completed plans for : for awlV ' 
-, ------------(percent of fi,rms)k----------- 

Estimate ,cost 
to convert 

,‘, 

6 79, 15 

Convert or 
develop pro- 
ducts in met- 
ric sizes 

Convert or 
obtain equip- 
ment in met- 
ric sizes -  :  

5 '74,. Jo 21 

9 82$ '9 ,. 
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Thus, very few of the small construction firms appear to be 
involved in met.rication, 
to become involved. 

and.,a large percentage have.no plans 
'_ :: , 

FEDERAL ACTIVITY 
,' 

i 

The F,ederal,Government'-is,the building and construction 
industry'slargest single,customer, accounting for about 5 
percent of total new construction. It exerts .additional in- 
fluence on the industry through grants for construction of 
hospitals, highways, airports, etc., and housing and home 
mortgage ,loan guarantee programs. 

.We ,dis.cussed metrication activities and plans.with sev- 
eral of the major construction agencies: 
varied, 

Although activities 
the general consensus of the construction agencies 

was that they,must keep:%pace,with the construction industry 
but not,lead,.o.r atte.mpt,,to force the industr'y into converting. 
Several-agency officials told us that there is littl,e metri- 
cation acti,vity, in the industry. 

Army Corps of Engineers 

The Cqrps of Enginee.rs had no plansto unilaterally.. 
change to.metr-ic construction. Corps officials indicated 
that they cannot force the construction:industry to convert 
because the Corps represents but a small segment of the con- 
struction market. No construction.industry suppliers had ap- 
proached Corps officials with offers of metric -products. 
The Corps officials believed that it would be costly to con- 

\ vert the construction industry and that,;.if the Corps used 
metric measurements for a new design, such as for a building, 
costs [would increase.,- In add&ion, the officials were con- 
cerned that the industry may not be able to produce the re- 
quired metric products. The.of:ficials further said that if 
the C.orps issued a Irequest for proposal for metric construc- 
tion, no firms would offer bids. 

Corps'officials did not view soft conversion as benefi- 
cial., They indicated.that the Corps must use the same meas- 
urement system as the construction industry. 

Bureau of Reclamation 

The Bureau of Reclamation, Department of the Interior, 
had interpreted the overall department policy as one of con- 
verting to the metric system by 1980. ,Bureau officials plan 
to implement the policy with one overriding consideration--it 
willkeep pace with rather than lead the industry. A Bureau 
official said that the construction industry had slowed its 
metrication because of a delay in the establishment of the 
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U.S. Metric Boar,d. 'His opinion was that the Bureau should,' 
not use its.purchasing power to prod'the.industry into icon-+ :. 
verting but that the industry should take the initiative.::' 

Metric committees have been formed in the various Bursau 
organizational elements. 

.,.. 
Each employee had'recezved two 2- 

hour metric training sessions w,ith more extensive .training 
for some employees. 

: ,' . . 
As ,of December 1, 1977, metric specifications had!-been, 

exclu,sively used in four instances:. two {darns, anelectrical: 
substation, ,and equipment ,to be used,in a desalting.project. :' 
The specifications for the desalting equipment will be a soft 
conversion. 
and dams will 

The survey/ and design data. for, ,t:he,:subst~t'idn~.J.L. 
be in metric. 

1, . i 
The design and engineering draw- 

ings will give only metric measurements;but'e,ach dra*i'ng will 
have a table listing each dimension on the dratiing and &ts" '. 
customary equivalent. The proj:ects will actually beLa::combi'- 
nation of hard and soft.conversion. (Specifications for ,stand- 
ard items; such as a concrete block, would give the metric! 
equivalent of the standard customary-size block. Pipe may';' 
have a hard metric length, such -as I2 meters,, tiith-,the diam- 
eter the metric equivalent of one of the standard customary '. 
diameters. The bidding on the first of these contracts should 
take place sometime during the early part of 1978 ..,.? .: ,.I :I, 

Also, the Bureau had previously.Jawarded two clearing and 
fencing 'contracts for which the specifications were a combi- 
nation of customary and metric; The'fence was in metric 
lengths with..customary ,wire gauges. The'fence posts' were 
standard customary posts with.their length,in hard metric: 

.' .I 
A Bureau official told us that'the Bureau is beginning 

metrication because its programs for developing water re- 
sources span so many years from design to:completion of con- 
struction. He said the additional costs for these-proj.ects 
are insignif,icant because the Bureau is not demanding metric 
materials. The contractors may spend a little extr,a time with 
the specifications because'of thekr unfamiliarity'with the '~ 
metric system. The number of bidders on the contracts were< 
not expected to decrease because the projects are in metric. 

,,. 
Naval Facilities Engineering Command 

The Naval Facilities Engineering-Command, which is re- 
sponsible for procuring all Navy construction, is the largest 
single preparer of military and Federal construction-related 
specifications. Many of its specifications are used by,other 
Federal agencies and-'State and ,local governments. 

Lm 

,. c 
The Command had no plans for soft or hard conversion in 

its construction specifications, which are in customary units. 
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A Command, official,indicated,.that constru,ction specific:ations 
woul,d::,.be.- in metric.rin line' with. any construction, industry 
plans to convert.. : '* ,' 

Te,nneasee Valley:Authority :'. ' -. : '. 
i : ../ ,' ; 

:The..Tennessee.Valley,Authority,did,not 'have,*a formal 
metrication policy. 
tion. 

It is neither for nor against metrica- 
Authority officials said that the Authority plans to ' 

keep,.pace'with industry and otheer,,Federal agencies but will 
not.;take~.a:lead.. Design and construction is done incusto~ ~_ 
mary >unit:s;.no-plans to specify construction are-in.metric;*! 

5: :g ,; y ; .A I 
Vete:rans ~Ad,mini.stration'~].., ,I . . ..: 

,. : 
'.. .c' 1.. : : ,- 

; i,, ':'I ,'- ; '!. : : .i ,k, 
. i .,The,,;Veterans Administration h'ad ,not spec!if,ied *:metric :(" 

‘constr,,uc8ti,on :and had' no plans to do so. Its policy is to _, .:. 
specify:and.use available material-s. *.An agency-official-told 
us -.that the Veterans.Administration.would not.take.-a -lead,: 
role:in 2metrication because.it.does not have a .large 'enough , 
part o,f the total constructionmarket. .The official.said. 
that he had not seen aLpush toward conversion inhis.contacts 
with .the ,:indu.st.ry. ,* ,, 

!  . /  

National Eureau of.Standards 'I- ~ : .. ; _. 

,NBS's b*asic stated:.objective,s for ,itsCenter for.Build- 
ing Technology ar,e to develop and advance building tech,nology 
by providing technical and scientific information whichcan : ~ 
be used toiimprove ,the,usefulness, safety, and economy of:. , 
build,ings .while conserving building materials and energy: ._ i! 
The Center also aims to encourage the use of improved tech- :, r 
nology.. by the building :community. : i ?: I _, : '? 

:. : -, ., .: 
The Center I:s .'major metrication activit'ies :have bee.n:. 

'. ,. ~ 
(1) collecting data' on :-the activities of international :stan- 
dar.ds .organizations and.the experiences of. other-'countries 
.that -have been involved in -metrication Land-(2) providing 
assistance,on metrication to the industry .and other Gove,rn- 
ment agencies. rThe Cente,r is providing,technical assistance. 
and:serving as.the secretariat for three:of .the.seven Ameri- 
can National Metric Council construction sector committees-- :- 
Design, Codes and Standards ,:and Products:Manufacturers. In 
addition, the Center has prepared“sevei‘a1 reports on the impact 
of conversion and:.pr,ovides lecturers to .inter.ested -groups. 

A.lt.echnical consultant'to the Center on loan 'from.'the 
Australian Government hasprepayed--an NBS<report'entitl,ed- 
"Recommended Practice for the Use of Metric .(SI) Units in 
Building Design and Construction." The paper has been 
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approved by'the American Society .for 'Testing a-nd'Materials as 
a voluntary national standard. The consulta~nt was working on 
a draft standard which: is to describe the methodology for 
arriving at preferred metric dimensions and product sizes for 
construction. It is planned that these two standards would 
be available for use by the industry if it converts. .' 

Department of Housing and Urban Development 
, . _' 

A Department of Housing and Urban Development official 
told us that the Department does not have a metrication pol- 
icy.and is generally: inactive with regard to metrication. 
The Department.insures housing mortgages'and loans and pro- 
vid.es subsidies, but.it does,not contract for construction 
except for a few demonstration housing units& It has certain 
minimum property standards, and the housing constructed under 
Departmentprograms is built.to'-its:standards. The Veterans 
Administration and the. Farmers.Home Administration also use 
the Department's minimum property standards in their housing 
programs.. The Department believes th.at.changing these customs 
ary standards to-metric is forcing metrication on the owners 
of the housing. 

General Services Administration 
'. 

The Public Building Service of the General Services'Ad- 
ministration developed a position paper on metrication which 
states that' inconstruction it will follow the'lead of na- 
tional consensus standards organizationsi such as the Ameri- 
can National Standards Institute, and the American Society for 
Testing and Materials, in developing metric standards and 
specifications. Such organizations have 'broad representation 
of both- user and producer interests in the industry. 

', ,, 
APublic Building Service official sa'id that metric 

building standards have not'been developed,.and a single 
agency, such as the General Services Administration, cannot 
force the building and. construction,industry to convert. 
He said that conversion by the agency would not have, an efd 
feet on the industry. 

NO COMPELLING REASONS TO CONVERT 

The industry presently has no compelling or pressing 
need to convert in that (1) metrication is voluntary, (2) the . - ._- industry can still obtain customary materials without any dife I 
ficulty, (3) customers are not demanding metric products, and 
(4) the industry ,exports very little and those we contacted 

r- 
,~- 

which were involved in exporting generally did not view the 
measurement system as a.significant factor in exports. Wi'th- 
out a compelling ,reason to convert, many in the industry are 
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.reluctant' to make the change., Mac.hinery, tools, products, 
c:.odes. and standar.ds, and so forth a.r.e predominantly in the, 
customary, sy,stem., a! T,he industr:y is familiar ,with the customary 
system and. has; b'eeen successf-ul" with it,. / 

(1 ;.' ,Y _- 
International t~r'ade.: 

The anticipated p.ositive effects of metricationon in+ 1 
ternational trade was'often cited by building and construc- 
tion industry representatives as a'compelling reason .for the 
United States,., as a w.h.ole;, and- for some- selected industriles 
to convert to. t.he.;metric, sys.te,m. The primary reason for.this 
belief is that, nearly allcountries are metric,. and, U.S:@rod- 
ucts de-signed: and produced: in the.customary system will not 
be,readi,ly:accepted .in metric: couhtries.:, ': -' 

i 
s ‘ > , .  . ,  4 ”  ._ 

The impact that metric conversion would h'ave .on the: " 
building and construction .industry's:.exports .isunknown: 
However, more industr,y as'sociations ‘and-small constru.ction,, 
firms in responding.to our questionnaire: agreed than dis- 
agreed that conversion would increase or protect the indus- , 
try's present amount of exports and work overseas. In both 
cases, as shown on the following page, the largest number 
indicated that they did not know or that the statementwould: 
not apply. The majority of the associations did believe'that 
trade would be:facilitated or made easier by.metric,ation. 

: , '. 
Many industry representatives we talked! to, however, did 

not consider international trade,to be a compelling reason for 
the building and construction industry itself to convert, be- 
cause, it primarily hasa dome,stic:market.. Only a small.amouht 
of building,mater.ials is exported, and:thesre does not appear 
to be much potential for increased exports of products such :, 
as b.rick and concrete block. 
tential.. 

Tariffs may also limit the po- 
For- example, a Canadian Wood Council official told 

us that,there is.almost no:trade in wood.paneling between the 
United States and Canada because of:tariffs..- In addition,-'ywe 
were told by .several,.firms and associations whose members are 
involved in international.,trade that the measurementsystem 
is not a significant factor in international.trade of building 
products or technology. 
tation, tariffs* 

Such factors as price, quality, repu- 

factors. 
and nontariff barriers are the, significant 

If demanded by customers , product'manufacturers will 
provide products with metric dimensions and construction 
firms will build metric buildings. 

We discussedmetric conversion with five of the largest 
U.S. design and construction companies:that do substantial 
foreign work. Representatives of these firms generally be- 
1,ieved that conversion would not have a significant impact 
on the amount of their foreign work. They indicated that the J 
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Conversibn Would. Increase o~-~m~gct_-tIxppcw~~ 

lndustrysociations ---. ---__ 
Disagree 10% 

Small construction firms .---_ - .__. - _.... -... --_..-_- -...---.. 

D,isagree 17% 

I ” ”  “aSID 

to’judge 
32% 

46% . 

‘, 
,._ 

Trade Would be Facilitated --.- __._ -- ..---. -.-.-----.-.. 

Agree 51% 

Disagree 10% \ 

Does not apply 18%‘ 

NOTE: - ‘Totals in the above and following charts in this chapter may not add up to 100 percent 
because of rounding. 
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United States be,ing customary had not impeded their efforts 
to win foreign contracts. II 

U.S. constrtiction firms appear to be very compe.titive 
with those of other countries in bidding on foreign construe- 
tion contracts.' According to the Engineering News Record, 
109,of the top 400 U.S. construction companies were awarded 
contracts totaling $15.6 billion in 1976 for projects in 110 
countries. Of the top 500 design firms, 172 firms billed 
foreign clients in 133 countries for $637 million. 

Another factor to consider in examining the impact of 
metrication on exports of building products is whether the / 
metric sizes that would be produced in the United States would 
be the same as the standard in other countries. A member of 
the?ANMC Lumber and Wood Products Sector Committee told us 
thc?t he-did not believe that metr,ic conversion would make much 
difference in exports. In wood paneling, for example, a wide I 1 
variety of sizes are used in other countries. The 1,200- by 
2,400-millimeters size which the U.S. industry would probably 
adopt is fairly common in Europe, 
a 1,250- by 2,500-millimeters 

but West Germany.was using 

by 1,800-millimeters panel. 
panel and Japan was using a 900- 

The representative further said 
that the U.S. industry has done well in foreign markets with 
its customary sizes and that these sizes have not been a prob- 
lem in international markets because dimensions are not that 
critical. 

Only a small percent of the associations and small 
construction firms believed that sales would be lost to for- 
kign imports if the industry converted. Again, a large per- 
centage had no basis to judge or said that the statement would 
not apply. 

Sales,Would be Lost to Foreign Imports L-------_----.-_ 
Because of Cgwersion 

Industry associations _.-__--__-- Small construction firms 

Agree 4% Agree 10% 

& Disagree 50% 
*y iragree 36% 
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No one to take the lead 

The construction industry may be fragmented and 
diversified,: but the vari,ous industry segments,,are highly 
interdependent. As a res,ult, no,firm or segment appears.w.ill- 
ing to take the first step,and metricate because of economic 
consequences if the timing is wrong. For example, the size 
of brick, concrete block., woodj,panel., and gypsum board are 
coordinated. If a manufacturer or group of manufacturers of 
one of these-items changed to a metric size,mthe imcompati- 
bility of the product with the others would probably result 
in lost sales. The demand for the customary product would 
be met'by‘another man-ufacturer. 

An ex,ample of this already occurring is the case of a 
firm that provides home design plans and construction draw- 
ings. The firm began to dual dimension'(g.ive both customary 
and metric dimensions) its drawings a couple,of years ago be- 
cause the firm believed that conversion was imminent. j B'uild- 
ing contractors did no,t understand what,,the metric dimensions 
were, and .as a result, sales began to decline. The firm de- 
cided to r'ev,ert to showing only customary dimensions.' A rep- 
resentative of the firm said that a large'education program 
would be needed before conversion. 

'.',( 
.'Designers do not plan to design in metric or specify:,? 

metric-size materials.until the metric materials -are avail- 
able. ,Product manufacturers .do no.t plan to pr,oduce.> metric 
materials until they are specifie,d :!by the architects. .Con- 
tractors .cannot build metric. buildings without metric designs 
and 'materials.' A c'oor-dinated, industrywide effort,, inclu,ding 
Federal participatisn , ,would be, needed if;conversio.n is to:'. 
occur. As discussed later in this chapter;.some,,proponents 
of me.trication have- pr,oposed.that the Federal Government spec- 
ify construction in metric to create a market for metric 
materials and design. 

METRICATION. WOULD PRESENT- MAJOR PROBLEMS FGR 
THE BUILDING AND CONSTRUCTION INDUSTRY 

The proposed disadvantages of metric conversion generally 
pertain to the costs involved in converting production equip- 
ment, training personnel, maintaini.ng dual inventories, con- 
verting building codes, retesting of building products and 
lost time and efficiency while adapting to a new measurement 
system. (The cost of converting building codes and retesting 
of building products are discussed in a later section of this 
ch.) Concerns have also been expressed that co,nversion would be 
confusing to customers. Little -conversion cost data is avail- 
able, but nearly all firms and segments of t,he industry would 
bear some costs of converting. Some anticipate substantial 
costs. 
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Conversion would cost but 
the impact would vary 

small 
Most associations and an eyen larger percentage of the 

construction firms indicated in the ‘responses,'to our 
questionnaire that conversion,would be- costly. 

., 
Cmversion Would be Costly -__ ^______ -- .--..- --------- 

Agree 

.lndustry associations 

Disagree 16% 

Does not 

,. apply’Z% 

\ \ 4 No basis \ 

Conversion costs would vary by sector of the industry and 
firm.' For example, it is not anticipated that conversion costs 

: 

for an architectural firm whose major conversion costs Gould' 
be for such items as purchase of metric drawing scales, staff 
training, .dual inventories of stock plans, and. revision of' 
technical publications wo-uld be as high as those for a'manu- - 
facturer which, in'addition to facing problems of training' E 
and dual inventories, must make machinery~adjustments to pr'oL 
duce new metric-size produc,ts. The extent of the costs depends 
on the type of operation and the manner in which metrication 
takes place., ;.., 

Metrication would probably have the greatest initial cost 
impact on the manufacturers'bf building products,because of 
possible eguipment changes a'nd dual inventories. The case of 
the concrete block and brick industries draws an interesting 
contrast. The concrete block industry has already expressed 
concerns about conversion costs while there seems to be little 
cost involved for the brick industry. 

Concrete block industry 

In 1974 the U.S. concrete block industry consisted of 
about 1,600 plants 'producing.about $1 billion of block. 
According to the National Concrete Masonry Association, about 
80 percent of concrete block manufacturers are small, family 
owned businesses with one production plant. The industry is 
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decentralized,.with.a typical marketing area being within a 
30-mile radius of the plant in-the Eastern United States and 
up to 200 miles in some parts of the West. The're is almost 
no'exporting of concrete block. 1' .', 

The standard concrete block has a nomimal size of 8 by 
by 8 by 16 inches. The a.ctual size is 17&5/8 by 7-5L8 by 15- 
5/8 inches with the .3/8 .difference being an.a,llowance for 
mortar.. Metric-size block is expected to .be, in. multiples of 
100 millimeters, as are other ,products, such as brick and 
paneling., that block sizes are coordinated with. .The stand- 
ard metric block probably would .have.actual dimensions o,f 
190 by 190'by 390.millimeters and ,a mortar.allowance ,of 10. 
millimeters. This is only a slight change1 in.siz.e from the. 
standard customary block which in millimeters would be 193.7 
by 193..7 by 396,.9 with a .mortar allowance :o‘f about 9..5 mil- 
limeters. However, the difference is considered by.industry 
representatives to <be large enough that block: sizes would no 
longer, becoord.inated with,proposed metric sites of brick, L 
paneling,, etc., and,the di.fference is too large to eliminate 
by reducing the amount of mortar. \ '5 

_ '\ \ I 

’ STANDARD 
CUSTOMAi?Y 
BLOCK 
dikensikn in inches 
and millimeters 

7 5/8” 

“, 

a’, 

STANDARD 
METRIC 
BLOCK 
dimension in 
millimeters 
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To pr,oduce the metric-size block-', industry repr'esenta- 
tives :believe.-that new‘mold. sets, the parts that.:fit in the. 
molds, -and machinery,replacement parts would be need'ed. ., In s 
1970 the National Concrete Masonry Association estimated.that 
conversion would cost about $100,000 for each of the then 
2,000,block plants for a total- cost of, about $-200 million. 
This estimate.was based. on an "ove,rnight" or-sudden. conver' 
sion: -If. conversion ,takes plac,e dver .a mo.re extended, .period, 
the replacement costs for molds and.sets of parts Gould prob- 
ably be less but the,problem of .dual inventor,ies,,would be',. 
greater. Moreover, :s'ome'confusion an,d mistakes ma'y ,occur :be- 
cause the imetric and customary 'blocks would.. notbe -distin-:': : 
guishable with :the :naked eye but, ar'e not compatible..when, used 
in construction.; &: : : r ; - ,,. I 

._ : :- ,, . :. ,I::. ,! . . ; :, ,'l,;', i f / 1 .-. 
A Decembe.r, 1975 study of the reffects ,,of metric' conve.r- 

sion on the' Can.adi,anconcre:te block,industry,was performed 1 
by a private consultingfirm for the National Concrete-Pro- 
ducers ',Associajtion of-Canada. 

1 
Itwas estimated that con--‘ 

version would cost the c:oncrete block,industry in ,the range 
i d 

of $6.7. million to $7.7 million. 
1 The greatest portion of i 

the estimatedjcost was for new molds, sets of parts, and an 
initial supply of spare parts. The cost of producing metric 
technical liyerature was not included. 

The U.S,. National Concrete Masonry Association has re- 
viewed the above study.and considers it to be comprehensive 
and applicable also to;the'U.S. industry. Some industry 
representafives believe'that'because:,the U.S,,.population is 
about 10 trmes greater than that of-'Canada; tlie'colst for the 
U.S. concrete block industry may be 10 times larg'er,.. Thus, 

$ 
the estimated costs could be in the range of 867 mi'llion to ; 

$77 million. , ' _i :. 
a, / _ / 

One concrete block producer estimated that conversion I 

costs of $100,000 amortized over a 3-yearperiod would in- 
crease the firm's block prices by 10 percent. He expressed 
concern that the increased prices may induce customers to use I 
other materials such as wood, brick, steel, and glass. The 
Canadian concrete block industry also expressed such fears, I 

but the new metric block'will be produced on demand after 
January 1, 1978, in accordance w.ith Canada%.metrication plan/ 
Canada's experiences should prove beneficial to.-the United ; 
States. ). 

Brick industry 

The brick industry which is, in some cases, in direct 
competition with concrete block has substantially fewer. 
producers and a usual marketing range of 150 to 200 miles. -~ ,~ 
Brick also is seldom exported. 



Presently, the standard modular brick has actual manu- 
factured dimensions of 3-S/8 by 2-l/4 by 7-5/8 inches, which 
permits a mortar allowance of 3/8 inch. During production, 
most brick is'extruded,in continuous lengths and cut into 
desired sizes rather than produced in molds. Only 10 to 15 
percent of brick is'made in molds, primarily for special ef- 
fects. 

\.. Present thinking is that the standard modular metric 
brjck wou.ld be 90 by 57 by 190 millimeters. The size of the 
new brick Gould be about 4 millimeters shorter in length, and 
about 2 millimeters less in thickness or depth, actually 
within the permissable tolerances of present specifications. 
The height would remain about the same. According to an in- 
dustry representative, this slight change; however, probably 
would be made on converting, but the cost of making the' 
change would be small. 

Conve,rsion of brick .(extruded-type) would"reguire 
changing the equipment parts that shape the brick as it comes 
out and the wire that cuts it into,the desired..s'izes. An in-? 
dustry representative told us that this would cost.about 
$2,500 per machine-, and the impact would be minimal ,because 
conversion could take place when these.parts routinely wear 
out.. 1 

. 
Metric training 

Metricationwould.require that the industry's employers 
and employees understand the metric system well enough to 
perform their jobs.. The extent,of the knowledge of,the sys- 
tem would depend -on individual duties and responsibilities. . 

As shown on the following page, a large percentage otf 
association officials. and re,presentatives of the small con- 
struction firms resdondJng,to our questionnaires believed that 
employee metric, training would be time consuming, 
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Jhplovee Traininq Wouldbe Time Consumihq 
i 

lndustrv associations Small construction firms 

Does not apply 3% 

No basis to judge 2% 

'A comprehensive program designed to teach employees the 
metric system c,ould be time consuming ana expensive. A pro- 
gram to familiarize employees with'the'system on a need-to- 
know basis would probably'be less costly. Metric educational 
material put out by others, such as the U.S. Me-tric Board and 
educatio,nal organiiations, should help' in any tra-ining pro- 
gram selected. The time used for metric training would be 
time away from normal duties and probably would lessen pro- 
duction to this extent. This is also a training cost. 

Some labor groups consider the'appro'ac,h,of familiarizing 
employees with the metric system on a need-to-know ba'sis'to 
be unacceptable because it could limit the ability and flex- 
ibility of the work force and narrow and de.$ersonalize the 
worker. They call for the establishmen,t of special metric 
training programs that-,are continuing, flexible,' and d.esigned 
to assure employees continued full participation' in the work 
force with no diminishing of future opportunities. Such 
programs, however, could substantially increase conversion 
costs 'for the industry. 

. 

Dual inventories , 

In this context, dual‘inventories refer to a situation 
in which both a metric and a customary size of a product\is 
maintained in a firm's inventory. For example, the indus- 
try's production of both the 4- by 8-feet wall panel and the 
1,200- by 2,400-millimeters panel would result in dual inven- 
tories. Invetory probably would not be double because use of 
the customary product could be phased out over a period of time 
in favor of use of the metric product. Not only building pro- 
ducts, but equipment parts, molds, home plans, design drawings, 
etc., could be affected. 

/ 
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According to'our questionnaire responses, as can be seen 
by the chart below, many of,the associations and small con- 
struction firms consider dual inventories to be a significant 
disadvantage 0.f metric conversion,. 

Conversion Would Result in Dual Inventories 

.’ 
lndustrv associations Small construction firms 

Agree 
64% 

, Disagree 16% 

Does not apply 13% 

Agree 61% 

No basis to judge 21% 

not apply 

to judge 

According to industry .representatives,.costs to the ~ 
industry would result because of requirements' for additional 
storage and shelf space and handling, ,and more adjustments 
in production equipment to produce the gre,ater number of sizes 
may be necessary. Potential for errors in ordering and ship- 
ping materials would increase because the metric size of many 
building products is not easily-distinguished from the custo- 
mary size by the naked eye. / 

.Another dual inventory problem may result if replacement 
parts'are, needed for itemsthat were designed and constructed 
to customary measurements: If customary parts are not obtain- 
able and metric parts cannot be easily adapted, the use of 
these items may be discontinued before they normally would. 
This would be a'cost to the owner of an item. 

Housing is an example where the dual inventory problem 
may occur. The existing inventory of houses is about 80 mil- 
lion. About 1 percent, or 750,000, of these disappear each 
year because of,demolition, changes in their usage, fire, 
floods, conversions, etc. In 1976 alone, 1.1 million houses 
were added to the inventory. Thus, it is apparent that a sub- 
stantial number of houses built to customary dimensions ii11 
be in use for many years. According to an NBS official, 100 
years is generally used in making housing'stock projections 
as the average life of a house.. Over the years, many houses 

t 
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are repaired and remodeled and, ad.ditions,are added. In many 
cases, customary.materialss would be desired,. . 

,, .i , 
Some in the building industry do not believe that cus- 

tomary materials would be routinely produced after a short 
transition period. Homeowners would have to make do with 
metric materials or payA.*a.price premium for Special-made 
materials. Others indicate that the demand for customary 
materials would be large enough that some manufacturers could 
continue to produce customary products. 

Lumber and hardware stores may have a special problem 
with dual inventories in that-they deal with building con- 
tractors and the homeowners , primarily in replacement mate- 
rials. More shelf space tiould probably be required because 
there may be a demand for both metric and customary materials. 
Hardware st,ores already experience a shortage o,f shelf space. 
The stores may also experience some customer dissatisfaction 
if they are unable to obtain customary materials for them at 
a reasonable price. 

It appears that dual inventories would be one of the most 1 
costly problems of conversion and a major concern of the in- i! 
dustry. Many sectors of the industry would want the shortest 
feasible transition period. Some sectors may wish to extend 
the period to ,alleviate some of theic~osts of eouipmen-t adjust- 
ments and replacements. This conflict would have to be'set- 
tled to implement an effective, coordinated conversion program. 

i 
Customer confusion 

Changing product sizes, 
drawings, 

architectural and engineering 
sales catalogs, and so forth to metric could 

cause confusion for' customers until they are familiar with 
the new system. In this regard, the associations and small 
construction firms .responded to our.guestionnaires as fol-. 
lows. 

,, ,. 

i ’ 
& 

- 
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Conversion Woulb -Cause Customer,Confusion .: ! -- 
7 I ,/ 1 / : 

. ? _’ 
lndustrv associations ; .: Small construction firms 

1 Disagiee 17% I i Disagree 11% 

Agree 

1 
Does not apply 

Such confusion could mean that.a firm's employees would,,have 
to spend more time with,the customers to .help them overcome' 
their confusion, more errors may occur, and those that con- 
vert may lose business unless all competitors convert at the 
same time. 

“ 
Those segments .o,f the industry that deal directly with 

the public may be affected to a greater degree;" An official 
of t'he National,Association of Realtors, for example, told 
us that a major disadvantagsof metrication for realtors would 
be dealing with home buyers who do not have a full understand- 
ing ,of, metr kc measuremerrts,. such as t.he number<of sguare, 
me.ters' in a .room. The official thought t.ha,t.conversion should 
consistof an exten.sive pe,riod of using both customar.y and.' 
metric measurements and a.larg.e;ed.ucation progr,am. to teach 
the metric system .to the public. 

BENEFITS ARE UNCERTAIN ,.. 

The proposed'benefits of converting to the metric sys- 
tem can be divided into two categories., The first is the 
direct benefits that the industry may accrue as a result of 
the change from use of the customary system to'the metric 
system. The other category is the opportunities available 
during such a change to bring about improvements in building 
and construction practices, eliminate unneeded product sizes, 
and so forth. 

Direct benefits 
, 

i. 

I. 

Proported direct benefits of metric conversion would be 
those resulting because (1) use of the metric system would 

16-23 



reduce time and the‘number of.erroqs in calculation and es- 
timating and (2) others are using the metric system. The 
latter would primarily relate to international trade but 
also to transfer of information and technology, 

According to our guestionnaire results, the industry 
is divided on whether the metric system is easier to use and 
would result in fewer errors. 

Metric is Easier to Use at& Would 
Result in Fewer Errors 

Industrv associations Small construction firms - 

No basis to judge 26% 

55% 

/ No basis to judge 17% 

; 

The associations representing Designers,and Contractors had 
the largest percentage of those,who thought the metric sys- 
tern is easier to use'and'tiould result in fewer errors.' A 
large percentage in each.c'ategory had no basis to judge. 

t i 

Breakdown of Response by Category of Association 

Does not No basis 
Agree Disagree apply .to judge 

----------(percent of associations)------- 

Designers 58 18 3 Contractors 2:1 

Labor 
15; 40 16 2' 

Manufacturers 
zo8 

45 
Distributors _ 37 ,:: 

4 
5 z 

Codes and 
Standards 40 40 

Real Estate 
20 

28 28 44 
/ 
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For example., use of a be,tte'r system could result in archi- 
tects saving time and reducing, errors in the design. of a- . . 
building. Contractorsmay'reduce time and labor costs in ' 
laying o'ut‘a building and, in job estimating., ~ 

.I : 
The savings that may result are difficult,to determine 

and"are not easily documented; Any long-term ben.efits of 
metric conversion must also. be reduced by,the inc're,ase in . 
calculationand estimating'time and number of errors that ,' 
may r'esult while the metric system.is'being l.earned and a 
"feel for the system!' is being developed. There would also 
be some costs of familiarizing“personne1 with the-new's~s-.~ 
tern. ,,, . . ,.a, _i " .' 

Opportunities ." .‘ : ::I 

Many metric conversion advocates view metric conver- 
sion, in and..of, itself, 'a.s of little b'enef,it to the building 
and construction industry., primarily'because it i,s es-sen- 
tially a domestic industry. They‘propose that, i.f the,in-, 
dustry is'to get something out',o'f going metfic,'itmust ta'ke 
advantage'of the-opportunity ,to make certain additionaland 
concurrent changes'. : 

.'s Although many changes in.building standards'and:practices 
have taken place.as 'a resul't of new‘technology-and materials, 
many existing standards and practices have, been in use .for 
many years; Thes,e could be stud,ied'and evaluated to determine 
whether new-and different practices may be more:beneficial. 
For example, placing studs 16 inches on center is still a‘com- 
mon practic.e: Some are placed 24,inches on center.' In making 
a change)to metric, the industry and-Codes and Standards of-. 
ficials m,ay agree on placing studs 60 centimeters (about 24 
inches) on center. This new practice may save lumber and con- 
struction time. Other standards, such,as the height of kitch- 
en'cabinets and counter tops a'nd the height of doors,,,may be 
evaluated because people have been getting taller. Although 
opportunities exist to examine.the entire'spectrum of how the 
industry.does things, 'those often associated with metrication 
of the building and construction industry are the opportuni- 
ties for (1) implementing the concept of dimensional coordi- 
'nation, (2) standardizing and rationalizing the number of 
product.sizes, and (3) improving building codes. All, of these 
would relate to the'process of the industry deciding on and 
making changes in dimensions from customary to metric. ' 
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Efforts to carry out such changes.have been going,.on 
for many years Andy have beensuccessful to a.large, e%tent. 
Whether metric conversion would provide greater ,success-in- 
these endeavors is not known.,. .-To, successfully .impl.ement : 
some of these would require a large, concerted effort by the 
,indus.try,. Sufficient:resources and lead timq.before metric 
conversion- would have to be,available.to:::adequately evalua,te 
the opportunities and plan for their implementation. It 
should be pointed out that,-these,opportun.fties have been 
available and would,continue to be available under the.cusF 
tomary system of,,measurement ,,and the,re is no.assuranc-e that 
these opportunities would be taken advantage of if conver- 
sion takes place. I 

Dimensional coordination 

'e Metrication ha.s been s.ugge,sfed,as an, opportune time to 
'implement dinensional'or modular cooxdination.. D-imensional / 
coordination, is establishing a direct relationship between,. 
the dimensions 0.f a building and the,products and.materials 
used,.in its construction,so'that they.fit together with a __ _ 1 
minimum, amount:of cutting and adjusting-. The key' to the i 1 concept is that the sizes of all products and all the dimen- 
sions of the building are in certain multiples'Land submul- , b 
tiples of a b,asic module-?a unit of length, such,as 4 inches 
or,the internationally accepted 100 millime,ters,--so the prod- ' 
ucts will interface. For exampl,e, with a bu,ilding 40 feet 
in,length, 30. concrete blocks each 16 inches long with the,. 

L 

mortar could ,be- used-without cutting blocks (30 by..16 inches 
equals 48p inches or 40 feet). In addition,~;sixty 8-inch-long 
bricks and ten 47 by 8-feet wall panels could be used with- il 
out cutting. ;:A11 of these,dimensions are multiples of 4 inches. c 
This pa.ttern would be.followed forwindows, doors, tile,' ' 
bathtubs, kitchen cabinets,. etc. 

Many have suggested that metrication wo.uld.not be eco- ~ 
nomically justif'ied for the industry if dimensionalcoordin- 
ation was not adopted at the same time. The work plan of 
the ANMC Construction Industries Coordinating Committee I 
states that the Committee 

'I* * * endorses the concept that the major advan-' 
tage to metric conversion for,the Construction In-' : 
dustry is the catalytic effect,it could have in 
bringing about Dimensional/~odular Coordination 
of Design, .Products and Construction * * *." 

In addition, major associations, such as the American Insti- 
tute of Architects and the National Association of Home- 
builders, have endorsed the concept. - 

- 
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The views of the associations, as provided in the re- 
sponses to our questionnaire, on whether metric conversion 
would provide an <opportunity to implement dimensional coor- 
dination ar,e shown below,. The largest response, .over 40 
percent, was that, they had no basis to judge; '. ,' ,_, 

Coriversion Would Provide an Opportunity .To , _._---..--- -L.-L ._.. ------. ------I-....-.- .-._- _...._ - --____.- -- 
I m_plement Dimensional Coordination ..-- ____. - __-_ -- _..._ -_-- --.- -- .-..- ---...-___.-..-.----_---.. 

Breakdown of Responses by Category of Association 

Does not No basis, 
Agree Disagree apply to judge -. 

--'-------(percent of associations)-------- 
, 

Designers 39 12 15 33 
Contractors 44 7 9 41 
Labor 44 11 44 
Manufacturers 32 18 8 43 
Distributors, 42 5 - 53 
Codts and 

Standards '60 40 
Real Estate 22 11 6 61 

The key segments with regard to implementing dimensional 
coordination--Designers, Contractors, Labor, and ,Manufactur- 
ers --had a greater percentage of,associations that believed 
conversion would be an opportunity to accomplish this than 

16-27 



those that did not think so. However, in all cases, a 
substantial number did no,tknow. , 

, The ,proposed benefits of dimensional'coordination are 
the lowered costs resulting from (1) ,fewer building product 
sizes needed in stock, (2) faster drafting of design working 

j drawings, (3) simplicity and economy in.est,imating,,inven- 
tory, ordering, delivery, and site storage, (4) less cutting 
and .fitting of materials at the constr~uction site, and (5)) 
fewer pieces of material cut off and thrown away. g-j ;-. -j 

- 
Dimensional coordination was first proposed in 1936. 

Despite pushes for its implementation in the 194Os, 195Os, 
and 196Os, theAtotal concept has never caught on. The blame 
for lack of'full implementation of the concept has been di- 
rected at (1) the architects.for not designing in 'accordance ' 
with the requir,ements of the concept and spec,ifying nonmodu- 
lar products and (2) the manufacturers for notproducing the 
necessary product sizes. Furthermore, any cost savings that 
resulted when the concept was tried were not passed ‘on to 
the builder, and in some cases; modular building cost more 
because the necessary products had to be speciai orders. 

Many products are available in multiples of 4 inches. ' 
Examples of these are brick and concrete block, wall panel- 
ing, gypsum board, windows, and doors. ,tiowever, they may 
not be in multiples that would allow-,them to be interfaced 
with other products. The manufacturers of the various prod- 
ucts independently arrived at their sizes without considering 
whether they would interface with the ,other products. An 
example is the standard 6 feet 8 inches door, which is'a. Fa 
multiple, of 4 inches. The opening in masonry walls also is 
often 6 feet 8 inches in height. The problem is that a 2- r ~~ 
inch casing for. the door isneeded. Thus, 'a 2-inch strip 
has to be cut-out of the masonry blocks for the door casing. 

In addition, products, such as tile and kitchen cabi- 
nets, are in multiples of 3 inches. Often, nonmodular sizes 
are also produced. For example, there are a nonmodular I_ 
eight-inch brick, which with the mortar is greater than 8. i , 
inches, and the ',3-inch brick." r 

Architects seldom design according to the full concept 
of dimensional coordination. Their major priorities are to 

_~~~ 

meet the clients use and space requirements. For example, a 
client may want an office building with 5,000 square feet of 
space'and a certain number of offices. The architect prepares 
the design by working down from the 5,000 square feet. He' 
generally is not concerned with whether the dimensions of the 
building will be in the necessary multiples and submultiples. 
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Proponents of .tying, dimensional coord.ination with met- 
rication of? th.e bwildi'ng industry believe thatyconversion 
0ffer.s. an opportunity-.to finally,succeed in implementing the 
concept.:<<., They ,indicate :that .product -sizes, at.least. many of 
them,< will-have to change because of metrication;.therefore,. 
the industry can establish recommended dimensions for design- 
ing 'buildings and recommended sizes of products that would 
allow the products to fit. Use of a,metric module, such as 
100 mil-limeters ,rather than 4 inches, .is not viewed as improv- 
ing the- concept. C Proponents, however, believe that,, ,without 
the need.to*change:: sizes created by conversion, ‘manufacturers 
would‘ -be 'reluctant be.caus:e of the-. c.os.t; ,t'rad'ition, and, fear 
that :the marketplace would not accept,the new sizes. ,_I : 

._ i ,I. .'.. ,>.: * I. 
Whether the industry would take .any opportunity offered 

by metric conversion to implement dimensional coordination is 
.unknown. Some products probably would be coordinated, but 
it is not certain whether this would occpr to any greater de- 
gree than what exists or may occur under-the customary system. 
Implementation has been attempted several times since the con- 
cept was developed in 1936 without success; A",large number of 
associations indicated'that they had no basis to judge whether 
conversion would'provide the opportunity. 1 

The industry's acceptance of the "concept as a part of 
metrication would depend not only on how the industry views 
metrication to be an appropriate time for its implementation. 
In any event, a concerted effort woul,d be needed by the var- 
,ious :facet,s of the industry to plan for and implement the 
concept of dimensional coordination. A national program 

'would probably be needed.' 

St,andar'dization and rationalization ' 
of products - 

_Y’ 

A major proposed advantage of metrication is the oppor- 
tunity to standardize and. rationalize products. Standardi; 
zation and rationalization would probably occur to a large 
degree under a program of dimensional coordination, but it 
can.take place in the absence of such a program. 

During hard ,conversion of products, the actual sizes 
would change. In deciding what the new metric sizes should 
be,, the industry may agree on certain sizes for manufacturers 
to produce. Th,is would be standardization. Rationalization 
would be agreeing to a limited set of sizes in a rational or 
preferred series. Eventually all sizes not in the series. 
wou.ld be eliminated. This generally would result in a 
reduced number of sizes. 
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fY1 
Prod.uct standardization and rationalization may.simpli- 

to an extent, the wo.rk of the architect, contractor, and 
d-istributor... It may also reduce the cost of certain products 
because of lo,nger production runs and reduce inventor-y costs 
for the manufacturers, distr.ibutors, and contractors:, In ad- 
dition, the/chance :for ordering, ‘delivering., o'r using.the 
wrong size of a product may be.reduced. 

,, : 
The opportunity e,xists for 'many building .products to be 

standardized .and rationalized :because several size-s.,are pro- 
duced. 
naires, 

As shown in the following responses to our question- 
substantially more of the associations and small 

construction firms.ag-reeds than disagreed tha't conversion 
would provide an opportunity for standardization. 

., ; i 
,. .I 

' 
Standardization of Products .,‘. 

lndustrv associatidns 

, Disagree 15% 

Small construction fir& . 

Response by Category of.'Association 

‘-I’ 

i 

._ -  

E  

1-i 

:--’ 

Agree 
Does not No basis 

Disagree - to judge apply 

Designers 
Contractors 
Labor 
Manufacturers 
Distributors 
Codes and 

Standards 
Real Estate 

----------(percent of associations)-------- 

55 6 18 21 
48 13 17 22 
44 11 44 
41 22 19 19. 
79 21 

20 20 20 40 
61 11 17 11. 

1_ 
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The Distributors,,sector.had;the large.st Ipercentage :of as- 
sociigtions that believed conversionwould provide a-n oppor- 
tunity. for product, standardization. : . . :' ', ) (' 

': ,i .,_, 
The sizes of building products generally have'developed 

in the marketplace ,over the years to fitthe -industry's needs. 
In' addition; pr,oduct sizes are,often a means of competiti-on, 
between manufacturers. Allproduct sizes are ge.nerally not 
produced by all manufacturers. For these reasons,:manufac-. 
turers of some products, such-,as,brick; block, and:panel,, 
believed there was not much potential for standardization 
and rationa81ization. . ,. ,I( ., 

i,. ,<.:I ', ,.: , 
One .building product frequently mentioned,-as having I ; 

large potential for standardization and rationalization, is i 
windows. Reportedly, window sizes in the United ,K.in.gdom 
were reduced-from 1,600-inch sizes to 200-metric sizes. In 
Canada,.the'961-inch,sizes' are to be reduced to 267-metric 
sizes 'after conversion. ' m'.>- i ;' " 

, / 
In addit,ion to being functional,.,w,indows are' often a' 

means of architectural expression.. The result, has 'been a 
demand for windows of,many different,materials,~ sizes, 
styles, and features. .The U.S. window industry .has made' 
available a irJide range. of window sizes and styles to meet 
these demands.. Thus, the potential- for standardization and. 
rationalization o,f,windows exists not only for ,sizes but, : 
also for styles:, ', 

' / " :. 
'The proliferation offstyle has a'lso occurred ,in o.ther 

products, such .as door's and concrete blocks,. Block sizes, 
for instance, are standard and not a great number are pr!o- 
duced. However, there.are from 2,000 to.3,O.OO different ! 
block styles. 

In summary, the potential for rationalization and 
standardization exists for:lmany products, n.ot'.only in sizes 
but in styles. Realizing this potential may. be.d.ifficult 

‘because it would require that architects 'and their clients 
restrict their demands ,for different sizes and styles and 
that manufacturers not use size and style as a means of corn-‘ 
petition. If standardizationLand rationalization were 'to 
come about, there would be no assurances that the demand for 
custom or special-order products would not increase.. 

BUILDING CODES:,A METRICATION 
COST OR-BENEFIT? 

The case of building codes offers,& interesting look 
at the advantages and,disadvantages of metrication for the 

16-31 



building .and construction industry and ,the. dilemma*that met- 
rication poses. On the one hand;- metricating the, codes 
could be a large and costly process. Changes insthe codes. 
could also require costly retesting of building products. 

r: 
.On the other hand, metrication proponents believe that 

this process offers,an excellent opportunity to make substan- 
tial impr:ovements; in the codes which would not be made wit,hout 
metrication.: 'Proponents, generally view code improvements ,as 
a major -a,dvantage of metrsication. / 

HoLever , if metrication occurs, some costs are certain, 
but the benef>its a,re not assured. There are no assurances 
that ;th'e opportunity to. improve the eod.es: would be,taken or 
that the.improvements would not be achieved under .the cus- 
tomary system. ,. ., II.. 1 - ,‘ ._ '> ( 

.A building code is a series ,of standards and specifica- 

I - -- j-- 

tions designed to (1) establish minimum safeguards in the 
erection and construction of buildings, (2) protect occu- 
pants from-fire and other hazards, and (3) protect public 
health and safety. Bu'ilding codes are formulated. and- en- 

_ E-L--- 

forced through State governments';,often delegated to and ex- =. zi F= = L 
ercised by local governments. An estimated 12,.000 jurisdi,ctions _~- 
administer building codes. In the building construction fie*ld, 
four major organizations~promulgate model building codes for, 
use by State.and local,governinent building -regulatory officials. 
The State and local governments often follow one .of these model 
codes but retain the authority to reject\ or alter the provisions. 
In addition to' the model codes; there are mechanical codes; 
such as for, plumbing, elevators,. and electricity; and 
special codes,usually promulgated'by States for theaters, 
hospitals,. schools, nursing homes,, etc. 

Building codes usually include the types of construction, 
function of the.structure, quality,of materials, imposed 
loads, allowab‘le stresses, mechanical and electrical equip-' 
ment, and other requirements with,special emphasis on fire' 
safety.'- : These 'requirements are usually expressed in customary 
weights and measures, as are the correspo,nding standards. 
Metrication of the building and.construction industry would 
require that these references be changed to metric. 

Building code's as a metrication cost 

? - 

A large percentage of the associations and the small 
construction firms responding to our questionnaires believed 
that a significant disadvantage of metric conversion would 
be the need to change buildd'ing codes. 
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. : 

Building Codes Would Have to be Changed ___ __________.____..._.._ ___- _.__ -___-,--__- .---. _1 
, :I _, ,,h : 

Industgass&ii+tions 
/‘. 

‘~Stnali firms! constrtictidn _---._ ..-. --_- ..--- . ,‘, ; 
17. Disagree 6% 

., : Disagree 5% 

Agree 73% 

‘How the codes are converted to metr*ic would probably de-. 
pend on the decisions made by the building and construction 
industry and the model code groups, standards-writing organ- 
izations, and code regulatory officials. Code conversion 
would probably‘be a combination of soft and hard. In any 
event, it,would appear to be a major task. We were told by 
the director of a key code organization that:.metrication of 
building codes would be -t,remendously costly.' It would re- 
quire a large rewrite effort,and education program for code l 

and b.uilding,officials.‘ Every.' code wbuid ha,ve to, b'e re- 
viewed. The review and 'rewrite,*could not be done as 'part of 
the normal code r,evie~w p'r,,ocessP. " 1.2 ", 

Retesting 'of'building products ' _ '. 
,' : 

Hard,conversion of bu'ilding ;products,may ,chan:ge 'their' " 
properties enough that ,they.no' longer -meet the..estab-lishe,d. 
standards on which the codes are. g.ener,ally based- To,,,dete.r-.' 
mine whether the metric- product 'does meet'the standard's, the 
product may have,to be, reteste,d. The industry has mi,llions 
of dollars invested in these tests, and 'retesting' would be 
expensive. 'For example, 'we were'totd by an industry&offi- 
cial tha.t retesting of w,all-assemblies for' fire safety'alone, 
may cost about $2,000 fo'r each of the '50 different type's: 

The impact would depend on what new dimensions are se- 
lected for products. The new product sizes may be within the 
tolerances allowed in the standards or may'exceed the stand- 
ards and thus present no problem. The thickness is the key 
dimension for many products, such as wood paneling and gyp- 
sum board. Although the outer metric dimensions of these 
products have tentatively been agreed on, decisions on thick- 
ness have not been made. If the thickness is increased, the 
standards may not be a problem. However, more material would 
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mean higher costs . 
the product. 

, posss.bly without any real improvement in 

. .., I 1 
The.questionnaire responses from the associations (sim- 

ilar information was not-obtained from the small construc- 
tion firms) was indecisive. A large portion.did not know 
whether building products would need retesting. 

Buildinq Products Would Need Retestinq ’ 
.’ 

BuLlding codes .as a.metri.ca‘teon b,ene'fit 
9 

' Metrication proponents believe tha,t the process of,metL' 
ricating building'codqs isan'opportune time: to' make code 
improvements becase they would have to be reviewed provision 
by provision to identify and replace customary references 
with metric. It has been proposed that during this review 
process, code officials could'elimina-te',differences inthe 
codes and allow f!or new building technology andmaterials 

-that have 'not yet.,been.,acc,epted' in the codes. . The neeh <for. 
these improvements have,been pointed out over the years by 
the industry and various s,,tudy",gr,o,up's. ', ., '. .' 

The char.t on,th'e following page indica.tes the view's of 
the association,s on whethermetric conversion would provide 
an opportunity to improve building codes. The largest per; 
centage had no basis on which to give an opinion. 
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Conversion Would Provide an Opportunity - 
to Improve Buildiog Codes 

Disagree 25% 

Agree 32% 

,Response Breakdown by Category of Association 

Does not SJo basis t 
Agree Disaqree ,apply to judqe 

--+------(percent of associations)-------L 

Designers 
Contractors 
Labor 
Manufacturers 
Distributors 
Codes and 

31 28 13 ' '28 
34 21 2 43 
33 11 56 
25 32 10 34 
42 16 42 

Standards 60 4'0 
Real Estate 17 22 6 56 

Improving building codes has;-been a major goal of the 
industry, model code groups, and building regulatory ofEi- 
cials for many years. Substantial improvements have been 
achieved, and these efforts are expected to continue. 

The model codes are becoming harmonious.‘ The model code 
groups have jointly issued a "One and Two Family Dwelling 
Code." Other efforts to increase uniformity include formation 
of (1) the Model Codes Standardization Council to develop un-i- 
form language and standards, ('2) the National Research Board 
to test and evaluate new products seeking acceptance by the 
model code groups, and (3) the Board for Coordination of the 
Modei Codes to coordinate the work of the model code groups. 
Recently, the three major model building code organizations 
announced that they ard considering a merger. A consultant 
was to be engaged to study'the feasibility of merging. 
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The States also have been active in improving building 
codes. In 1965 only five States had adopted legislation 
providing for the promulgationof mandatory statewide build- 
ing codes applicable to~construction, with some exceptions. 
Latest available data indicatesthat 19 States have statewide 
building codes that set &t..least minimum requirements for con- 
struction, 'with some exceptions. Much of the credit for.this 
effort has been given to the National Confer'ence of States 
on Building Codes and Standards. The National Conference 
is made up of State and local building regulatory officials. 
In addition to serving as a fsrum for discussion, the .Confer- 
ence also assists in th'e development of programs leading to 
the adoption oftuniform comprehensive building codes and 
standards and to development of standard and code practices 
that will encourage the introduction and uniform recognition 
of innovation in build-ing,,materials. _ 

. . . . . . . 
~ In addition, the Natiqnal Institute ,of Building, Sciences 

was established .by Section 8.89 of'the Housing'and' Community ' 
Development Act of 1974 (Public Law 93-383) as a nongovernment 
a@ nonprofit organization., The mission of the Institute is to 
improve.building and encourage more effective u'se of building 
resources by st"imulating development of needed scientific and 
technical knowledge and ensuring that worth,while construction 
technologies are rapidly introduced to and accepted by the 
building community. At the time of our study, 'the Institute 
members had been appointed and were organizing. . . . '. 

: ,' ..,; 
Thus, much effort has be.en directed.‘toward improv.ing 

building codes. This effor,t is expected,to continue. It'is 
unknown whether metrication would give further impetus to im- 
proving and giving greater uniformity to the codes or,whether 
the process of metricating the codes would be primarily ,an 
administrative task. However, if metrication of the 'bu'ilding 
and construction industry is considered advantageous or neces- 
sary, an effort should be made to'at least maintain the pres- 
ent amount of code uniformity.by having any changes result-,: 
ing from metrication accepted uniformily by the model code 
groups and the State and ~lochl jurisdictions 'to the extent 
practical. These efforts should'be in concert with the plans 
of the industry. Any development of industry conversion plans 
and timetables should include appropriate code officials. 

INDUSTRY VIEWS ARE DIVIDED ON THE 
OVERALL QUESTION, OF METRICATION ' . 

In our questionnaires we asked about metrication support/ 
opposition, inevitability, advantages/disadvantages, and effect 
on prices. 

.~ 
The responses varied but indicated that the associ- 

ations tended to believe in metrication and tlho,ught their,me.m- 
bership did also but,to a lesser degree. There was,. however, 
a marked contrast in the views,of the 'small construction firms. - 
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Inconclusive support/opposition .:' .:. 
for conversion 

The associations supported conversion 54 to 7-percent, 
and they thought that about 45 percent of their members sup- 
ported .conversion.-while about,.16 percent opposed. Support for 
conversion changes to opposition when the results of the small 
construction firms are examined. About 51 percent oppos'ed 
conversion while only about 30 percent supported it. It is 
important to note that 39,' 37, and 19 percent of the respec-c‘ 
tive respondents were either undecided or had no basis.to,. 
judge. (The associations' members were not polled on their 
opinion, but we asked ass.ociation officials their .views on 
what the opinions of their members were.) 

Support/Op@sitibne- -_- --- ---. 
80 r Associatiotis .,;.z. / 

.’ 1”. 
;” 

h&iations’ members 

I  

Support Support 
Total 

Oppose 

Most associations in each sector of the industry sup- 
ported conversion than opposed it. The Designers and Code's and 
Standards sectors were the most supportive'; The least support 
was in the ,Labor, Distributors, and Real Estate sectors. 

'. 

I 
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Breakdown of Re.sponse by Category of Association 

, 
Designers 
Contractors 
Labor 
Manufacturers 
Distributors 
Real Estate 

No basis 
Support Oppose Undecided to judge 

------(percent of associations)-;--- 

70 9 9 12 
.54 4 19 23 
10 10 , 50 30 

' 
4"; 

9 29 8 
11 26 16, 

33 11 39 17 

Inevitability of conversion 

The following graph shows that a large part of the 
building and ccnstruction industry believed 'that conversion 

.is inevitable. Eighty percent of {the associations and about 
46 percent of the small construction firms felt this way. 
About 66 percent of the associations thought that. their mem- 
bers also considered conversion to be inevitable. 

:- ;F 

Views on Inevitabiiity 

80 

70 

60 
F 

cl Associations 

la Associations’ members 

t 
H,‘ Small construction firms 

Definitely Probably Undecided Probably Definixelv No 
Yes Yes No No Basis 

To 
Judge 

;’ 
Lz 
L 
. 

Total 
Yes 

Total 
No 

During our discussions with industry representatives, 
we were often told that conversion of the build.ing and 
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construction industry is inevitable because other industries 
are converting or will convert and the "ripple effect" will 
eventually force the industry's suppliers and the' industry 
itself to convert. Some, thought that,the.Federal Government 
would force conversion, that the Metric'Conversion Act was 
the initial step and further Federal leg.islation or action 
is anticipated. About'31 percent of the association's and 
about 42 per-‘ent of the small construction firms thought that 
conversion was mandatory. The Metric Conversion Ac,t+,,however, 
provides for voluntary conversion,. .:, j )_ 

Advantages/disadvantages ,. 
. 

In our questionnaire we asked'the aisocia,tio&:theii 
opinions'on how',the advantages and disadvantages of metric 
conversibn for "hhe United States, as a whole, and for their 
members tigtild'compare. We. a,sked similar questions,of the 
small coniztrtictibn firrris. 

. 

I, 
Advantages Versus Disadvantages for the United States 

a 
‘. 

, .’ lndustrv associations 
’ Small c&m-uction firms 

i 

No basis to judge 

Slightly 
11% 

No basis to judge 21% 

Advantages outweigh disadvantages El. Disadvantages outweigh advantages 

Abbut 61 percent of the association% thought that the 
advantages would outweigh the disadvantages. A greater.per- 
centage of the small construction firms, however, thought the 
disadvantages for the United States would be greater, but.the 
margin was sm,all, 38 as compared to 37 percent. '. 

Both the associations and the small construction firms 
considered metric conversion to be more advantageous,for the 
United States as a whole than for the building and construc- 
tion industry. / 
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Advantages Versus d’isadvantagis for thit l.ndustry 

: : industry associations ., ’ Small construction firms - __--- 
z :I 

Significantly 3% 

I Significantly 
13% 

Slightly 21%,- 
Same 

: 20” 

\ y/No basis 

No basis 

to judge 
12% 

v to;g~ 
/Jg 

,Advantages outweigh,disadvantages a Slightly 3% 
D,lsadvantages outweigh advantages 

Thus, 34 percent of the associations and about 11 percent of 
the small construction firms thought that the advantages for 
the industry would'du-tweigh the disadvantages. About 25 per- 
cent of theeasspciations and about.58 percent of the small ~ 
construction firms believed that the disadvantages would be ' 
greater. ,, ., \ 

.' 
: 

A greater percentage of the associations representing 
the Designers, Contractors, and Codes and Standards >sectors 
thought that conversion would be advantageous. 
Labor, D'istributors, 

More of the 
and.Real Estate sectors considered the 

disadvantages to be greater. 
divided. j 

The manufacturers were evenly 

.;; ' 
Advantages Disadvantages About the No basis 

greater greater same a- to judge - 
------l-----(percent of associations)--------- 

Designers 42. .., 15 
Contractors 

27 15 
52 11 L .' 1:9 

Labor 
1'9‘ 

10 40‘ 10 
Manufacturers 

40 
31 .31 

Distributors 
22 17 

18 41' 12 
Codes and 

29 

Standards, ,40 
Real Estate -' 

20 20 20 
11 39 17 33 
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The anticipated impact-of metr.ic conversion on prices of ' 
products and services should be a reflection of how conversion 
costs and benefits are viewed. The associations and small 
constructionfirms responded as follows as to ;whether metric 
conversion would increase prices. 

Conversidn Would Increase, Prices .a., 

lndustrv associations ‘(. --- Small construction firms 

5 
A Does not apply 

. 6% 

No basis to 
judge 39% No basis to judge 

23% 

‘i / 
.  

‘. ‘, 

,_ 

In addition; d 
_’ ’ i’ r  

we asked what the long-term impact of metrication 
on prices would be. About 33 percent of the associations 
and,: 37. percent of the small construction fir.ms ,anticipa.ted 
little or no change.. -About 43 percent of the small co,nstr,uc- 
ti.on fir,ms and. 2.7,,,percent of,, the assoc.iati,o,ns. expec,ted an J. 
incre.ase. Only,about 5 percent of the assqciations an.d 3 per- 
cent of :the small c,onstruction. firms thought c.on,veSrsion wo,uld 
decrease prices. It should be noted that'37 percent of the , 
associations and 17 percent-,-of the smal.1 construction firms 
indicated that they haa no basis to judge',the impact. .' 

-  
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,- ., *’ i bcrderrn Impact on,Prices: ‘: . ; * ,- 
-,i ., ,, 

.’ 
.ltx&t-v assbciations 

., 1 ‘. _ 

Small constructidn firms 

No basis to 
judge 37% Little or no 

Little or no 
Change 33% 

Some 24% .. Major 30, _ .a, 
v Maim 11% . ._, -. - - 

@‘&ice ‘Decrease q price Increase ’ ‘, ’ 

basis to judge 17% 

Some 32% 

, 

Only a small part of,the industry anticipated a decrease in 
prices. This would appear to mean that the benefits of con- 
version would not result in actual cost savings for the indus- 
try or that the cost savings would not be passed on to cus- _ 
-tomeas. ' ' Ii /' , :.i ; ,' 

.> who 'would 'gain, or 
,. ( '.; 'd 

lose 
,conversi.on? 

--small, or large f%rms--from metric 
As shown in,the,Cfol-lowing charts;'about 52:$ercent 

of the ,associ'ations- and 27 percent. of, the sma'll~~ constructioh 
firms ,had no .-ba,s'is ,to j,udge. Of-those that 'had, an opinion,' 
'the, associations were' more positive toward conversion.' .- / .: . . :- 

.' ,. 
’ . . , “,] \ - ‘> I Who Gains’or Loses from Coikebion::: .I, 

’ * Large or Small Buiiness’ --- :*_ 

Industryassociations - .-.-- - _--.. ___.- / 

Both gain 
21% 

27% 

Small lose 

large gain 
27% 

- / 
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PROPOSALS TO BRING ABOUT CONVERSION 

Several methods that involve a greater' role for the Fed- 
eral Government have been proposed by some in the industry to 
effectively reduce the industry's passiveness toward metric 
conversion. The proposals are that ,the 

--Federal Government mandate conversion'; 

--Federal construction agencies use their s.ignifi- 
cant purchasing power to "prod" the industry into 
converting, and I : 

--U.S, Metric Board, ,in conjunctio,nwith the in- 
dustry, establish a time frame for converting. ,! 

Mandatory conversion 

The building and construction industry ,probably would 
not convert to the metric system in the near future without 
a national policy to convert and greater participation by the 
Federal Government. The most effective means of bringing 
about full convers,ion of the industry would probably be manda- 
tqry conversion. This meth,od, however, is generally,opposed. 
Only 19 percent of the associations and 16 percent of the ; 
small constqr'uction firms thought that the Federal Government 
should make conversion mandatory. . 
Use of Government purchasing power “ 

Our questionnaire results showed that 54 percent of the 
associations and 32 percent of the small construction firms 
agreed that the Federal Government should,encourage metric 
c,onversion by purchasing items designed or desdribed in met- 
ric terms. About 28 percent of the associations and about . 
48 percent of the small construction firms disagreed. 
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.  

,  

/  

Use of Federal Purchasing Pow& 
to Encourage Conversion - , 

\r 
Industry-associations Small construction firms 

Strongly 16% 

. 

fgjj 
Agree 

As shown earlier, the..Federal construction agencies' 
generally did..not believe that their purchasing power should 
,be,used to, prod,,.the industrg .into converting. They believed 
that their agencies should keep pace with, but'not lead, the 
industry. Several officials indicated that their agencies 
did not have a large enough share of the c.onstruction market 
to force the industry into,'conver'ting. 

'Whether specifying.that Federal construction projects be 
performed in metric would force, th,e.industry to convert is 
open to question, but proponents o;f. this method believe that 
it would create a market for metric products and provide fi- 
nancial support to,the industry' in its 'conversion efforts. 
If a Federal construction agency‘specified, for example, a 
metric-size concrete block to be used in a building, the 
Federal Government would probably pay for the necessary new 
metric molds and equipment adjustments through a higher price 
for the block. Adding metric equivalents to specifications 
without any change in dimensions or product sizes would not 
involve these costs but probably would be less effective in 
forcing the industry to convert. 

The purchasing power. of the Government constructiqn 
agencies was used in both Australia and Canada even though 
conversion was considered to be voluntary. This was done by 
specifying that Government construction projects be designed 
and built in metric dimensions. An Australian official gave 
this method credit for a quick and effective conversion of 
the Australian industry. 

- 

- 

16-44 
.- 



.~ 

', In Canada the construction agencies of f:eder,al, 
provincial, and territorial go.vernments, which..account,for 
about 40 percent of total construction dollars;have committed 
themselves to be among the .,f,irst to desig.n and, constru:ct in 
metric terms. Thisprovides an ass.ured:market fo,r metric 
products. The objective is.to have, as many ngw'*pr-ojects..as 
possible in 'metric a!fter January l., 1978, th.e, ,sta,rt ,of, metr:i- 
c,ation. of the construc,ti-on idustry. For example,- -the Cana- 
.dian Department of Public Works plans to develop all design 
drawings and specifications in metric for all new building 
construction to be procured in 1978. The construction agen- 
ties are expected to spend between $5 billion and $6 billion 
(Canadian) on metric contracts -during"the 1978-79 fiscal year. 

.',. 
During the initial stages of the Australian conversion 

,program, designers were reluctant to specify in: metric terms 
until they knew whether metric products would b,e available 
and when. Manufacturers were unwilling to produce in metric 
sizes until ther'e.'was a realistic demand for the new product 
sizes. To overcqme this; government agencies began usi,ng met- 
ric design for construction as much and as soon as possible. 
Although metric products were not always readily available,. 
this gave the manufacturers assurances that there 'would be 
an ongoing demand for their products. By agreement, the in- 
dividual states established a specific cut-off date after 
which local governments were not permitted to accept'for ap- 
proval construction plans and specifications unless they were 
in metric terms., 

Conversion target'dates 

The third proposal is for the U.S. Metric Board, in con- 
sultation with the industry, to establish a conversion target 
date or time frame for the industry to convert. This would 
address the need for a coordinated, industrywide effort. 
This time frame, to be effe,ctive', may have to be given the 
added weight of an executive order or- legislation. 

A conversion time frame appears essential for each of 
the three proposed-methods. ,The time frame is needed for the 
indusfry to properly plan and coordinate. Architects would 
know when metric products are available, and manufacturers 
would know when to produce metric products. 

Many factors should be considered in establishing a 
time frame. For example, some maytwant a time frame as short 
as practicable because of the dual inventories problem. 
Others may believe a longer time frame is necessary. The 
guiding principle should be to maximize benefits and minimize 
costs. More'than one tar'get date may be establish'ed for the 
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industry wLth the time'frame o.f one segment differing from, 
but coordinated With, that of ,another. 

. 
About90 percent of the associations and 77 percent of 

the small construction firms said that they could convert in, 
10 years or less. Sixty-three percent of the associations and 
62 pe,rcent -of the small construction firms thought that.10 
years or less would be the optimum time frame for conversion; 
i.e., conversion could be most favorably implemented in 10 
years or less. 

i 
80 

70 

,-, .I i,’ 

0’ Associations ’ 

60 fjg Smal I Construction 

50 

I 

Firms 

E 
8 40 t a ::::::::: .:..i...... 

30 I ;@g ::::::::::; /;~.$fi;~~; ::::::::::2 ::::;:::::: 
20 

::::::;2::. $g& , :::<:::::: :::::: y:;: ::::+:.:.: ~~~~~~~~~~ 
IO 

1:::::::: ;g$$~; ;s; ‘;#j, 
~;):;;$, s$?:::: 17 

Under 5-10 11-15 16-20 21 Years Nevei 
5 Years Years Years Years or More 

Minimum Conversion Time Frame 

Optimum donversion Time Frame 

cl Associations 

Small Construction 
Firms 

Under 
5 Years Years Years Years or More 
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1, The industry was split over who,shou,ld- establish the ..: I 
target dates ,for conversion. The U.S. Metric Bpard (in con- 
sultation with the industry) was the most popularsingle 
choice for the associations (39 percent). The largest per- 
centage (36 percent) of.the sma.11 construction.firms.believed 
the.industr,y should ,establish the dates. 

1 
I, Small 

Who should,establish con.struction 
conversion d-ates Associations firms -- 

‘-T-y----r-- (p&eent) --I-,T--.T- 

.’ .‘, 
The Congress 14 / 3 16 ; “- 

U.S. Metric Board in 
consul.tation, with the ~ 
industry 

Industry (associations '- 
and/or individual firms) 

Other 
No basis to judge : 

2. 
39 .i9 

33 
4 .' 

36'. ; :-. 
2 

10 17 

CONCLUSIONS 

The building and construction industry -is movi,ng very 
slowly in metrication. A large number of,the .associations 
and smallconstruction firms that responded to our question-l 
naires indicated they were not involved,,in metrication and 
had no plans to become involved. Much of the industry is 
passive toward metrication. 

One of the major reasons for lack of metrication activity 
in the,industry is that the industry 'presently has no compeml- 
ling need to,:c,onvert beca.use 

--it is primarily domestic, and the measurement system 
was ,generally not considered a significant factor in 
expor,ts; i 

,' 
--it has.;no di,fficulty obtaining customary materials; 

--its customers are not demanding construction in metric; 
and 

--conversion is voluntary, there is no legal requirement 
to convert. ) 

Another major reason is that it is d.ifficult for individual 
firms or segments of the industry to act alone. The industry 
is large, diversified, and fragmented but also highly 

-~ 
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interdepende:nt: Many products:and serv.ices must come '.together 
inathe final,product. 
industry, leader. J : 

No, firm- is large enough to 'act asan . . , : : , ,. 
,.' I _ * : . ..I'_ -: 

/ Much,of the industry is also cbncerned: ab'out metrication 
costs and not certain of the benefits., JAlthough the:'impact' 
would vary, almost every firm and segment of,,the industry 
would bear some conversion costs. Costs are unknown but would 
be involved'in converting production equipme'nt, .training.per- 
sonnel ,kn metric;, ,keeping dual inventories,- ,me,tricat?ng build- 
ing codes, possible retesting of building products, and losing 
time and effic'iency while adapting to a new measurement sys- 
tem. Concerns have also been expressed that metrication would 
cause"customer confusion. '. ,' 

\- ,~ ,,, r, :.: :, 
Metrication benefits are uncertain;. The indus-try&- 

divide'd over whether,the metric system is ,easier to, use and 
would result in 'fewer errors, and the major Yproposed advan-- 
tages are actually opportunities. Metr,ic conversk'on advocates 
believe that if the industry is to get something out of con-, 
verting to metric, it must take advantage of what they con- 
sider the inevitable change by evaluating and making certain 
additional and concurrent changes in building and construction 
practices. 
ently do, 

Although opportunities would exist, as th'ey-~pres- 
to examine the entire spectrum of how the industry 

does things, those often.associated;with':or .tied :to metrica- 
tion are ,the opportunities' to '(,l.) implement the ,concept, of,' 
dimen-siodal coordination, (2) standardize and tation'aliie ,the 
number of product sizes,,.and (3) improvebuilding codes-. :,' 

.. , 
Efforts to carry out such changes,have been.,going on for 

many years under the customary system and have been successful 
to a large extent. Whether ,metrication would provide greater 
success in these endeavors‘is:not known. The act of convert- 
ing would not alone accomplish these 'objectives but it would 
provide a further opportunity to do so. 

To success'fully implement these change-s would require a 
large, concerted effort by the industry and sufficient 
resources and lead time to adequately evaluate the opportuni- 
ties and plan forth-e?r implementation., There are no assur- 
ances that such an effort would be made or that the same 
objectives could not be accomp.lished under‘the customary system. 

The case of building codes offers an interesting look at 
the advantages and disadvantages for the Indu-stry and the di- 
lemma that metrication poses. On the one hand, ,metricating 
the codes could be a large and costly process. Changes in 
the codes could‘also mean that some building, products may, 
have to be,retested. 
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On the other hand, proponents of metrication believe;. rl 
that the process of metricating the codes offers an excellent 
opportunity to make substantial improvements by increasing 
uniformity and accepting new, technology and products into the 
codes. However, this is only,an. opportunity. Thus, some 
costs ar,e certain, ,but the benefits are not assured. 

Although much of the industry considers metric conver- 
sion to be inevitable, it probably will not convert, at least 
in the near future, unless it is,mandat:ed or the ,Federal Gov- 
ernment establishes a clear national policy'to convert and-- 
plays a greater role in the cqnversionT,,.,Apparently,,.,this is 
due primarily to‘the industry having,,no compelling-reasons,. 
ha,ving no one to take the lead, ,and;; being uncer'tain of 
the costs and benefits. 

,. , 

I. . _.. 
Several methods have been propo,s,ed~ by metrication pro- 

.ponents to bring about conversion of the industry. The major 
proposals are: .7 4 , ', ..: 

--The Fe-deral Government should mandate conversion,, at 
least for this industry. r'. 

--The Federal agencies should use their purchasing power 
to prod the industry into converting; 

--The U;S. Metric-Board, in conjunction with the indus-, . 
try, should establish a time fr.ame for convers'ion.' _ 

All of these involve a greater role forthe Federal Govern- 
ment. ‘. 

Mandatory conversion is generally opposed by the indus- 
try. Use of Federal purchasing,power has some support in the 
industry. However, Federal construction.agencies,generally 
thought that they should keep pace with, but not lead, the 
industry. Several of the Federal officials believed that 
their agencies were not large enough‘in the building and con- 
struction market-to have an impact. In total, the Federal, 
Government has only about 5 percent of the construction market. 

If the Nation and the industry m,ake a commitment to 
convert, the establishment of a target date(s) rzJould‘be needed 
to coordinate a conversion program for such.a large and diver- 
sified but interdepe.ndent collection of industries. Such a 
conversion program should include a consideration of appro- 
priate and worthwhile opportunities. The target dates should 
allow sufficient time to identify and plan for the implementa- 
tion of these opportunities. 
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APPENDIX I APPENDIX I 

U.S. GENERAL ACCOUNTING OFFICE 

METRIC TASK FtiRCE 

SURVEY OF THE BUILDING AND CONSTRUCTION INDUSTRY 

INSTRUCTiONS :’ ,, 
. 1 ,’ 

Please answer each of the following questions as 
frankly and completely as possible. . 

We are. interested in your views whether,dr not you- 
consider yourself. to:.be as knowledgeable about ‘our. :, j 
questions as you would like to be. Answerg,on your 
members’ views need’not be based on formal surveys of 
their opinibns. 

r- 

I ’ We have made the following assupptions so that 
all respondents,‘will have a common basis for ansbering: 

: , 

\ 

-- Conversion means physical changes, not just 
substituting metric measurement units for 

_i 

I English or customary measurement units (inch, A. Association’s Purpose and Membership 

pound, quart, etc.) 
-- Conversion does not apply to items already 1. 

produced or in production. 
Which of the fo’ll’owing are primary functions 

-. of your association? (Please check all that 
-- During the conversion, metric supplies and 

1,. 

apply.) 

1 
services will be readily available. 

._-- 

There is space at the end of the questionnaire 
for any comments you may wish to make concerning these 
assumptions, the, questionnaire, or any other related 
topics. 

The questionnaire is numbered only to permit us 
to delete your name from our list when we receive your 
completed questionnaire and thus avoid sending you an 
unnecessary followup request. 

1 fl Formulate professional standards ( ‘5) / 

2 fl Formulate’technical standards I ( 7) 

3 u Provide technical data ( 8) 

4 fl Lobby for members (at local, ( 9) t-z! 
State, or Federal level) 1 

5 fl Serve as a professional forum 
; 

(10) 

.Throughout this questionnaire there are numbers 
printed w,ithin parentheses to assist our keypunchers in 
coding responses for computer analysis. Please dis- 
regard these numbers. 

6 fl Review,proposed legislation ,. (11) 
and standards 

7 n Informmembers of prdpased (12) 
legislation and standards 

RESPONDENT INFORMATION: 8 n Provide training seminars to 
membe’rs 

(13) 

NAME : 
9 fl Promote member products or (14) 

TITLE: 
services 

10 u Other (Please specify) (15-16) ; 

TELEPHONE: ( ) 
(Area code) (Number) 
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2. Approximately how many a) full*members, and 5. 
b) associate/affiliate members currently belong , 
to your association7 (Please check one for,a 
and one for b.) ; ‘5 

‘a) Full members b) Associate/affiliate 
members 

1 n Less than 100 (17) 1 LT 0 (18) 

2 Q 100 - 1,000 2 ,7 1 - 100 

3 fl 1,001 - 10,000 ,3 fl 101 - 2,000 

4 fl 10,001 - 25,000 4 u 2,001 - 5,000 

5 fl 25,001 - 50,000 5 u 5,001.- 10,000 

6 n More than 50,000 6 g More than 10,000 

3. Generally, to which of the following categories 
would you assign the majority of your full 
members? (Please check’one.) 

1 n Designers (architects’and engineers) (19) 

2 /I &tractors 

3 LT Labor 

6. 

4 u Manufacturers 

5 LT Distributors (wholesalers and ‘retailers) 

6 LT Codes and standards 

7 L7 Real ,esiate 

8 17 Other (Please specify) - 
‘I 

B. Federal/State Laws and Policies * 

4. What is your understanding of the national policy 
concerning converting to the metric system7 
(Please check one.) 

1 n No stated national policy (7.0) 

2 LT Mandatory conversion within 10 years 

3 /7 Federal coordination and planning of - 
voluntary conversion 

4 /7 A mandatory, gradual conversion (i.e., more - 
than 10 years) 

5 fl No conversion 

6 // Don’t know - 

7 LT Other (Please specify) 
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Which of the following law>or regulations 
make it difficult for your members to convert to 
the metric system? (Please check all that 
apply. 1 
1 /T Feder-1 antitrust laws dr (21.) 

2 fl Other Federal laws (22) 

3 n State and local laws (23) 

4 LT Building codes (24) 

5 fl Federal or State procurement (25) 
regulations 

6 D Other (Please specify) 

7 fl None of the above 

8 L7 No basis to judge 

(27) 

(28) 

If metric conversion occurs, which of the 
following roles, if any, should the Federal 
Government assume? (Please check all that 
apply. 1 

1 fl Plan the overall conversion (29) . 
2 I/ Coordinate activities -. (30) 

3 // Establish target dates - (31) 
- 

4 L! Counsel and,advise interested 
parties 

(32) ,I 

5 fl Legislate the.conversion (33) 
process 

6 fl Make conversion mandatory (34) 

7 /7 Enforce the conversion process (35) 

8 fl Other (Please specify) (36) 

9 E None of the above 

10 n No basis to judge 

(37) \ 

(38-39) 
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1. / Do you agree or disagree that the Federal Govern- 
ment should encourage conversion to the metric 
system by purchasing items designed or described 
in metric terms? (Please check one.) 

1, L7 Strongly agree 

2 LT Agree somewhat / 

3 LT Undecided 

4 // Disagree somewhat’ - 

5 I/ Strongly disagree \ - 

\ 

I 

C. Support or Opposition to Metric Conversion 

(40) 

8. Does your association support or oppose the 
United States’ converting to the metric system? 
(Please check one.) 

/ 
1 /7 Strongly support - 

2 LT Somewhat support 
i - 

3 fl Undecided (the association) 

4 LT Sbmewhat oppose 

5 /7 Strongly’ oppose !, - 

6 /T No basis to judge (you) - 

(41) 

APPEND.1.X 'I 
,\I.".?,., 

I) 
9. In’your vie;, do ?h.e o:ajirity of’yo‘i;r members 

support or oppose ronversion to thi metric 
system’? (Please c+cck on<.. ; 

1 fl They strongly support (42) 

2 0 They soniewhat support 

3’17 They are undecided - 

4 17 They somewhat oppose - 

5 L7 They strongiy oppose 

6 I/ I have no basis to judge thei,r - 
opinions 

,.’ 

10. Do you believe,that conversion to the metric 
system is inevitable for -the build’ing and 
construction industry? (Please check one.) 

l// Definitely yes (43) 

2’ 1-i Probably yes - 

3 // Undecided - 

4 I/ Prcbably no - ; 

5,// Definitely no 

11. In your view, do the majority of your members 
believe’that conversion to the metric system 
is inevitable for the building’and construction g--;-i 

industry? (Please check one.) 
:a +LL 

- 
1 L/ Definitely inevitable (44) 

. 1  

2 g Probably inevitable 
/ 

3 g They are undecided 
I’ 

4 fl Probably’ not inevitable 

5 /! Definitely not inevitable - 

6 /T - I have no basis to judge their 
opinions 
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._ 13. In your view, how does the metrication status 
of your members compare with that of your 

12 What Is the current statue of each of the ‘following association7 
metric conversion activities in you 
(Please check one box for each row.f 

association? 
1 /7 Membership significantly ahetd (59) 

STATUS 2 u Membership slightly ahead 

3 n t@abership about the same 

Membership slightly behind 

6 L7 No basis to judge 

‘Lsa.z.s LL.“L,bc.Ls ““SL”‘: J.yY.cx~&SS “L “L’ca’6’SC 
that each would be a significant advantage _..-_ _--.. .._ 
for YOUR MEM_- BERS. (Please check one tiox for 
each row.1 

C. ember a”&. 

(51) 

(52) 

gJ 
a. 

h 

EQUENTLY ATTBI-BUTED ADVAkTAGES 

1 I I I I I 
i rnn=*nler information I I\ I I I C.53) 

Y. ~;b’;;5;‘~i;e”p;;se;~.~~~~n~.of 
I’ I I I I tblJ 

ons on design, AL I I I I:1 I 
6 (54) ~ 

-. --_.--.. j. 
U;g;slons, or proaucc 

k Association funds b d 
’ for metric conve r siingete 

d 

activitier 

export and/or work overseas of 
; 

(55) 

1. Timetable - 
m. Coordinatio 
n. Coordinatia 

ment ~~1 IL; 
increase 

f. Use.of. the metric. system &ill ’ 

advances 
g. Conversion will rovid9 an 

opportunity for 
p building codes aniPf”t%d” rds % 

( (66) 
I .l 

2 English or customary units replaced with equivalent metr;;d;:;;s without 
or weight of the product, material, or structure 

an 
bein For examp I 

physical than es 

in customary units as 3 feet would be.expressed as &.k * 
e, the width ‘0 yan item ex ressed P 

in the sfze 

91 
in the actual width. 

millimeters under a soft conversion with no c l! ange 
r 

Y The weight or dimensions of, the product, material, or structure than ed, 
sake of simplicity. In the example. above, the item with a width of s 

in footnote 1, primarily for the’ 
feet (914.4 millimeters) might be 

manufac ured with a width of perhaps 900 millimeters (2.998 feet), a slight reduction, or 1,000,millimeters 
(3.281’ Eeet), about 34 inches wider. I 

2’ A direct relationship between the dimensions selected for the design of a building and the sires of,com- 
ponents used in its construction. 
~sb~ti’~~hf,ito”,fle~~~~~m~~~,~~ the 

Product sizes and dimensions are based on agreed-upon rules that permit 
building process. Dimensions and sires are based upon a module, such 

I 

:- 
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17. For the United States overall, would the 
advantages of conversion to’the metric system 
outweigh the disadvantages or vice versa? 

. (Please check one.) 

1 fl Advantages significantly outweigh (79) 
15. Listed below are several DISADVANTAGES frequently disadvantages 

attributed to conversion to the metric system. 
Please indicate whether you agree or disagree that 

2 fl Advantages slightly outweigh 

each would be a significant disadvantage for YODB 
disadvantages , 

nEuBElls. (Please check’ one box for each row.) 3 fl Advantages would be about the same 
,// y. as disadvantages 

“/ 1 

4 fl*“Disadvantages slightly outweigh 
advantages 

-VANTAGJ 
a. Conversion will’be costly I I I I 
b. Training employees’will be time 1 1 1 1 I 

5’// Disadvantages significantly outweigh 
advantages : ‘.I ., I + ., ,, 

6 LT No’basis” to judge /, 

consuming I I I I 
c. Conversion will result in dual I 

inventories 

increase the 
prices of your members’1 
services 

f. Conversion will result i-n safe+ 1 1 
hazards and crm,--9. 

(72) : 

(73) 

(74) 

(75) 

(76) 

(77) 

. ”  .‘., 

18. With respect to small and large firms, who 
would gain or lose from metric conversion7 
(Please ‘check one.) 

,’ 

..---__- __-- - - - - - - .  

gi SaEes will be lost to foreign 
imports 

h.‘ Conversion of building products’ 
will require retesting 

i. Building codes and ‘standards 
will have to be changed. 

16. For your members, would the advantages of con- 
version to the metric system outweigh the dis- 
advantages or vice versa? (Please check one.) 

1 g Small’ firms would gain and large (6) 
firms would lose .: 

2 fl Both small and large firms would 
gain 

3 ‘a Both small and large firms would 
lose 

.“. 
1 fl Advantages significantly outweigh dis- (78) 

4 0 Small firms would lose and large 

advantages 
firms would gain 

2 /7 Advantages slightly outweigh disadvantages 5 LT No basis to judge 

3 LT Advantages would be about the same as 19. In the long run, how wou,ld metric conversion 

disadvantages influence the prices of your members’ end 

4 LT Disadvantages siightly,outweigh advantages 
products and/or services? (Please check one.) 

1 D Major decrease (7) 
5 L7 Disadvantages significantly outweigh 2 LT Some decrease ., 

advantages 

6 LT No basis to judge 
3 0 Little or no change 

4 LT Some increase ., 

5 LT Hajor increase 

6 LT No basis to judge 
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F. Schedules - Time Framer for Metric Conversion 

20. If the United States converts to the metric system, 
approximately what would be the shortest time frame 
for the maJority of your members to convert? 
(Please check one.) 

1 fl Leas than 5 years (8) 

2 L7 5 - 10 yea?9 

3 /7 11 - 15 years 

4 /7 16 - 20 years 

5 /7 21 - 25 years 

6 L7 26 - 50 years 

7 LT More than 50 years 

a L7 Never 

,COnnENTS : 

/ 
21. If conversion is not made mandatory, what &ould 

be the optimum amount of time your members would 
need to convert? (Please check one.) 

/ 1 LT Less than 5 years (9) 

2 L7 5 - 10 years 

3 D 11 - 15 years 

4_7 16 - 20 years 

5 r7 21 - 25 years 

6 L7 26 - 50 years 

7 /‘7 More than 50 - years 

8 ,ff Never 

COMMENTS : 

APPENDIX I 

22. If the United States converta to the metric 
system, who should establirh the,date(r) by 
which your industry would convert7 (Pleare 
check one.) 

1 fl Congress 

2 L7 U.S. Metric Board (in con- 
sultation with industry) 

3 fl Building and construction 
indur try 

(10) 

4 fl Industry arrociations / 

5 n Individual firms 

6 fl Other (Please specify) 

, 

7 /‘7 No basis to Judge 

23. If you have additional comments on any of the 
items within the questionnaire or related topics 
not covered, please feel free to express your 
views in the space below or attach additional 
data. Thank you very much for your cooperation 
in Completing this questionnaire. 
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CHAPTER 17 ,c. ., 
i' HOME APPLIANCE INDUSTRY VIEWS ,:;, , / 

METRICATION AS PREDETERMINED 

The prevailing view of the home appliance industry is 
thatthe United States ,will eventually adopt the .metric sys- 
tem and thus the industry will have to convert. It believed 
there is little economic benefit and,no necessity for con- 
version. But, because 'metrication is: seen .as ine.vitable, 
several major manufacturers are beginning to prepar.e for it. ',. 

Proponents of metrication cite standardization as a 
major benefit of conversion. However, complete worldwide ' 
standardization in the home appliance industry cannot be 
achieved because electrical' supply -systems throughout ,the ' 
world are not the same. 

, 
In reviewing metrication in the home appliance industry, 

we interviewed metric officials of three of the largest ap-, 
pliance manufacturers and the Association of Home Appliance 
Manufacturers. We also sent a questionnaire to the Fortune 
500 industrial firms (see ch. 5), and responses included seven 
companies in the appliance industry. We reviewed available 
pertinent documents, 
metric policy. 

such as annual reports and statements of 
We talked to Canadian officials involved with 

their ongoing conversion regarding the appliance industry. 

THE INDUSTRY 

The home appliance industry consists of companies which 
manufacture or market major and portable appliances for the 
home. Major appliances include refrigerators, ranges, wash- 
ers, and dryers. Portable appliances include toasters, 
mixers, irons, lamps, and vacuums. 

> 
Two characteristics of/home appliances are especially 

important from a metrication perspective. 
appliances have relatively long lives. 

First, major 
Useful lives of 10 

years and more are not uncommon. This factor will affect 
the time frame needed if complete conversion is made from 
one measurement system to another. 

Second, 
tric power. 

most home appliances require a supply of elec- 
/Depending on the area of the United States, 

electricity is supplied to homes at 110 to 120 volts and at 
a frequency of 60 cycles. Most of the world operates at 
220 or 240 volts and 50 cycles. The unit measure of elec- 
tricity supplied (i.e. volt) is.the same in metric and non- 
metric countries, but no standard level of voltage has been 
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adopted worldwide. Because, electrical systems differ, 
manufacturers have worked with these multiple systems in order 
to trade in world markets. This ability to cope with more 
than a single electrical system presents an inter.esting par- 
allel to industry's ability to function using two measurement 
systems. 

CONVERSION WILL HAPPEN SLOWLY 

Notwithstanding the general belief th.at metrication 
is inevitable, conversion by the industry would be slow and 
deliberate. If conversion were mandatory, four large manu- 
facturers of appliances informed us that they would need 5 to 
10 years to convert. Three informed us they would need more 
time --anywhere from ll-to 20 years. Even.if conversion were 
not made mandatory, the time f'rames would n.ot change much. 
One firm; however, informed us that it would never convert 
unless conversion was a mandatory requirement. 

I e 

Officials offered a number of reasons why conversion has 
been slow to date. A primary reason was that the appliance 
industry is primarily concerned with meeting the demands of 
its customers, and they are not demanding metric appliances. 

Another reason. was that, unlike the automotive and other 
industries where the industry leader is actively promoting 
metrication, the leading home appliance firm is taking a 
passive approach to metrics. This firm believes metrication 
is inevitable but ,has no incentive to convert because its 
major customer, the new home construction industry, is not 
converting (see ch.. 16). Therefore, because this company 
is a major supplier of electric appliance motors and other 
components to its competitors, the other home appliance 
firms which do convert will find it difficult, if not im- " 
possible, to get pa'rts -built to metric specifications. 

A third reason, accor,ding to one company official, is 
.the low priority companies assign to metrication. This of- ' 
ficial said the industry has embarked on a massive program 
to make appliances more energy efficient. Major engineering, 
tooling, and designing efforts throughout the entire industry 
are being devoted to energy-saving programs, and metrication 
along with other programs has been given low.er priorities. 

Conversion status of major,companies 

Although slow, conversion is proceeding. Three of the 
/ 
i- 

seven appliance manufacturers which responded to our ques- 
tionnaire said that they plan for or have in process a for- 
ma1 statement of metric policy and an organization for 

!-- 
I ; 

-k 
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implementing that pal-,icy. Four manufacturers said that they 
either hav,e or are working on plans ,for 

--ananalysisof the costs of conversion, 
'., :. 

L-surveys of the capability of suppliers to make compo- 
nents to metric specifications, i 

--an approach and methodology for training employees in 
the. metric system, and 

,,-. " 
'--coordination with others in the industry. 

.,, L : 
These responses; substantiated one offic,ial's statement 

that a great.deal of time is still needed for.: such things 
as establishing metric.standards for the industry, developing 
test procedures, retraining employees, and. replacing existing 
equipment with equipment having 'metric capability. 

We-interviewed two large major appliance manufacturers 
which purportedly.had metrication programs. One company is 
a division of a large automobile car-poration which has di- 
r'ected-'all.its divisions to convert to metrics. Offictals 
with this appliance division said their conversion to metrics 
may not be cost justified , but the headquarters directive 
has inf$uenced this firm to begin converting. This firm .I 
estimated that.onTy about 5.percent of its business is-met- 
ric fat this time. The,other appliance manufacturer's biggest 
customer is a major retailerwhich.has'been working with its 
suppliers to gradually metricate. 

Metric officers at one company said that their metric 
policy was to soft convert existing product blueprints and 
specifications and to introduce hard metric change through 
designs of new,parts requiring new tooling. Officials at 
the other company told us that since January 1, 1977, their 
engineering designs.and drawings show'both customary,and 
metric units. Neither of these two manufacturers has im- 
med-iate- plans for showing both measurement units onappli- 
ante labels, packages, or user documentation. 

Although they have,begun to convert, these two manufac- 
turers will have the problem o.f interfacing metric and cus- 
tomary components within the same product. The necessity of 
having to work wii!h a hybrid product is in part caused by the 
unavailabil,ity of certain components like appliance motors 
and compressors built to hard metric specifications. As a. 
result, one'of the above appliance companies is producing ,' 
portions o'f a new refrigerator line in hard metric but must 
interface that portion with customary operating parts. 
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Association of Home Appliance Manufacturers 
* _ ,' : '.. \ 

This industry trade association is taking a number of 
steps .to meet anticipated 'future,demand for metric*products. 
Included:.are (1) revision:of performance standards fortest- 
ing, (2) development of a ,MetriciPractice Guide~to meet,.the \ 
needs of the' industry and the consum'er, and (3) ,identification 
of other industrys' metrication progress, problems, and'sol- Ii " 
utions. Accord-ing to an Association official, existing -.per- I; 

formance standards ,for appliances have already be,en soft'con- 
El kj 

verted.' The Association. had a committee working on“'the'.next 1: 
step which is to generate engineering standards for hard met- r 
ric-design. The Association-has also proposed SI metric units 
applicable to the productsof its members.,.. These recommended 
units address measurement-sensitive>chara,cteristics o'f'ap- 
pliances, such as how to, express linear .d-imension,:,volume, 
temperature, shelf area, and ice capacity. .:, L 

One industry representative has said that the trade as- 
sociation will use consumer input in setting standards and 
making decisions on terminology,. Dual'measurements will 

.likely be utilized until most adults have been retrained in 
the metric system. A consumer's understanding of appliance 
use and care is vital to correct usage. The official said 
she would like for consumers to "think metric, don't convert,“ 
but the industry must be realistic about actual consumer 
practices. 

METRICATION IMPACT 

One industry representative told the American Home 
Economic Association: 

"Conversion to the metric system during the next 
decade will be one of the most complex processes 

1 and comprehensive planning tasks ever undertaken 
by the appliance industr,y. Metric changeover in- 
volves engineering, drawings, sourcing of com- 
ponents, fitting of parts, inspection, packaging, 
labeling,' test procedure development, inventory 
records, service parts, meeting industry and gov- 
ernment standards, employee training and consumer 
education." 

The Association of Home Appliance Manufacturers, a trade 
association for the industry, said the appliance industry 
should encourage and promote the use of the metric system 
because j 

--all developed nations have converted or are in the 
process of converting and 
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--the Metric Conversion Act of 1975 indicates that the 
United States will eventually'adopt metrics. 

.: 
This rationa~le supports the general notion in the appliance 

'industry,that metrication is inevitable. 
our questionnaire, 

In responding to' 
five of the seven home appliance manu- 

facturers shared tha,t view. 
inevitability; 

Only one .firm questioned the 
the other company did.not respond to our 

question on this subject. Officials .of home appliance man-: 
ufacturers generally supported .metrication even though ,they 
did not believe it is necessary or, cost beneficial for their 
industry. 

, 1 
That is not'to say there-would. be no benefits The seven 

appliance manufacturers responded to our questionniire in the 
following manner when asked about.the,advantages frequently : 
attributed to metrication. . 

' i ' 

Cd 
Ed 
i :  
_- 

E E; 
r, hi - 



\ ,Frequently Attributed.Advantages 

0 Does not No basis 
Advantage Agree Disaqree, L apply to judge 

Conversion will provide 
an opportunity to stand- 
ardize products 

Trade will be facilitat- 
ed through a common 
measurement language 

The metric system is 
easier to use and would 
result in fewer errors 

Conversion will provide 
an opportunity for im- 
proving product stand- 
ards 

Conversion will increase 
or protect the present 
amount of exports and 
work overseas 

Use of the metric system 
will increase production 
efficiencies 

Use of the metric system 
will facilitate techno- 
logical advances 

Conversion will stimulate 
your industry 

, 

4 

5 

6 

The responses showed. general agreement that the metric 
system is easier to use and would result in fewer errors and 

2 7 

1:. -.. - 

2 ;-, 1 

3, 1 .- 

‘_ 

4 2 -\ 

4 _ 1 .l 

that conversion would facilitate trade , provide an opportunity 
to standardize products, and increase or protect the presents 
amount of exports and work overseas. Howeve'r, most disagreed 
that conversion would provide an opportunity for improving 
product standards, facilitate technological advances, and 
stimulate the appliance industry. 

The seven appliance manufacturers responded to our ques- 
tionnaire in the following manner concerning-the disadvan- 
tages frequently attributed to ,metrication. 
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Frequently Attributed Disadvan'tages 

Disadvantag,es 1 Agree 

Conversion will result 
in dual inventories 

Conversion will be _ 
costly I 

Training employees will 
be time consuming 

Product standards will 
have to be changed 

Customers will be con- 
-fused by the metric 
system 

Conversion of products 
will require retesting 

Conversion will increase 
the prices of your com- 
pany's products 2 

Sales will be lost to 
foreign imports 2 

Conversion will result 
in safety hazards and 
errors : 1' 

7 

6 

6 

6 

'5 

4 

Does not No basis 
Disagree apply to judge 

1 : /', - - \ 

2 -, 

2. -’ ; _,, 

~ 

4 1. 

5 

/ 

5 ,, -,. \1 

Most respondents agreed that conver.sion would result in 
dual inventories and be costly, 
time consuming, 

training employees'would be 
product standards would have to be changed, 

customers would be confused, 
testing. 

and products would require re- 
.Most respondents disagreed that sales would be lost 

to foreign imports and that conversion would result in safety 
hazards and errors and would increase the prices of their, 
product,s. 

In Canada, where metrication ha,s progressed further than 
in the United States, a current industry concern ,is with the 
conversion of existing temperature-sensitive appliances, (es- 
pecially those in the kitchen. The dials and knobs on these 
appliances now show temperature settings in Fahrenheit de- 
grees. When temperature controls and dials are converted to 
'Celsius , consumers may misinterpret the temperature readings 

, 
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on the dials. A seemingly~ low temperature reading of 1150 : 
degrees Celsius equals about 300,degr.ees Pah,renheit. ;Th.e ' 
table below shows seven commonly used Fahrenheit temperatures 
converted to Celsius. 1 _ ,,'(, 

( : . . . 
300.F - 150 C 

,: 
,, ',( 

32.5 ,F - 1'60 C 
350 F - 180 C /. 
37,5 F - 190 c 3. / 400 F - 200 C 
425 F -.220 c / ,I ,l 
450 F - 230 C : 

If injury were to result, Canadian .law <does not! ,pr>event con- 
sumers' injur,ed through misuse of metr-ic 'labels from suing- the 
appliance manufacturer. 'Dials with dual.calibrations might i 
minimize customer mistakes, but ,this could .prolong consumer,.-:, 
resistance to <metrics 'because the consunier,:.would cbntinue :to 
use‘the familiar customary units. /I s., ‘: ;, '.>" 

, .-: ? 
According to an official,with .a' leading appliance ma& 

ufacturer in Canada; his company's c-urrent mark.eting plans 
specify that temperature values be shown on control panels 
and dials of ranges in Eahrenhe,it and- Celsius-.' This of'ficial 
said his company will introduce .metric-,only values when cer- 
tain criteria are,met. .One of these criteria -was the adequate 
consideration by r.egulatory ag.encies., standards-writing organ- 
izations, and consumer groups of the safety. implicationsand 
the possible legal conseq.uences'. .\ i : 

., 
In the United,States,..however,, the, view 03 those we' 

interviewed was that safety should not be a major problem. ,,. 
Appliance manufacturers told us that any metric,appliances. 
produced in this country would have to.satisfy the same '. 
safety standards which- organizations, ,such. as Underwriters 
Laboratories, used to test customary appliances before en- ( 
tering the marketplace., Furthermbre, they said that, except 
for temperature dials on a limited number of appliances, 
consumers generally will not even be aware appliances have 
been made to metric dimensions. According to an official< 
of a large retailer, the only time an appliance. user might ,'I 
become aware of the metric measurements would be in replacing 
parts. But even then consumer,s may.>not know because repair 
parts gene,rally are ordered by code number and not'by ~rnea& 
surements. 

Another concern of the U.S. appliance industry, based.on 
questionnaire responses and interviews, is the role of the I 
Government. Most home appliance manufacturers did not want 
the Government to mandate metric conversion. They preferred 
that metrication remain voluntary, believing this would allow 
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them ,to convert.at a rate most advantageous to themselves and 
the industry., Most companies .believed that target date,s would 
need ,to be established to assure that conversion within the 
industry is coordinated. But these officials -preferred that 
this be left to the industry trade association rather than the 
U.S. Metric Board. They believed the Metric Board should 
limit its involvement to educating the -American public, coor- 
dinating and monitoring the country's metric efforts, and 
recommending legislation needed to facilitate conversion. 

LACK OF UNIFORMITY IN INTERNATIONAL 
POWER SUPPLY 

'. The United. States has an electrical power system which 
.generates electric current for domestic use at from 110, to 
120'.volts and 60 cycles. Europe has 220 volts/50 cycles; 
Eng'land, 24q volts/50,cycles; and Japan, 120 volts/50 cycles 
an'd lo0 volts/60. cycles. 
not uniform, 

Be,cause electrical sys,tems are 
appliance companies marketing electric appli- 

ances here and abroad must adapt themselves to working with 
different levels of electric, current--much like working in 
two or more different'measurement systems. i 

Officials told us that they have been able to exist in 
such an environment without much dif,ficulty, although it 
means.sometimes having to sacrifice. standardizationto'a de- 
gree and desig-ning different appliances which will perform 
adequately for a customer in .whatever electrical system is in 
use. For example,. an official of a large corporation which 
sells electric appliances worldwide told us that 95 percent 
of that company's-products were affected by the differences 
in electric systems. -Another official with the same firm 
said that certain appl,iances, like electric clocks, were sen- 
sitive t,o the frequency of electric impulses, and his company 
o.ften builds-a frequency switch into these appliances--espe- 
cially portable appliances. This switch enables a buyer to 
use the appliance from country to country. 

.According to one of the officials, if this switching 
capability does not exist, different things could occur when 
using the appliance in different countries. He said, for 
example, that running an appliance on an electrical system ' 
capable of producing a frequency of 60 cycles when the appli- 
ance was designed. for 50 cycles can be done, but the perfor- 
mance level of the appliance would suffer. However, going 
from 60 to 50 cycles without using a frequency switch could 
either burn.out the appliance motor or substantially shorten 
its life. . 

On the other hand, there are appliances with heating 
elements (like a frying pan or toaster) which are voltage 
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sensitive. These appliances also often have a swit,ch to 
accommodate voltage at various levels. The official said his 
company must design separate motors, however, for appliances 
to be marketed where higher voltage is used. A transformer 
can be used to adjust voltage, but cost makes this an imprac- 
tical alternative in most cases to designing a separate motor. 

In all probability'neither the United States, Europe, 
nor Japan will convert its electrical system to conform 
to a worldwide standard system. \ 
CONCLUSIONS 

The prevalent view in the American home appliance in- 
dustry is that metric conversion is inevitable. Little con- 
vers'ion activity has occurred, however, because there has 
been little customer demand for hard metric appliances, and 
appliance manufacturers see no substantial benefits occur- 
ring. I 

It is too early to tell what real impact conversion 
would have on the home appliance industry. Nevertheless, 
company officials have advised us that conversion would be 
costly, and there would be need to maintain two inventories, 
train employees, change product standards, and retest prod- 
ucts. Although manufacturers.are concerned about customer 
confusion occurring, they generally do not believe that met- 
rication of home appliances would result in safety hazards 
and possible litigation from appliance users. However, this 
concern has surfaced in Canada. 

The lack of uniformity in power supply systems shows 
that the appliance industry is capable of meeting differing 
demands. It also demonstrates that the world can exist on 
more than one system, be it electrical supply or measurement, 
particularly if conversion would be costly. 
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CHAPTER 18 
.:. I, :: j, 

THE COMPUTER INDUSTRY REMAINS DIVIDED 

Whether or not to convert to the metric system has 
divided the computer industry since the late 1960s. ,Those 
companies favoring metrication-- mostly the large multination- 
al companies-- have begun co'nverting.:some operations to the 
metric system. These companies generally believe they would 
benefit b$y adopting on'e measurement system in,their worldwide 
engineering, production, .and marketing operations. The rest- 

'of the industry, some multinationals in\cluded;~were n:ot.cony 
verting because they saw no benefits. They felt conversion 
wo,uld bring problems and added costs to their companies,. 

THE INDUSTRY: WHAT IS IT? 

The computer industry is represented by some of the bet- 
ter known and large,st corporations in America. It manufac- 
tures, sells, and supports all types, of data processing and 
business equipment, 
minicomputers, 

such as general purpose computer system&, 
small business computers, and various related 

equipment. Each product category has a dominant company. 

Several trade associations act as spokespersons for the 
computer industry, but the Computer and Business Equipment 
Manufacturers Association can‘be the most influential because 
it represents those companies having the bulk of the indus- 
try's sales. A major function of this Association is to write 
performance'and interface standards for the entire industry. 
The Association is also the sponsor approved by the American 
National Standards Institute for all standards projects, do- 
mestic or international, 
chine areas. 

in both the computer and office ma- 

In the past 20 years the computer industry has grown more 
than any other industry in America, 
tion official. 

according to an Associa- 

constant change, 
This growth has meant dynamic progress and 

characteristics which may ultimately work to 
the industry's advantage in implementing the change to met- 
rics. 

Our review of metrication, in this industry was' limited 
to discussions with top metric officials at 13 'firms--both 
large and small. We verified and supplemented our interview 
information with the questionnaire responses received from 
those computer corporations listed among the Fortune 500 com- 
panies. (See ch. 5.) Where possible we reviewed the annual 
reports of these corporations as well as any metric state- 
ments, policies, plans, and handbooks that were available. 

\ 
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We also talked with metric officials at,the Computer,.and 
Business Equipment Manufacturers Association., ~ 

METRICATION DIVIDES THE I-NDDSTRY 
: 

Without an industry, position on metrication, ,most com- 
panies have ,decided against conversion even though they be- 
lieve it is inevitable. However, some co,mpanies.have decided 
.to convert and are studying how to proceed. Their experiences 
have been both,good and bad. 

Industry interest in metrics gained some mqmentum in 
1968. That was the year the Computer and Business Equipment 
Manufact,urer.s Association formed, its fi,r,st metric committee. 
The committee's sole pu,,rpose was to respond to a National.,- 
Bureau offStandards questionnaire,,.; .In its,formal.report to 
NBS, the Association concluded i,t could not take a position 
on metrication because some companies favored metrication 
while others opposed it.- The Association's policy was. to 
support the consensus; therefore, because the,re.was none, 
the Association'smetric committee was abolished. 

Then, in 1973, the- Association became a ,charter.member 
of the Am.erican National Metric Council. After 1 year, ac- 
cording to an official, the Association dropped out because 

y there was still no computer industry interest in metrication. 
In 19.74 and again in 1975, ANMC,asked the Association to be 
Secretariat for a new committee repre,senting the computer and 
electronics industries. The Association refused because a 
survey of,its membership showed no interest in supporting or 
participating in such a committee. 

j 
An Association official recently tqld us that few mem- 

bers expressed even a casual interest in becoming, involved 
with metric conversion': therefore, the Association has not 
been involved in planning and preparing for it. However,, 
several firms which had experimented with metric,s on their 
own over the years had mixed results: ,. 

--In 1973 one company began.designing a product in hard 
metric, units but soon found the metric fasteners and 
supplies needed were not available. The result:,, sig- 
nificant redesign of the product taking about 3-l/2 
staff-years to complete. This product ended up with 
only about 20 percent of the components designed in 
hard metric. This same company tried again in 1975 but 
dropped its project due to similar problems and a lack 
of vendor capability. A company offici.al said that, 
both experiences were very costly but he could not be. 
more specific than that. 
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--One of the industry's leading companies in'1974 1 
designed one of .its products in metric units. ,When.. 
the firm found it would have to pay as much as a 20- 
percent premium for metric parts and supplies; the., 
company scrapped the idea and redesigned the'product 
mostly in customary units. This -same company devel- 
oped- a metric planfor implementation by January 1976 
but did not 'implement it because management found only 
a few companies in the industry-were taking conversion 
seriously. Management did not want to pay the price, of 
being a metrication leader and, consequently, shelved 
the ,program..' ,._ ..,( '_ 

- 
The above two companies do not have active metric 'programs; 
today.. However, a sma.11 group of multinational companies, 
including-,the industrvleader,, were'more~suc'cessful in imple- 
menting their metric prbgrams. They have: 

/~ ,, : 
.--Statements of metric policy calling for's gradual im- 

plementation of metrication with new product de-signs 
while leaving existing products alone. 8: 

'--Metric plans which usually, specified time periods by 
which the company would be predominantly metric, usu- 
ally a lo-year period. i, 

:--Committees or coordinators responsible for implementing 
and monitoring metric policies and plans., 

--Some pro'ducts already converted to metr.ic; e.g., com- 
puter terminals and housings for computer mainframes. 

Officials, with these multin,ational companies'said they 
are converting, because metrication is inev.itable. Several 
officials,also said that a primary consideration in their com- 
pany's decision to convert was the European Economic Community 
directive that after April 21, 1978, all goods sold'in %urope 
must be labeled in metric units. 

The largest computer corporation in ,the United States 
decided in 1966 to study the possibility of conversion to the 
metric system. Its 'primary reasons for doing so were that (1) 
a new computer series was being developed for worldwide use 
as a single integrated computer line, and (2) the company 
wanted to expand its manufacturing capabilities worldwide. 

Company officials believe they are successfully progres- 
sing toward their goal‘of being predominantly metric by 1982. 
They attribute their success in large measure to the corpora- 
tion's international background and past metric experiences 
with foreign subsidiaries. Also, metrication has been given 
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top level approval and. support. 'Plans havebeen developed 
and staff provided" to assure -implementation., The corporate 
standards.group established an interdivisionalsteering corn-' 
mittee with every, division represented-. .The.committee met two 
or <three times annually to discuss -program status and-problem 
areas. Responsibility .for-the overall metric ,progr,am is cen- 
tered:.-in:the committee chairman. Each,division manager is 
responsible for setting timetables for converting his opera- 
tions so that the overall corporate goal would be achieved. 

Not ,a11 multinational computer firms, .however, ,believe 
metrication is. inevitab1.e. An official with one of the lead- 
ing computer, firms said he could'understand some multinational 
corporations going .metric because they.had- no single. standard 
for their .worldwide'operations and one standard::either metric 
or customary--is desirable. Metrication ,would,:allow them to 
adopt a standard used throughout the world. 
company,. however, 

In discussing his 
this official said,it alr.eady has one stand- 

ard wh,ich is used throughout its global operations. Its 
standard is the customary system of.measurement. 

The official further stated his company is getting,no 
.press.u.re from foreign markets to manufacture ,and sell metric ' 
products. The company.has no ,problem selling its products in 
overseas metric markets or getting them,serviced. 
ly, 

Consequent- 
this company will use the customary system until it costs 

more to use ,it than .to convert to metrics. It plans to mon- 
itor metric devel'opments around the world th.rough a network 
of metric committees. 1 ; 

PROBLEMS AND COSTS, BUT FEW BENEFITS 3 

would 
Most indus,try .officials believed that metric conversion 

bring added costs, and. in several cases, officials be- 
lieved this cost could be substantial. 
ien.ces were limited; therefore, 

But actual cost exper- 
no one in the computer indus- 

tr.y really knew how much metrication would cost. Only three 
companies we visited had tried to estimate what their costs 
would be. 

One company in 1971 estimated its conversion costs at 
from several hundred thousand to several million dollars if 
conversion.was completed ina 3- to 5-year .period. The com- 
pany's study involved. all,areas of the corporation and sought 
supplier reactions to,furnishing metric components. An offi- 
cial said suppliers generally were willing to provide the com- 
pany with any metric items needed. However, this company has 
since decided not to convert with one reason being the cost 
that would be incurred. 
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In 1963.a secon-d company estimated its costs-.would be 
$3~6 million over a lo-year conversion period. But then in 
1971.it revised .its' est.imate to $l.l,million, 'again.stretched 
over a lo-year ,transition‘period. The company lowered its 
estima'te because it concludedthat conversion would not re-' 
quire wholesale discard. and replacement of costly manufactur- 
ing. tools and equipment. On the other hand, the company be- 
lievedlthat 'costs:of employee education and training would be 
substantially higher. 

'The third company 'refused to discuss its" 1966 cost esti- 
mate other than to say that the company's study team estimated 
that the costs would amount to, many millions.. Despite the:.' 
high costs,' the team; recommended,increased use of the metric 
system. It believed -metrication was in the corporation'.s best 
interest in the,long run. 'J : : j ,* <',- ,:' 

, " :' '. 
Management at one large corporation is convinced. some.' 

cost data, regardless of'how crude it might be,, is.ne.eded t'o 
set priorities 'and generally assure some management control: 
Many multinational computer firms converting 'are following a 
policy of letting costs lie wh'ere they fall within the,com- 
panies. They hope that managers, operating without a budget 
formetrication, would be resourceful and implement metrica- 

'tion with'minimum,costs. 
: : 

The impact of metrication incost and ,problems will vary 
from company 'to company. Industry officials'.have different 
opinions as to which areas of their business would be most a'f- 
fected by metrication. One problem almost always mentioned, 
however, is the need to ma.inta'in two inventories--one for 
metric products and another for customary products--for 'many 
years. Of.ficials ' estimates of how long dual inventories 
would be required ‘varieid and ranged from 10 to 3,O years. 

Besides the inventory problem, officials generally be- I 
lieve their companies .are likely to incur costs in the, fol- 
lowing areas: 

--Some employees will need metric tools in their work. 
One company, for example, has over 12,000. field engi- 
neers who pr.obably,will require some metric tools for 
computers having metric components. An official of 
this firm did not know whether the company or the em- I L 
ployee would pay for the added cost of buying 'the met- 
ric tools‘. 

, 
--The need to show two sets of measurement units on engi- 

neering drawings, and how to show them, could be a 
problem. One company 'estimated that using the two 
measurement systems on its engineering drawings would 
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add 5 'percent to the,total cost of ,the drawing,s. 'I 
Another company also found it was costing more th,an it 
wasworth and stopped th'is practice after 8 years. 
The company now.shows either only'customary or metric 
units on its drawings. 

--Metric conversion tiill require changing numerous prod- 
uct standards to either a hard or soft conversion. Al- 
most every product standard in the,industry is now ex- 
pressed in customary units. 

--Training programs with training materials and documen- 
tation will have to be developed for em@loyee,s.- Em- 
ployees ‘may lose work time while in training,: and 
there may be initial productivity decreases as employ- 
ees learn to work with metric units. One company, for 
example, had developed a training program which will 
have an impact to varying extents on every employee 
in.the company. b.. ! 

--The availability of metric parts, at least initially, 
is a concern. Several companie-s told us they have al- 

.rea'dy had difficulty in locating metric sources, and 
after locating them they had to pay higher pr'ices'than 
for customary parts. 

--Metric conversion could cireate safety problems. Some 
manufacturing processes, for example, ar,e temperature 
controlled, and an employee could get injured by con- 
fusing Celsius and Fahrenheit readings. One company 
told us that one o,f its machinists unknowingly working 
with metric numbers was almost injured. He miscali; s 
brated his machine which caused the tool to b'reak and 
fly off the machine. 

--Computer programs may need to be modified or complete- 
ly rewritten. In prior reviews of data processing 
systems, we have found that program modifications can 
be an expensive and prolonged process, especially if 
the documentation supporting the existing program was 
not complete or had flaws in it. 

Most companies, includ.ing those in the process~ of conve'r- 
ting; associated few or no benefits 'with metrication. One 
benefit cited wasthat metrication would,make the US. corpor- 
ations more competitive in the.world market. A vice pr'esident 
of a leading computer firm claims this is nonsense. He said 
the biggest impediment to marketing overseas is that the prod- 
duct is American, not that it,is in customary,measurements. 
According to this official, all countries today use standards 
as a trade barrier..to- keep U.S. products out and this will 
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continue,,regardless of‘whether the United States goes metric 
or not. '. , I 

Another benefit often cited was Ithat metrics would pro- 
vide an opportunity to standardize products. However, one 
official with a major corporation told us th,at achieving uni- 
versa1 interchangeability and standardization involves more 
than just agreeing on linear dimension, which is the only 
thing metrication addresses. This official believes the em- 

;-- p==+ .:- 

phasis on metrication sidesteps the real obstacles-to attain- 
ing worldwide standardization, such as 

I 

--the,differen,t methods engineers around the tiorld use 
to draw things and the.need:to redraw,these drawings 
before transfecring them, from abroad to the :United 
States, ;' ' .' 

/ .- 
;--the different'material specifications .in use from 

country to country and the need to redesi,gn components 
to use foreign specifications, 

,' 
,--the.limited'vendor competition abroad because these 

vendors have to convert American drawings to local 
m i=- 

standards and local language, and c 7 
I 

--the language barrier between the countries of the 
/ world,which often results in poor and inaccurate com- 

munications. j 

,By adopting hard metric stand.ards for its computers and 1: b-- 
business equipment, the computer indust,ry would also be in a B =-:-- 
position to seriously begin considering the'use of-hard met- 7 
ric paper sizes with'.its machines; The, internationally sanc- 
tioned metric paper size system is saidfto containmany bene- 
fits, not the least of which is a much simpler way of expres- 
sing the.weight of paper sthan is done in the United States 
today. 

But a majorobstacle to adopting this paper system is 
that the equipment-manufactured by ,the computer industry and 
used throughout the world is built to inch specifications, and 
metric-size paper is currently not compatible with this equip- 
ment. For example, automatic business machines that'add data 
to preprinted business-forms use\feeding devices employing 
pins spaced at l/2-inc,h centers. This requires that contin- 
uous forms have feed holes punched at l/2-inc.h intervals and 
that form depths be in multiples of this module. 

The issue of paper size is very complicated and one that 
representatives of the computer, paper, and printing'indus- 
tries were jointly studying as a subcommittee of ANSI. Any 
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change to our system of paper sizes would“"have an imp;act,on 
things, such as filing sy.stems, filing equipment, and paper- 
making equipment. ', - ,_' '.. .r": ., 

: ".,, .. 'i .' 
The subcommittee considered.the pluses:-and 'mi'nuses of 

conversion for, business paper and> cc>ncluded,tha.t ch'anges to 
paper sizes must necessarily be,,limited to~!a,s'oft conversion 
because computer and business equipment will be soft converted 
for the short term. Thus, it app'ears that an American commit- 
ment to an international metric standard for paper sizes will 
not ,be. achieved, at least :in the .near' future. ,(See ch: 1'9 for 
a discussion of the,international, metric'paper si-ze system and 
the.:advantages and disadvantages to using that system'.) '.. 

.' ,\. . ..i .:, .I 
FUTURE. METRICATIQN EFFORTS .'I, *' 

’ ‘/ 
‘, ‘, 

.,-Metric officials with'.one,of;the industry's'largest com- 
-panics were.,convinc,,ed the United States would notcomplete '.' 
metrication until the nex.t.century if, conversion c'on-tinued to 
be voluntary. They believed a national program with plans and 
timetables is needed. Officials at other computer companies 
shared this view and stressed the need for a short conversion 
to keep confusion and costs to a minimum. 

Some .officials wanted a voluntary program but disagreed 
on what the Government's role should be regarding metrication. 
Two large companies believed that the Government should pro- 
vide companies with some form of incentive to convert. The 
particular incentive desired in one case was some form of tax 
relief to keep metric costs down. The other company believed 
conversion should proceed voluntarily up to a point, predeter- 
mined by the Government, after which everything would be con- 
verted. One official of anothe-r firm cautioned that the Gov- 
ernment should not subsidize metrication for anyone because' 
to do so would bring chaos and add to total conversion costs. 

Officials of one major company said that, the American 
people should have a voice in \deciding whether the United 
States should convert to the metric system. The company be- 
lieves public opinion should be assessed by the U.S. Metric 
Board. According to the officials, if the Board determines 
the American public does not want metrication, the country 
should continue with soft conversion where appropriate and 
determine a new course of action. 
national decisions, however, 

Regardless of any future 
this company will continue to 

convert its operations. The company believes it could oper- 
ate in two measurement systems although it would prefer just 
one --the metric system. 

, 18-8, 



-' CONCLUSIONS 1. 'I: 
/. : I ..,' ,I 

The computer industry remains divided on.,wh'ether .or' not' 
metrication is necessary. Certain large multinationals with- 
in this.industry believe conversion is.inevitable and are pre- 
paring for it. Other companies, including mu-ltinationals,:- 
still vigorously oppose.conversion .because they see:no bene- 
fits. _. 

I . 
The ind.ustry .does not know whether m'etr'ication is .a cost- 

beneficial "business,decision. Rather thanthoroughly evalua- 
ting costs and benefits., companies are decid.ing to:.c.onvert be- 
cause of: what the.y cla'im is! the.. inevi'tability. of: metrication. 
Few benefits-are being cited , yet the few cost studies made 
show companies will incur added cos,tsto bec.ome.predominantly 
metric. It appears that this industry wili remain.d'ivided. 
.However, if- the United States-decidesme-trication is:best, 
many corporation Qfficials would favor a; quick conversion over 
a prolong,ed one to minimize confusion and cost. _. 

., ., . . 
,' 
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CHAPTER 19 

> LITTLE CHANGE.IN BUSINESS-LETTER SIZES 

The paper industry does not plan to accept the proposed 
international metric standard size for business paper. Th,e 
importance of keeping the current size is that most'filing ' "~ _ 
systems, business machines, and other products were made to 
fit the business letter; and consequently, other record paPer 
and forms were designed to conform to this size. ,' : : 

While the United States does,n,of,have 
standard business letter size 

a formal .n,ational 
j,:by,general custom the.common 

business letter size is 8-1/2'by,ll inches. The' Federal 
Government uses 8- by lo-l/2-inch sized paper asits standard 
Size. . 

I' t 

Our review of the paper industry was limited to the met- = 
r ication activity surrounding the correspondence- and busine'ss- 7' kz 
size paper and forms. We discussed the paper industry's metri- ,, 
cation activities and the business,paper size problem with 

H 

representatives from industry associations and manufacturers. 

PAPER INDUSTRY BACKGROUND 

The American Paper Institute is the industry's national 
trade association. Its approximately 200-member firms provide 
mor,e than 90 percent of all pulp, paper, and paperboard manu- 
factured domestically. The paper industry ranks among the 
six largest industries in the United States and last year 
produced over 60 million tons of paper and paperboard. The 
paper and allied products companies employ approximately 
750,000 people located throughout the Nation. 

I--- 
r 

The Institute participates in the International Organiz- 
ation for Standardization's meetings concerning international 
paper standards. Also, the paper industry, in cooperation 
with the American National Metric Council, has established 
a paper and allied products industry sector, to plan conver- 
sion activity with the Institute as the'secretariate. This 
sector committee has established 12 subcommittees for the 
industry. These subcommittees are: papermaking and other 
fibers, newsprint, printing-writing papers, packaging paper, 
sanitary tissue products, specialty papers, corrugated and 
solid fiber boxes, folding carton and food service products, 
paperboard other than packaging, machinery manufacturers, 
units and testing instrumentation, and employee training. 

_- - 

_- 

An Institute official informed us that, overall, the 
paper industry would soft convert but, for the most part, be 
responsive to the customers needs. Therefore, there may be -- 
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some ,hardconversions: Wejwere informed: by a manufacturing 
official that a hardiconversion would require some adjust- 
ments to plant equipment; forexample, to cut the finished 
product to the dimension ordered. However, most of the .met- 
rication activity would result in changes to the labeling, 
billings, and other business 'systems.r' Also, metrication would 
require some training of employees in the metric system.' 

INTERNATIOIiAL. STANDARD,PAPER S&S 
‘, 

i ISO's standard for paper sizes is a system of paper 
sizes based on. the concept that ,a11 paper sizes can be der- 
ived,from a l+square-meter‘ sheet of paper having a width to 
length ra.tio .of 1 to 1. 414. This preferred basic sheet,of 
paper, is a rectangle measur.ing 841.'by 1,189 millimeters. To 
produce the succeeding sizes, this sheet is-cut in half. The 
resulting sheets are.ione half-the., area of the previous sheet. 
This,.process canbe continued:to produce a serie,s of about 10 
useful sizes called,the A-series, of paper sizes. The busi- 
ness-size'paper is the A4 size-,-210 by 297 millimeters or 
8.27 by 11.69 inches. ,,. 

The following figure shows how the A-series of pa@er is 
derived from a l-square meter sheet. 

. (  , .  (  

._ 
‘, . , .  

/  

(23.39 
Al 

x 33.11 in.1 

2 
A2 

/ j 
(16.54 x 23.39 in.) 210 mm _ ,210mm 

$ A5 
3 ’ 

Y A4 ’ 
3 (8.27 x 
3 11.69 in.) A7 
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The following table, lists themA-series paper sizes. . 

,Size ? Millimeters .' -I Inches \ i . 
AO.. .i841:by 1189 '. 
Al 

33..11 by 46.81 
594 by ,841 

A2 
23.39 by. 33.11 

A3 
\ 420-l 'by 594 16.154 by-23.39 

297 by 420 
A4 

11.69 by 16.54 
210 bY 297 " 

A5 
8.27 by 1,1;69 

148 by 210 
A6 

5.83 by 8.27 
.105.by 148 

A7 
4,13 by‘ 5.83 

74: by 105. 
A8.: 

2.:91 by 4.13. 
: 52 by 74 2.05 by 2.91:+ '. 

A9 .' ,' -' 37 ,by 52 " 1..46, 
A10 

by 2,105 
26"-by * 37 .:j, 1.02 by 1:46- 

,' ..,. ', .I. (. ,. 
JSO standards for paper'also include a similar ,B series- 

to be used when paper sized,between- any two A-series sizes 
is needed. The following table list,the B se-ries sizesC / 

,. 
-Size Millimeters 

.‘; 
Inches 

BO; : ~ lOOO'by.l4-14 39.37 by 55.57 
Bl 707 by 1000 27.83 
B2 

<by 39.37 
500 by 707 19.69 by 27.83 

B3 353 by 500 13.90 by 19.69 
B4 250 by 353 9.84 by 13.90 
B5 176 by 250 .6.93 by 9.84 
B6 125 by 176 g4.92 by 6.93 
B7 88 by 125 3.46 by 4.92 
B8 62 by 88 2.44 by 3.46 
B9 \ 44 by 62 1.73 by 2.44 
BlO 31 by 44 ,1:22 by 1.73 

A STANDARD BUSINESS-LETTER SIZE 

The guestion of a standard size, be it I-SO or a U.S. 
standard, is separate 'from the use of the metric system, and 
the two could be considered separately. However, they appear 
interrelated because (1) consideration and planning for the 
paper industry's adoption of the metric system and (2) the 
proposal that the U.S. paper industry adopt the international 
paper size are occurring at the same time. . 

Two subcommittees of the American National Standards 
Institute have been studying the optimum metric size for 
business letters from the viewpoint of paper manufacturers, 
printers, and users. They have also been wor'king on (1) the 
problem of the differexnce in the sizes between Government 
and commercial business letters and (2) the effects of ad- 
opting IS0 sizes. 
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If the size of,the .business.letter is to be converted I 
to the metric system, the paper industry has the following 
options: 

I 
1. Soft convert the present size .of 8-l/2 by 11 inches 

to 215.6 by 279.4.millimeters. 
. . .' 

2. Soft convert the present size with the dimensions 
. rounded to 215 by 280 millimeters, which is 8.46 

by 11.02 inches. 

3. Adopt the A4 size, 210 by 297 millimeters, which is 
'8.27 by 11.69 inches; 'C '. 

, : . 
4. Har.d convert.and adopt a new size, 2.10 by 28,O ' 

millimeters, which is 8-;27 by 11.,02 inches. _ , 

The compromise size of-:210 by 280 millimeters, or ,8-l/4 
by 11 inches,- would preserve the ll-inch length dimension 
needed for ,o.ur existing filing system,.and ,busine,ss m.achines; 
and the adoption of A4 width, 210 millimeters or 8-l/4 inches, 
could make international uniformity in envelopes possible. 

At this point, there is general, agreement within the 
paper industry to continue using ll-inch lengths. Eleven 
inches is 279.4 millimeters;, Rounding this to '280 milli- 
meters wouldronly increase the, presentalength by .O.O016'of 'an 
inch,-well within existing tolerances. The. question off 1 
width, however, is still unresolved. The advantage of adopt- 
ing the A4-size width, 210 millimete.rs (8.27 ‘inches), is i 
that it only reduces the present size by about.1/4 inch, and 
this uniform width could permit the. international standard- 
ization of envelope sizes. 

:- 
Presently, the Federal Government has not done anything ' 

to adopt the compromise size. Also, IS0 has not been willing 
to introduce the 210- by.280-millimeters si,ze as an alternate 
size in the A series. An Institute official advised u.s that 
the paper industry will just soft convert the present 8-l/2- 
by ll-inch size. The paper sizes will not change until the 
Government and IS0 have agreed with the paper industry on a 
standard size for use in the United States that recognizes 
or adopts the ll-inch leng.th dimension. 

DISADVANTAGES AND ADVANTAGES OF INTERNATIONAL 
PAPER SIZES AND STANDARDS 

Disadvantages : 

Industry officials told us that the adoption of ISO's 
system of paper sizes would present some problems, especially 
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with the--use of business machines, because.the machine's would 
have to be modified or r:ep;laced. .' / Y '-, 

The paper sizes used in automatic writing and reading 
machines are:usually‘,dictated by the dimensions of the ma- 
chine. An industry official stated that many of the A series 
paper sizes are not readily adapted for use on high-speed 
pr.inters.and a.re not well suited for printing;on presses. 
However, these automat-icsystemsare-necessary to process . 
the increasing volume of business transactions.. 

As an example, the increas‘e in. th.e .voluine .of,t.bank 
checks to be processed made automation .nec,ess,ary.:,; 'Machines 
tiere designed to handle a range of check sizes, but the 
check must b.e.betw,een 6 and .8-3/4 inches by, 2-3/4, and 3-2/3 
inches. The A-ser:ie,s size recommended for&ecks is A6 
(105 by 148 millimeters or'4.13 by 5.83 inches) and will 
not work in the,automatic r,,eaders.- -The suggested solution 
is to use one four,th of the, A4 size,.~ which would be"210 
by 74 millimeters ,or' .8.27~'by,.2.91 inches-. -.Thi-s manipulat'ion 
does.produce a size that is acceptable to -the r.eader, but 
but it cannot .be u,sed,in automati'cwriting machines. :. 1. 

All business.machines that automatically .write:data on 
continuous paper or for-ms use',f'eeding,devices withpins spaced 
at l/2-inch.centers. This'.~requir.es.- that :continuous forms 
have feed holes punched at 1,+2-inch. intervals' and that ,their- 
lengths.be inmu.lt.iples 'of .this. module.. This reguirement ':' 
eliminates the.A-series siz-e for use.,. The A-4 Size has a. 
length measurement of. 297 millimeters, .or -,11.69 inches.. The 
US. commercial size has an ll*inch. length;:, The use of. 
continous processing pap'er and forms seemsto-1b.e certain; 'i 
therefore, to change all automatic data processing equipment 
printers and other business machines with l/2-inch spacing 
doesnot seem to be ,justified. :. .\ ', \ 

. . ). .' 

would 
Another prob.Iem with ad-opting the A4-size business paper 

be the need to change the. sizes of other o'ffice-related 
prod.ucts which have been built to accommodate the 8-l/2- by ll- 
inch business pap-er size; for example, desks, filing systems', 
binders, etc. This problem, however, doesnot exist when., 
you :use something less than the:8-1;/2- by ll-inch size. For 
example, the Federal Government's 8- by lo-l/2-inch size 
can be used with the office products designed to accommodate 
the 8-l/2- by ll-inch size,paper. 

The Standards Council of Canada (Canada's naticnal stan- 
dards organization), after studying the problems of the'll- 
inch length and the need for l/2-inch spacing for business 
machines and.learning that IS0 was not willing to adds a com- 
promise size to the,A series, has standardized on the 
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8-l/2- by ll-inch business-size paper. Therefore, 'the 
A-series size may be an international standard size, butit 
is unlikely that it will be adopted worldwide.' 

Advantages 

Other features of ISO's paper standards are less con- 
troversial. The IS0 system includes standard envelope sizes 
that are coordinated with the standard paper sizes. It 
uses the grammage concept, a metric measurement, for paper 
weights. 

It would be more economical for the United States to use 
a limited number of envelope sizes to meet all mailinq needs 
instead of the hundreds of sizes now used. However, it is 
notnecessary to convert to the metric system to accomplish 
this. Many of the odd-size envelopes used are selected for 
their attention value in direct mail advertising and greeting 
cards. / , 

In addition to size, paper manufacturers and users also 
define the substance or basis weight of a particular grade of 
paper. This basis weight is defined inpounds of a ream of 
paper cut to a given size. This method of describing paper' 
can be eliminated with the use of the metric system. 

The grammage method expresses basis weight of paper in 
grams per square meter. The concept eliminates confusion ' 
over each basis weight of different quality paper cut to ' 
different sizes by providing a common unit for comparing 
sheet weight. 
used. 

The customary ounce unit is too larqe to be 
Further, in the metric system, 

in kilograms per 1,000 sheets, 
ream weight is reported 

between sheet weight. 
thus providing a distinction 

CONCLUSION 
\ 

Metrication of business paper is not a simple task even 
though the paper manufacturer could probably change the size 
of paper easily. The U.S. paper industry has. considered Can- 
'ada's decision to retain the ll-inch length for business Pa-' 
per. Further, to take advantage of international standardiz- 
ation of envelopes in the future, 
the 8-l/4-inch width. 

it has proposed adoption of 

The paper industry wants to be responsive to customer 
needs and keep the economic impact to a minimum. Therefore, 
,it plans to‘retain the 11-inch length dimension so/that fil- 
ing systems, business machines, and other products do not 
have to be modified or replaced. 
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;' . CHAPTER 2.0: :: ,, " I. . . ,..., : . 

-SURVEYING AND MAPPING: SOME FAMILIARITY WITH METRICS 

Measurement is extremely important to those involved,in 
surveying and mapping. Metric units have been used to,some 
extent in various phases of the profession- for many'years, 
and some of the data base is already metric. However, -the 
customary system is the predominant system used; -.: 

E 

Conversion to a predominant use of the metric system;;.., 
would not significantly benefit surveyors and mappers. How- 
ever, some benefit would result from a single, uniform mea-' 
surement system on a worldwide basis. Mappers would'benefit 
to some extent in that some of the data baseJis..;already met- 
ric, and the cost and timeorequired to convert this data to-, 
customary units would be eliminated.' : ' c:, 

I 
Surveyors and mappers did not expect metrication,to, pre- 

sent major problems as long as the "go forth" approach is fol- 
lowed. This means that existing land deeds and plots would 
not be resurveyed (in metric) until the land was resold or 
there was another need for the survey to be redone. Maps 
would be converted when they are revised or new ones are pr,e- 
pared; Exceptions to the go forth approach could be aeronau- 
tical charts and road maps. 

We discussed metrication of surveying and mapping with 
the three major mapping agencies-- 
the National Ocean Survey, 

the U.S. Geoloqical Survey, 
and the Defense Mapping Agency-- 

and several surveying firms and private map producers. Dis- 
cussions were also held with the American Congress on Survey- 
ing and Mapping and the ANMC Sur,veying and Mapping Sector 
Committee.. We also examined pertinent documents. 

MAPPING 

2 
L 

I I 

Many different types of maps are produced, including 
aeronautical, nautical, topographic, and special-purpose, 
such as road, recreation, and engineering. 
duced by Federal, State, county, 

These'.are pro- 
city, and private groups. 

Most of the basic cartographic (chart and mapmaking) wo.rk is 
performed by Government agencies because private interests 
do not have the required resources. Maps prepared by the 
Geological Survey and other government agencies serve as 
the basis for many other maps. 

Aeronautical charts 

With some exceptions, aeronautical charts are prepared 
by the Federal Government. The National Ocean Survey-of the - 

-1 
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.-Department of.Commerce'.s.Nation'al Oceanic and Atmospheric,,Ad- 
ministration- prepares , publishesK and d-istributes .aeronaut.i- 
cal, charts, of, ,th,e United State,s. Charts0.f foreign ar,eas \are 
prepared,and published'by the <Defense Mapping Agency of the 
Department of Defense'and are'sold to civi,lian users,by the 
Ocean Survey.: These charts,,,are, used-in military,, commercial, 
and general aviation. 

Aeronautical charts, of the United, States,and.,many other 
countries .are. almost, exclusiv,ely in the customary ,system with 
altitude in ,feet. and -distance in nautical miles;,l/ The.,Ocean 
Survey prepares its aeronautical,charts in accordance with 
Interagency.Air Cartographic ,Committee--.Feder-al, Avi-ation Ad- 
minis:tration,, Department. of Defense,,:,.and, Department of Corn- ; 
merce--specifications. ,The Ocean,Survey cannot unilaterally 
c0nver.t its aeronautical charts. Deifense Mapping's aero.nau- 
tical.charts: are prepared in,.accord,ance with standards estab- 
lished by.the International.Civ.il Aviation Organization. .This 
international,organization was considering Ja.nuary ,198s .as a 
possible target date' for conversion to metric. .Neither the 
Ocean Survey nor Defense Mapp,ing ihave any plans to metricate 
aeronautical.charts. (See ch. 15 for a discussion of the im- 
pact of metrication on aviation and the aerospace.industry.) ~. 

'. A concern if metric conversion of.aeronautical c.ha-rts 
were to take place is tthat',for some period of time pilots 
may, have.to'use both customary and metric charts.. Ocean 
Survey and,:Defense Mapping officials told us that-any co.n- 
fusion over ~meters and feet.could result. in safetty'problems 
(A meter is over 3 times greater than a foot--t,he commonly 
used unit.) For this 'reason, these officials believed that 
conversion of: aeronautical charts would probably be done as 
quickly as possible if and when a decision was made to con- 
ver,t ,a.viation to the me,tr.ic system. '. 

_"' 
This would mean that charts in use, for the most part, 

would have to.be,revised to show metric dimensions. A less 
I costly approach would be to convert-the-charts as they ar,e 

normally updated or new ones prepared. It would be,many 
years, however, before all charts would be converted under 
this approach. 

"Some conversion costs would be offset by savings that " 
would result because some data is already metric. Mapping, 
data is of,ten exchanged between various mapping groups, both 

l/The nautical,mile is an international unit of distance 
for sea and air,navigation based on the length of a minute 
of arc of a great circle-of the earth. -It equals 1,852 
meters or 6,076.115 feet. 

/ 
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domestic and ,foreign. Some of'this data would' already'.be,met- 
ric bec.ause it would be generated by 'metr-ic.'countr.i'eB:. De-' 
fense Mapping also'gathers data on foreign, areas in meizic. 
In addition, the national geodetic network l/‘has beeninmet- 
ric, probably since- the.first survey in 1835.. The network 
providesmuch .of the basic data,base for mapping in the United 
States. .,' :_ 

Defense.Mapping and: Ocean Survey officials said conver- 
sion of metric data to customary is ay~minor problem, but, some 
expense is-involved. The cost, however, is unknown. .' :. 

2‘ \ .I : 
.Decisions .on ,whethe'r and how-?aeronau,tical,charts are to 

be converted to:,,metric -,would, n.ot be made, by the .ma'$makers .but 
by the .Interagency-Cartogr\aph.ic Committee and the Internation- 
al C'ivil Aviation Or-ganization. Any plans to'convert aircraft 
operation should takeinto. account the cost and any problems 
that 'may be.,invo,lved in converting aeronautical charts.' If a 
decision is made to.convert aircraft ope,ratdons, a target,date 
',forconversion would be need:ed in order that the preparersof 
aeronautical cha'rts could plan ,for conversion. 

Nautical charts I : 

The Ocean Survey charts the,coastal waters of,-the United 
States andits territories and the :Great. La.kes.. Defense Map- 
ping is.responsible -for international waters, and .the Army,. 
Corps of Engineers charts the:Nation'srivers.. Some private 
firms reformat and reproduce‘Feder'a1 na-Utica1 charts forjtheir 
own varied uses; I, 

_,/ i 
Nautical charts are mostly customary with feet and fath- 

oms (6 feet.) ‘used for depth of water and nautical miles gen-' 
erally used for distance. #It. has been-the cu'stom to- use the 
statute mile for- distance on the Great Lakes. 

I'. <' '. 
The Ocean Sur,vey has b'een involved in two metric proj- 

ects. As part of an agreement with the International Hydro- 
graphic Organization (an organization.of maritime countries 

&/The national geodetic network is a system of bronze markers 
implanted in the earth's surface at .over' 500,000, locations 
that give, with.great accuracy, the longitude and latitude 
andyor elevation.of each point. This system, ,which is es- 
tablished and maintained by the National Ocean Survey, 
serves as the primary reference system for surveying and 
mapping of the United States and, is the basis for much of 
the mapping data. The data is converted to the customary 
system because nearly all its users are on the customary 
system. I 

. 
_ 

; 
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which wor,ks to standardize-charting symbols and specifica- 
tions), the Oce.an .Sur!vey develope'd five charts .of the Nor.th 
Pac,if-ic Ocean which give'depths in meters and distances in 
nautical. mi.Ile&. 'The second project was a:chart of Lake.'Erie 
prepared in, conjunction with the-Canadian Government;' The- 
chart is.in metric on one.side and customary on the'other. 
-Although a couple of similar metric charts are plannedti the, 
Ocean Survey has no plans to convert other nautical charts 
until there is a demand for metric charts. An Ocean Survey 
official said that metrication off,ers no-,benefit for the 
agency. I I .I 1. \ ' 34 '. _. .I 

.Defense Mapping b-eg,a.n c,onverting.: its n:autical charts to:-.<.. 
metric, about 10 years ago'. Asthe-charts are routinely up- 
dated, they <are converted. New-charts are prepared 'in met-, 
r ic. J ,&About 30:*.percent, of -the ,charts- ar.e metric.. The widely; 
used .nautical.mil'e: is being retained' as opposed to the k,ilo- 
meter for distanc.ed-:4 Much of :the Defense Mapping'!s nautical 
charting data is obtained-from foreign (metric) countries., 
Therefore,. the time and expense.th,at was required to convert 
the data to customary,is eliminated. Y 

1 ' , 
' According to"Defense Napping,and,Ocean Survey officials, 

nautical charts cannot be readily converted because direct 
conversion of fathoms and feet to meters would yield "awkward 
numbers" with which the user would have to work. It ,would be 
necessary to go back to the data base and select numbers ,that 
would equal round metric numbers. Conversion of al,1 nautical 
charts within a relatively short period would be expensive and 
time consuming. .., i 
Topographic maps t' '. 

Topographic maps are a detailed record,,of land area. 
giving geog.raphic position and elevations for both natural 
and mfanmade fea'tur,es. They show-the shape of-the land-- 
mountains, valleys, and plains-- by means of contour lines\ 
Topographical maps are. used for such purposes as evaluating 
natural resources and land-use planning. They are also used 
in many kinds of geological,and hydrologic studies, such as 
dam siting, highway and communication s.ystems planning and 
construction, and flood control, soil conservation, and re- 
forestati0n:program.s. They serve'as the bases for more spe- 
cialized maps,, such as road, census., weather, and landowner- 
ship. 

The major producer of topographic maps of the United 
States is the U.S. Geological Survey of the Department of 
the Interior. Its mapping program consists of various small, 
intermediate, large-scale 'and special-area maps. The major 
map product,, however, is the standard quadrangle map. These 
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maps cover 'a: f'our-sided:,,-- almost~'rectatigul.ar- area bo,und,ed "by. 
7:5 minutes of longitude and.7.5'minutes of latitude; They ' 
are tirepared,: to a 1:24;000 scale (-1 inch- on the map--~eq.ua9.s Y ' 
24,000 inch.es or 2;OOO ,feet.on the ground). withcontours. in &! 
feet. Eventually ;O the.'con-tinental United, States:will be cov- 
ered by .these maps; About :60 pe:rcent of .the required ..55,000 
maps have been :prepared:. -,. '..: ,. .., I .' .' ,, 

The Geolog:ical Survey's metric.policy:and c'onversion plan 
for its mapping-bprogr‘am is to pursue, a policy.of.proceeding 
with metrication as soon'as possible, compatible with produc- 
tion goals and objectives and with due consideration for map 
users '- need-s. New;-a~nd:..~.bmpl.e:t.~l.yi~revis.~~r smalljscale; inter- 
mediate+scale.,. and:. s.peciM-area: maps..willbe prepared in' met+ 
r ic:.- Completely: revised; standard quadrangle, m-aps ,will .also ,: 
be .done in.' metric. ,i New standard .quad.ra,ng,le+ maps will .,be pre+ 
pared to either a .l to, 25;OO.O scale (1. ce:ntimeter:.:on .the .map", 
equals 2,5,000' centimeters, or 250 metersaon the ground)'"with 
metric, con-tour,s or a: 1 'to 2.4~iOO~O scale with'* conto-urs in met- 
ric'or custdmar'y for th.e time be,ing; depending on the unique 
situation in each State. .They will be prepared to. a l to. 
25,000 scale with metric contours if the appropriate State 
officials agre.ee' If State., officials; prefer to complete a* 
State at the ,conventional.l to 2:4,000$ scale only to maintain 
.scale cont‘inu.ity, the.maps will'be done at the conventional 
scale,but with metric contours. AState can :delay metric,- 
conversion ,until.it-has been completely mapped .in customary. 
.Therea,fte'r ti‘complete ,revisions .of the standard quad,rangle 
maps-would> be in metric.. ! 

The metrication policy was developed after the Geololbg- 
ical Survey's mapping services users were solicited for the-ir 
views on how its products should be converteddto metric. With 
regard t0'theystand'ar.d quadrangle maps, :.off,ic i.als ocf:32 States 
said: to: complete their., State& at the- 1 to ,24,,000 s-tale....: Offi- 
cials of 10 States :wanted, 'to begin metric ,mapping ,immediatelyr 
but:.5 States',had been completely.mapped .:at the '1 .to 24,000,- 
scale. 'The users were askedzhow conversion should,:be. imple- 
mented and .not whether it .should be. :'The Geological Survey's 
mapping division con'sidered the national-intent to be conver- 
sion to .the:,metric system. _. .c. 

,The Geological Survey has about‘40,;00.O,'published maps. 
The time frame for.converting these to metric will depend on 
the availability of funds. The published maps could be con- 
verted in a relatively short period, possibly 3 years, with a 
massive infusion of funding and personnel. Conversion could 
cost almost nothing if metrication occurs only when maps are 
scheduled for complete,revision.. However, under this ap- ;- 
preach, conversionmay take-several decades. Geological Sur- 
vey officials consider a more practical-approach to- be a I 
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combination of ‘the above two.approaches with annual funding ' 
to 'convert a certain percentage of, -map's, with' other:s':being 
converted whencompletely revised. This would reguire,,about 
10 years. : .a,, 

'< _I' ', 
Defense Mapping supports -the Department of Defense in' 

its land operations by preparing topographic maps for use in g 
these operations. 'The Army had used the metric: system to a ' F: 
large:.extent in'its mapping'operations'. This polic,y contin- 
ued.for topographic maps when',the mapping opeiatCons o'f'the 

i; 

Army, -Air .Force, and Navy were-combined into the Defense Map- 
1, 
i 

ping Agency in'l972. Thus, *Defense topographic mapping is 
performed, to a large extent, in metric. .The maps are,in ac- 
cordance with requirements se.t,iby th'e^ North Atl&ntic“ Treaty 
Organization (NATG) and,the Southeast Asia ,Treaty Organiza- 
tion, ,,' : .:._ _ 

.,( ,,-*, '. * .'.' b, : 

The Department of Defen,se wili' benefit from the'Ge,olo- 
;- 
P 

gical Survey's conversion to the metric system iri";,its topoi.‘ 
graphic mapping. Military troops.have used Geological Survey 

E 
E 

maps --which have been in 'the customhry system-'fortraining 
in the United States. When ,the troops, we're abroad i"-they had 

E 

to adjust to metric maps. Geological'Survey's conversion I! ,' 
will eliminate this problem. 

Spf3~i&lypu~p~se maps’ ,.’ ’ ’ 
., .j_, 

Indus,tkies and planning agencies use the 'maps of the, 
Geologi‘cal Survey and other Federal and State/agencies -as"the 
bases for more specialized.'maps.. Scales and, d.etails can-be', 
adjusted to suit individual'nee'ds. Specialize-d data.can be , 
superimposed directly on the base maps. Fot'example, some 
of the special adaptations of topographic maps are census maps, 
planning maps,, drainage basin maps, flood zoning mapsi indus- 
trial zoning maps, National-Park maps, population maps, weath- 
er maps, land-use and cr.,op"mapsC road and street maps, and 
recreation map.s used ,by t,h.e ,publi'c for hun.t.$i,ng , f'ishing, 
hiking, and boating. 

There are an estimated 300 mapping firms 'in'the United 
States. Many firms are familiar to.,an extent with th,e metric 
system. Some have produced me-tric maps for clients in'Puerto 
Rico and foreign countries.. 'A lim,ited amount o'f metric mapi 
ping has been performed for U.S. clients, such asDefense 
Mapping. 

Mapping firms can work in both metric and customary with- 
out much difficulty. A changeover to metric'would depend on 
requests by clients. Very few clients are presently inter- 
ested in metric maps. Generally, the mapping,firms we con- 
tacted stated that 'they do not anticipate any significant 
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be,nefits, and.there would be,some,costs. In absence of,demand 
by clients. for, metr,ic maps, 'convers.ion wou,l,d probably have to 
be mandated. Conversion of Geological Survey maps will not 
influence private mapping firms to convert their'special-pur- 
pose maps. The data can be converted to customary and the 
scales can be adjusted rather easily.. 

The general public may bemore familiar with road maps 
tha.n any type,of special-purpose map. ,Many U.S. road mdps 
have bar scales. in both‘miles and, kilometers. Sake of the 
road map,pr,oducers' world -atlases.are in metric. The.rest 
of the data, however, is generally in customary. I 

.; ,. 
None. of .the road map $rodu.c.ers we-interviewe'd ha'dd:defi- 

nite plans to begin prad,ucing. m'etric road' maps ‘..O& 1,iige 
firm plans to 'recommend to its customers that distances'be 
given in both metric and customary units. Another producer 
believed that not enough space ,wo,ul.d be, available on idts 
maps for ,dual numbering; !. " S' $3 . L 

Further metricationlo'f,. roa,d maps would probably take 
place ~when customers .want "i't.‘ This w'oul'd probably coincide" 

: 

with conversion of road signs.. 1 

The road map producers we contacted generally did not 
believe that conversion of road maps would,be beneficial ex- 
cept for the consistency with road maps of Mexico" and'canada. 
Genera,lly., no significant ,disadvantages we.r,e antictjp4ated. 
One ,producer , however, was conce,rned with the cost ,a.nd man- 
power ,needed.to‘convert the 200,OOOXitems (distances,,eleva- 
tions, etc.) on its maps.. These 'costs could‘incr'ease the L 1, 
prices of:,its maps.. :,'1 ., 

SURVEYING 
,% 

Measurement is extremely important to those in the sur- 
veying profession. Although 'traditlional units such,as the 
chain (66 feet)‘and the rod (16 l/2‘ feet) are still used to a 
limited extent, the foot and decimals of's foot are generally 
used-in performing surveys. T,he meter is also used for a few 
surveys. The!,metric practice guide being consid,ere:d for ap- 
proval by the,American Congress on Surveying and'Mapping 1/ 
recommends.that after conversion' the fundamental units fo7 
surveying should be the.meter and decimals of a meter. It 
would appea'r'that there would not be any significant benefit 

l-/An organization of about 6,500 control surveyors, land sur- 
veyor's, andimapmakers which was formed primarily to 'advance 
the sciencebf'surveying and mapping and establish a central 
source of &&erence and union.for its members. 

20-7 



ih-,'ebnveiting to the metf ic-: syst-em bec,a.use the; ch'ange:wo,uld, ': 
be'primarily'from‘the.::use of one' unit to 'another;'1 One unit.:: 
is no more a'ccurate' than ano'ther ; .,Howev'er , some be‘nefi.tmay, 

: result,' from a single, onifbrm, system on a ~Qo'rl&$ide..: bcasisi. ,'i,, 
'It is.alsb: pb&>ib'l@' tha,t the,-s,wit&-, t-.. the:,:m&tef may e:lim~~n.i 

ate the use of the rod and chain for future surveys. This 
should bemof some benefit. However, if conversion occurs, 
they would continue to have to work with:,.tine,:'cI;l's~~.~~'~~~ 'syst;em 
until all surveys are redone in metric since verification of 
ol'd. surveys is continua-lly being' done and Will: contin,ue in- 
d&fi,qi.tel.y. " .'~ -. ., _, )' .,,;,,: 

;- s ". A ^ ._ 
J ,-,i, '.Q: .'.;.Ib,;y. : ,:;': -,,?;: 

I 0.1, 
&*.hinar -nuis&$ee+'; al&o-- wd:bld:';be 61 ifiin&kd', I,f.;;arilh.-i~,ec~ts: 

and: surieyors ".were“,%is'ing the same- system.:. $~&i:t~c,ts'f hr:e'. ',, :, ; 
usijfig fee't;.-and ,inche,s. 'while sufveyors.~..use~! feet: afid., de.&m:azs'>., 
of,a,foot. ~ ,,- Somfe:.difffiic~lt.~,,~irist.s i.n ehanging;s$n.&&s It.@; dei* 
cimals!: of-, a' fo& and v.ice' versa .;:I &-"-example ii&:'e'~,pr'essi'~g,..;:~~ 
their inches 'in tenths 'of:,afoot.“ " ,A' chang-e 'tb, met:i.i.c by':b&h 
c'o-uld' elimina'te the difference.: ,1 \ ., d_, .I i ‘ ., , , , i. I 

.  ‘, : : .  , ,  ,i ~.. rr* ,  :  
, .  3,. .  .  .  .  .  j . , .  

' Conversion"-disadvant'ages' woul'd probab'ly:'not Ibe o'f. a ma'-, 
j.or significance. Some costs would be involved in purchasing 
metric measur'ing 'tapes and‘ surveyors' cha-&ns,.' 'Electr,onic dis- 
tance-measuring, ;e'quipment, 'is used by many ;surveyorsl‘. " ivla'n'y'of 
'these 'devices will' indicate-,in bo,th metricor- 'cusstomary with 
a slight'mechanical change. 
tible, 

If the equipm$nt' is* ao:t co~+~~'l-"i 

conversion would be more expensive. SOme met- ic .tIr:gi-lj- 
ing would be,required for office staff. Initi.ally, surveyors 
may not have the "feel" for the mbtric sy~-~~rn.,t~-8.~~~th~~,hadl,:~ 
developed for the cu,stomaryJ system. ..P,'_ ._ j L ‘,. 

Although,metric cohversion was'usually consid;ered fnev-1: 
itable-by'the surveyors, .surveying Will pro-bably no,t be'pr-e'~ 
dominantly metric until it is'mandatory or th;e surveyors' T: 
cl'ients r'e.quest surveys, in metric-. .I i ., : I: I : ,:, 

'~ : ."The year 1983 has been proposed.by som,e proponents of&a‘ 
change to me.tric-:as a possible conversion:date for s'urveyors 
-because at'th,at time the 'State Plane Coordinate- SysWm l/ will 
-be, readjusted to conform with. new longitude and.latitud~~..lines 
--- .i 
L/The"State Plane Coordinate System was developed'by!the- Ocean 

Survey so that the, curvature of the'earth':would not'have.to 
'bestaken into',account when performing local surveyingand, 
mapping. Each State is'broken down ,into one or more zones-,, 
depending on the size of the State. These zones are based 
on a system of longitude and la,titude coordinates. :A sur- 
veyor or mapper can work with the coordinates within a zone 
and not have a scale distortion due to the curve of-the 

'earth that would exceed one part ~inlO,OOO.'~ 'A- '. ' 
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for',N~rth~,America. The system will. al,so ,be, in both,, customary 
and.metric dimensionsfor the first time. M,an.y. States ha.ve ., 
passed'legislation adopting the State Plane,.Coordinates as 
their,re-ferenc‘e .system. These States may ha.ve,to change their 
legislation in order to-use the;metric dimensions for -th,e sys- 
tem .,,, < 

., i) 
.THE GO PORTH APPROACH 

,' .,: : .' 
: 

), : 
'., Many involved,.in surveying and mapping$.thought that the 

go forth approach, if practical, should be used to implement 
metric conversion. This means that existing surveys and deeds 
and ,plots would- not :be converted ,untfl,.p.ropert,y, is resold or 
there is ,a. need, for the survey to be redone. .',This approach :' 
could.be.- use.d to? som,e :degree fin. mapp.ing. ,: Maps 'would be ,rneVjt- 
ricat,ed when +th(ey are normally. revised and ,new; ones. a,re, p,re- 
pared. ,I,' Otherwise,: converting, all the thousands of 'exis,ting 
.deeds, plots, and maps would be costly. ., An: except.ion,:.to this 
policy could be aeronautical charts, .as discussed earlier. in 
this chapter. Road map producers may want to give distance& 
in .metric on their,‘maps when road signs are changed to metric. 

'. ', ., 
The major drawback of the go forth-approach is-that" it.: 

would..take many years, possibly decades in some cases., before 
conversion would be,,co,mpleted. Some c,onfusion may res.ult, for 
example., when metric maps are used together wit,h customary 

.maps. 1 _) -' 

HARD AND SOFT CONtiERSION l .’ 

If conversion.takes place, old parcels of land, when re- 
surveyed, .would..have measurements expressed in metric units, 
but the actual distances would not,change--a soft conversion. 
New divisions of land for housing developments and s,o forth, 
however, could be set out in round .metricnumbers (hard con- 
verted). Roads are often 1 chain, or 66 feet wide, includ- 
ing'the total right-of-way. New roads might be 20 or 25 me- 
ters wide. This is a hard conversion and would have an impact 
pn culvert sizes.,and other relat,ed, measurements, suc'h as water 
runoff. Certain State and local codes may have to. be changed. 

Nautical charts probably would be hard converted. The 
dir,ect conversion of fathoms and feet would yield awkwar,d 
numbers.. It would be necessary to go back ,to the data base 
of depth sound,ings and select round metric numbers. Contours 
on topographic ,maps also probably would not be soft converted. 

POTENTIAL PROBLEM WITH SI UNITS 

The 360-degree circle and degrees, minutes, and seconds 
of arc are widely used throughout the world for longitude and 
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latitude. / The nautical mile is also part o.f this system. 
Some concerns 'have'beenexpressed that the's1 units--the kil- 
ometer and the radian-- are not adeguate:replac~ements'for'the 
degree, minute, and second of arc and the nautical mile. No 
comparable system exists in the metric system. The Assistant 
Secretary of Commerce for Science and Technology in interpret- 
ing and modifying the SI system for U.S. use (see ch. 2) lists 
the degree, minute, and second of arc as units acceptable for 
use with the SI metric system and the nautical mile as accept- 
able for a limited time subject to further review. The Inter- 
national Committee for Weights and Measures of the General 
Conference on Weights and Measures has also agreed to the de- 
gree r minute, and second and has temporarily sanctioned the 
use of the nautical mile. An NBS official said that the nau- 
tical mile would probably be used for many years. 

CONCLUSIONS 

.If conversion to a predominant use of the metric system 
occurs, surveyors and mappers would benefit somewhat from a 
single, uniform measurement system on a worldwide basis. Sur- 
veyors and mappers would also benefit to a degree in that some 
of the basic data is already metric and the cost and time re- 
guired to convert this data to customary units would be elim- 
inated. In both cases, surveyors and mappers generally con- 
sidered these benefits to be insignificant. 

Some conversion costs would be involved for surveyors and 
mappers, but no major problem was anticipated as long as the 
go forth approach of converting is followed. Such an approach 
may not be completely possible with aeronautical charts. If 
these charts are converted as they are normally updated or new 
ones are prepared, pilots may be faced with having to deal 
with both metric and customary charts for many years. This 
could increase the chance for error and accidents. The alter- 
native to'this type of conversion is a more costly effort to 
convert aeronautical charts in use as soon as possible. 

If a decision is made to convert, a conversion target 
date would be needed to allow the mapmakers to plan for con- 
version of the charts. 

In the absence of mandatory conversion, surveyors and 
mappers generally would not convert to a predominant use of 
the metric system unless metric surveys and maps are demanded 
by their clients or customers. Aeronautical charts probably 
would not be converted unless specified by the International 
Civil Aviation Organization and the Interagency Cartographic 
Committee which includes the Federal Aviation Administration. 
Road,maps would probably not be converted until road signs 
and odometers are converted. Conversion of recreation maps 
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\ depends on acceptance by the gener:al public. Cpnstruc,tion 
surveys and maps would most likely .be in .metric when th,e coon- 
struction~ i,ndust.ry converts-. '. ,_, ," ..', 

.?' * ( , '. . .! ;._,, : .;':',: ,.:,. ~. 
. . 1 ,/ 7 ,,.: : 2 :. 
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CHAPTER 21; ,. : * 

: FOR WORKERS, SOME TRAINING AND METRIC TOOLS 

Almost every worker would, be affected to some exte,nt if 
the United States were to convert to the metric system. Al- 
though the full impact is not known and probably would not be 
known until conversion occurs to a greater degree/the major 
potential issues appear to be metrictraining'and tools for 
employees. Workers, to varying extents, would nee'd to learn 
a new measurement language, and some workers wo,uld..require 

Worker productivity may afso be affected. metric tools. I' 

At this time, relatively few workers have-been affected 
by metrication. Th,us , what their reaction to metrication 
would be is unknown. 

We discussed metric conversion with officials of the 
United Auto Workers, the Teamsters Union, and the American 
Federation of Labor and Congress of Industrial Organizations 
(AFL-CIO). The latter has 10.5 affiliated unions with a total 
membership of about 14 million. The Teamsters and United Auto 
Workers have a membership of 2.2 million and 1.5 million, re- 
spectively. About 20 million workers, or 22 percent of the 
U.S. labor force, belong to a labor union. We also discussed 
metric conversion's impact on employees with representatives 
of numerous industry firms and organizations. 

METRIC TRAINING 7 
Many industry representatives indicated that metric 

training for employees would be time consuming and costly. 
To reduce these costs, various metrication advocates and in- 
dustry representatives believe that employees should be fam- 
iliarized with the metric-system on a need-to-know basis. r 
That is, they -would only be taught what is required for them 
to perform their jobs, and individual employees would receive 
metric training only if it were needed. 

The AFL-CIO finds this approach unacceptable. It con- 
siders this approach an attempt to minimize short-term costs 
but which may result in eventually limiting the ability and 
flexibility of the work force. It's concerned that workers 
could be locked into their jobs, and it believes the approach 
would narrow and depersonalize the workers. Its position is 
that knowledge of metric measurement could, but should not, 
be a consideration in awarding jobs and that consideration 
should be given to older workers who might have a more dif- 
ficult time learning the system and consequently may show 
deterioration in job performance compared to younger workers. 
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.The .AFL-CIO *has called for; spec.ia.1 'cT;ietric training. 
programs to betestablished. It,believes these: should:be , 
continuing, flexible, and,d'esigned t.o 'assure the, workers'., 
continued full.participation in the, work force with no dimin- 
ishing, o,f,-if utuce opportunities.., ':Furthermor'e, the AFL-CIO' 
believes that union apprenticeship: and training committees 
should be involved in planning and developing metric training 
programs. 1 . ._ _, 

., :;' ,! 
Our work showed .that..a relatively small~'number of work- 

er.s. have been;:affected by me.t.r.ication and .only .to, a limited 
extent';; '<In .tho,se fi:rms .where !me'tr.ic training has ,been. -.pro- 
vkded., .the'- appro8c.h of :familiariz~ing ,emplo.yees on a need-to- 
know, basi:s. has generally.be!en :.followed with -no' apparen.t o.b- 
jec.tion by. employees..* This', 'however;,:may .be. due.. to the?fact 

. . .that relatiuel'y, few~.wor~kers+~have. .been affecte'd by: metaicat?on. <. :, i, i,' ': ,' ',, ,I, ._ ' ,, i 
METRIC' TOOLS 

-,i-:, ,; 'I .,I .>i' , 
; '. : :. <-, : 

If.. metric conversion takes ~place; some workers' would need 
metric tools,;: In-:addition, some workers may require two sets 
of tools, one metric andone customary, bec'ause they could.‘be 
dealing with both;metric and customary,equipment during the 
transition period.:, However, some tools are :not measuremeht 
sens'itive. These would not .have' to be replaced:,“ 

In some cases, workers' tools are provided by the employ- 
er. In other cases, workers must purchase their own tools. 
In the, latte-r:case,. if the tools‘.are necessary. to, perform 
their 'jobs,~ they may b'e tax!deductible. The workers, how- '. 
ever, would,'cihcur some, c'os'ts in purchasing- metric tools. . :., . . . . i-. 

Labor union officials,told us that the ,workers'should 
not .bea'r any metrication costs." ,.They, have 'indicated. that the 
cost of metric tools should ;be borne b-y the: employer or the, 
Federal Government. 1ndus'try:a'nd union representatives said 
that the need for metric tools has not yet become a major area 
of concern. " : r ,. : 

. . 
Those firms that are,.met.ricating -often are providing 

their employees with,at least*part:of the metric tools re- 
quired, such as the auto industry. Some firms, as a matter 
of policy,? provide employees with necessary:,tools,'custom,ary 
or metric. The United Auto Workers has made an agreement 
with,General Motors, Chrysler Corporation, Ford' Motor Com- 
pany I and American Motors Corporation whereby the firms make 
available necessary metric tools or calibrated measuring ' 
instruments from company tool‘.cribs on a checkout'basis for 
the short or long term.. Apprentices also receive an allowance 
for metric tools. l?resentlyi,'skilled trade employees must 
provide their own customary‘tools. 



Union officials.told us that their members have not com- 
plained about this arrangement but that.only a small number 
have needed metric tools. The officials said that the tool 
crib arrangement may not be suitable as more members,need met- 
ric tools. They further stated that metric tools inay become 
a subject of future negotiations. with the auto firms. 

The Canadian Government, in March 1977, established ,a 
5-year assistance program for metric tools estimated to cost 
$40 million. The program is a.imed at employees who are re-' 
quired to provide their own measurement-sensitive tools for 

/ the performance of their duties. Eligible employees will be 
able .to be reimbursed by the Government for 50 percent ,of the 
cost of new metric tools that duplicate their- customary)tools 

'because of metric conversion,. This program,does-not apply to 
self-employed persons or those,who are -provided -tools by their 
employers. The program is effective from April 1, 1977, and 

'is to terminate on March 31, 1982. 

Union officials have stated.that (another potential metri- 
cation issue is workers' personal tools. Some workershave 
tools that are not a condition of employment but are carried 
as a personal convenience to expedite their work. Some of 
these tools may have to .be replaced but,may.n'ot be covered 
under a program such as Canada's. 

WORKER PRODUCTIVITY 

Some labor union, and industry officials-have expressed 
concern that metrication would result in decreased productiv- 
ity. Until wo-rkers are familiar with metrics, they may work 
more slowly, 1,ess surely, and therefore be less productive. 
The AFL-CIO believes that workers under piecework and other 
wage, incentives provisions may have a reduction in income be- 
cause of ,lowered productivity while the industry is converting 
and .the worker is learning a new,measurement system. 

Several industry representatives anticipated errors by 
workers because of unfamiliarity with metric. Productivity 
could,also decrease because the time required for metric 
training would be time-away from normal duties. 

OT,HER LABOR CONCERNS 

The AFL-CIO has also expressed concern that metric con- 
version could have an adverse impact on worker income and job 
security. The union believes that large conversion costs; 
employee confusion; 
increased imports; 

shortage and scheduling problems; 
equipment adjustments; and difficulty in 

interfacing, mounting, and connecting metric and customary 
equipment could increase unemployment and temporary layoffs. 
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The AFL-CIO is also concerned about its members'as tax-' 
payers and consumers. It.views metrication as an expensive 
burden on the U.S, taxpayer. Conversion costs, according to 
the AFL-CIO, would be hidden in the price of products, taxes, 
and inflationary pressure. ,The .AFL-CIO believes that con- 
sumers who weren't familiar with the metric system would be _ 
confused and could be exploited by merchants and producers. 

/ \ 

i 

\ / 
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CHAPTER 22 .: . 
: ; 

SPORADIC ACTIONS BY THE FEDERAL GOVERNMENT 

Metrication activities of Federal agencies vary widely 
with no consistent approach to them. A few,more than ha1.f of 
the 26 Federal agencies we contacted ,had or wereJ developing a 
policy on metrication, Several had or were developing spe- 
cific plans to convert. A Fe'deral interagency subcommittee 
hasbeen working on exchanging! information on common problems 
since 1975, ,but its members :are not at a-high enough level .to 
be ,effective. A higher,level interagency committee has been 
designated,? but. it has not 'met: asof" Feb.ruary. 1978. Feder-al 
agencies need to improve coordinatioh .e:fforts‘within the Fed'- 
era1 community as well as between themselves and the private 
sector. I. ',' '. -, 

c 
Some agencies have,been proceeding on their own and, in 

effect, advocating metrication, such as the Federal Highway 
Administration (see ch. 10); the" .Natio:nal Weather Service 

,(see ch.. .28), and the Department.. of .Agricultureand the Na- 
tional Bureau of Standards, which are discussed in this chap- 
ter. These individual actions seem to be inconsistent with 
the intent o,f the Metric Conversion Act of 1975; : 

Federal agencies do notragr'ee on the intent o-f the Met- 
ric Conversion' Act. Some ,believe metrication is mandatory'for 
Federal agencies, and others, say it is voluntary. We belleve 
the Congress intended that the Federal Government, through the 
mechanism of the U.S. Metric Boardr.act as a planning,.and co- 
ordinating focal poin.t for .voluntar.y conversion to the me,tric 
system without a time frame--for ,the conversion-.:: The act con- 
tains no requirement for compulsory conversion to the metric 
system and specifies that the decision to-convert'is volun- 
tary. I, 

,Guidance from the U.S. Metric Board may help Federal 
agencies focus on their roles, but the.Metric Board has no 
authority to require them to take action. Moreover, the Of- 
fice of Management and Budget needs to instruct Federal agen- 
cies that conversion is to be a voluntary decision made by the 
private sector and not by Federal agencies. (' 

Federal agencies have.no.t determined what it would cost 
to convert their operations. Officials expect that the Gov- 
ernment will gain no special benefits from metrication; how- 
ever, it is generally believed that if U.S. industry benefit- 
ed, the Government would benefit. Agencies, such as the 
Department of Defense and the General Services Administra- 
tion, do not intend to use their purchasing power to,foster 



metrication. Instead, they intend to wait.for U.S. industry 
to provide metric products. ~ ,j .' ._ I 

If the United States were to convert, a vast'array of 
laws, regulations, -and other reguirements,would have to be 
reviewed.to. ascertain the impact and,type of change. ,The 
Federal agencies,have not,determined the ext%ent ,and impact 
of 'metrication in this area. Some agencies ar'e ,consider-ing 
such studies. Because the Metric,Conv.ersion Act did not af- 
fect existing law, we'believe thetre is no need fo-r Federal.. 
agencies to.pursue metricating-existing .laws,,regulations, : 
or other requirements until .the .private sector requests such 
a change or an agency ~,can:demon.strate that the change is in-, 
the Nation!s best interest. '\ : 

'. ., : !,.? !. 
FEW POLICIES BY FEDERAL AGENCIES , _r 

The Metric C.onversion Actsof 1975.does not define the 
role'of Federal agencies in. metrication. Only the 'U.S. Met- 

k E7 
ric Board is specifically;.assigned. responsibilities under the k 

t 
act. The Board .is not to advocate metrication but,is to -assist s 
the various sectors when, and if, they choose to convert. kz E iv 

As of November 1977, 
;- 

12 of the 2.6 Federal departments o.r 
agencies we contacted had formal policies on metrication, and 
3 others were developing a policy.: Eleven others had-no pol- 
icy and were not .developing a-spolicy: Some officials said 
their agencies .were waiting for the appo-intment and actions 
of the Metric Board before developing a policy, and'others 
said' the heads of their agencies lacked interest in.a metric 
policy. In several instan.ces, agency s-uborganizations..hav'e z 
developed a metric policy and c:onversion .plans without the I~i r 
agency.estab1ishingL.a policy. 1 : 

,~.. 
We could not identify any benefit, a.dvantage, or disad- 

vantage of conversion which applies only to the Federal Gov- I 

ernment. Thus, the,need: for a policy Mary not be,-o.f specific 
importance to anagency. 

.( Many agency officia'ls'expr\essed a view th.at the Metric 
Conversion Act of.1975 was vague--on what the agencies should 
be doing. Some suggest that,.an,Executive.ord,er.by the Presi- 
dent clarifying the position of the executive branch would be 
helpfulL Others said that the Congress should clarify its 
intent on conversion. , 

Possibly the U.S. Metric Board will be able to provide 
direction for the Federal Government. Howeve-r, the Congress 
did not intend,for the Federal Government to encourage, ad'- 
vocat.e, or compel conversion, and,the, Metric Board was not 
provided with any compulsory powers. 

- 
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The Office of Management and Budget is charged with the 
responsibility of developing Federal coordinating mechanisms 
and expanding interag.ency cooperation: therefore, it, should be 
providing guidance to Federal agencies on metrication.. An Of- 
fice official said t,he'.agency had not done so because it was 
awaiting the formation of.the U.S. Metric Board. 

FEDERAL COORDINATION SPARSE 
" 

Interagency,coordination on metric conversion is strug- 
gling into existence. In June 1975 the Interagency Committee 
on Standards Policy; which is chaired by-the Department of 
Commerce, formed.a'subcommittee: ondme,tricationti known as the 
Metrication Subcommittee. The Metrication Subcommittee's 
purpose was to: exc,hange information on common,problems related 
to metrication. 

Initially, participation in the Metrication -Subcommittee 
was limited to about 10 agencies. Later,.48 other agencies 
were invited to participate. Most agencies have designated a 
representative, and 42 agencies are listed:as participating. 
In February 1976, 16 panels were organized whereby ,agencies 
with common'concerns and responsibilities could share. metric 
information. 

In early 1977 'the 16 metric panels were,dissolved in fa- 
vor of'8 divisions which covered transportation, cons-truction, 
procurement and supply, legislation and regulations, fuel .and 
power, metric practices and, preferred units, consumer affairs, 
and awareness training and ,educatio.n. Each division will de- 
velop a metrication plan, remain c,ognizant pf national trends, 
coordinate Federal activity, and,,disseminate information on 
metric activity. These divisions were still in the formative 
stages as of February 1978. 

Also, in early 1977 the MetricationSubcommitte,e's chair- 
man established an executive board because frequent meetings 
of the entire membe,rship were too difficult to manage. The 
executive board, whi.ch meetsabout monthly, has initiated most 
projects underta,ken by the Metrication Subcommittee. 

The Metrication Subcommittee meets irregularly and has 
heid only nine meetings since inception which covered primar- 
ily organization and metrication activities of agencies. Some 
members have complained that not all agencies were participa; 
ting in their activities which, in their opinion, restricts 
the Metrication Subcommittee's effectiveness. Another com- 
plaint was that the membership is comprised of personnel from 
too low a level to have any impact on their agency's policies. 
The members are mid-level managers for the most part. 

I 
; i- 
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In June 1977 the Metrication Subcommittee approved a 
model metric policy as a guide.for agencie's to,use in estab- 
lishing their policies; however, tee ,Interagency Committee on 
Standards Policy has not approved the model'as of November 
1977. The model points out that industry is expected-to take 
the lead in conversion. Further, ag.encies should be capable 
of assisting conversion in those areas which the agencies have 
an appropriate leadership role. Overall, the model points out 
that it is considered in the best interest of the agencies to 
pursue a consistent and uniform approach to conversionw 
Whether agencies will utilize this model policy. is not known.. 
Only a handful of agencies .have metric policies, and most of 
these were written before development of the model policy.; 

The Metrication Subcommittee 'has continuously been con- 
cerned with its role and position. In June 1976 ~it'recommen- 
ded establishing a separate' interagency committee on metric 
policy. A draft charter was prepared, approved by \the Inter- 
agen.cy Committee.on Standards Policy, and submitted to the 
Secretary of Commerce. After considering alternatives, of who 
should establish and head such a committee, the Secretary of 
Commerce in August 1977 polled 45 Federal departments-and‘ 
agencies on the need to establish'a high-level, interagency, 
policy committee on metrication. The Secretary suggested that 
the new committee should be established under the.Department 

,of.Commerce, and the Assistant Se-cretary for Science and Tech- 
nology would be the chairman. Essentially, 'agencies in'dicated 
that a separate,,high-level, interagency committee should be 
established. Concern was expressed that the position require- 
ments for participants were too high for'smaller agencies.‘ 
As of February 1978 about 30 agencies had designated their, 
representatives for this committee, 
held. 

but no meetings have been 
., 

Several Metrication Subcommittee members believe that the 
Metric Conversion Act says that metric conversion is mandatory 
for Federal agencies. However, not all agency members agree. 
Our interpretation of the act is that conversion is voluntary, 
even for Federal agencies. If any agency believes that it is 
in its best interest to use the metric system of measurement 
in its operations, existing legal authorities may allow this. 
The Metric Conversion.Act of 1975 does not alter an'y existing 
laws, and authority for change would be based on existing law 
or amendments sought. 

If the United States is to convert to the metric system, 
an interagency poiicymaking committee will be helpful to al- 
low a consistent Federal approach to conversion. The time it 
has taken to establish such a committee suggests a lack of 
urgency felt by most agencies, the vagueness of the Federal 

", 
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agency role in metrication, and.the voluntary nature of the 
Metric Conversion Act of 1975. : 

DEPARTMENT ,OF AGRXCULTURE i 
I 

Agriculture has opted ,to convert expeditiously at a,min- 
imum cost and with minimum disruption to ongoing programs. 

,'Agricultu.re.recognized that it must follow industries' ,lead 
except in those areas where the leadership role is in its own 
best interests. Its con.version activities have.been mostly 
internal to date and it has 'progressed .further than most other 
Federal agencies. 

In August,,1977 the Secreta-ry made the :,Director 'of;Econ- 
omits, Policy Analysis and Budget responsible.for 

.--coordination of Agriculture actions in this areaK 
I 

-:issuance,of such additional instructions as may-be 
necessary for the gujidance of Agriculture agencies, 

, 
--preparation of such reports as may be required by law 

or regulation, 

--representation of Agriculture with-other governmental 
or private organizations, and 

--appointment of a .Metric Coordinator' and other staff as 
necessary to carry outthese r!esponsibilities% 

,, In September 1977 administrative regulations were issued 
implementing Agriculture's approach to metrication and were 
based.on the interagency Metrication Subcommittee's model po- 
licy; These regulations essentially require the use of metric 
ter,minology wherever practical-in,Agriculture's operations. 
The regulations call for using the metric system except.when 
metric equipment is not available, the cost of metrication 
is significant, metrication would adversely affect scheduling, 
and metric use is not deemed in Agriculture's best interest. 

Conversion mandatory forthe 
Department of Agriculture 

.’ 

While Agriculture recognizes that conversion in the pri- 
vate sector is voluntary, it believes that conversion is man- 
datory for Federal agencies and particularly <for itself. The 
national policy is to plan and 'coordinate the increasing use 
of the metric system, and this means the Federal agencies 
must convert, according to an Agriculture official. He told 
us that the Government must set the example if the public is 
to take metrication seriously. Agriculture's mission is to 
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metricate .internal oper,ations and- to help, not push;the 
public toward metrication. , : 1 

In October 1977 Agriculture reported to the Senate Ap- 
propriations Committee on its metrication activities. In 
this report; Agriculture said that the word "voluntary" in 
the Metric Conversion Act.of 1975 was.conceived by many to 
mean that no conversion was necessary, and this ,greatly slows 
the establishment of a nationalconsensus on metrica,tion. ' 
Agriculture said that there is a.need for stronger direction 
on.metrication so groups can be brought together t\o solve 
problems. 

.Agriculture also reported to.the.Committee that the in- 
teragency Metrication Subcommittee ,had determine,d that metric 
conversion was mandatory for Government. This Subcommittee 
had never. made such a8..determination;: Subseguent,to .Agricul- 
ture's report, the Metrication Subcommittee entertained making 
such a .determination. However; itdete,rmined that the 'Metric 
Conversion Act :of 1975 meantthat Federal agencies s-hall plan 
and coordinate increasing metrication, and one of the ways of 
accomplishing the objective is through each agency converting 
its own activities. :.. 

The-Department of Agriculture ris.. ( j. 
leading the way in selected are,as' 

An Agriculture me,tric coordinator has beenappointed and 
coordinators for suborganizations,have been designated. Agri- 
culture acknowledges that some actions by others must proceed 

.before it can convert all its activities. 
regulations, 

For example, laws, 
and reporting habits of other. Federal agencie.s 

must.be changed.as a prelude to Agriculture's conversion. 
Rowever, most organizations within Agriculture have started 
metrication activities. According to"an Agriculture official, 
the majority of conversions are soft, as Will betmost future 
conversions. 

Below are some 'examples of conversion and planning activ- 
ities within Agriculture. As can be seen/from the following 
information provided by Agriculture, those organizations in- 
volved with science and international trade are moving more 
rapidly than the more domestic or less scientific areas. 
However, some domestic programs are being converted., 

Research and education 

--Agricultural Research and Cooperative State Research 
Services Were largely converted several years'ago. 

I- Further conversion is being studied.' 

- 
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--Extension Service is an, educational organizationwith 
the fa,rmer as the target. Metric publishing .is under- 
way,for articles and.handbooks from several schools. 
Home publications and,slide sets are being planned in 
metric., National 4-H materials will have,dual units 
and will have-metric teaching guides. Universities 
are,being encouraged to use metric, in all Extension 
publications and releases. 

--The Foreign Agricultural Service changed all reporting 
and information programs to metric units in 1976. 

--The Economic Research Service:has changed to reporting 
all foreign data in-metric units. The practice of 
showing dual dimensions was phased out in 1977. Ocean 
freight information now is metric. Most long-range 
projections will now be published in.metric units or 
accompanied by metric conversion factors. 

--The Farmer\ Cooperative Service says that all future 
international trade statistics will be in metric units. 
Publications on commodities which ar'einternationally 
traded are to be metric or show dual units. 

Farm programs and land use 

--Agricultural Stabilization and Conservation Service 
says that metric units are used in.purchases for the 
Food for Peace program. A study is underway to use 
the metric system on 1978 crop programs subject, to t- 

,legislative restrictions. Domestic food programs.will 
be metric. Land area allotments for crop plantings, 
will be in metric ,terms, and price support computa- 
tions will be determined using metric terms. 

i 
--Food Safety and Quality Serv,ice now is using dual spe- 

cifications for ground beef for school lunches. Some 
farm bulk-milk storage tanks reports are in metric 
units. Annual seed price tables, are,metric. New grade 
standards for fruits and vegetables will include metric 
units. 

--Animal and Plant Health Inspection has accomplished 
substantial amounts of conversions. A hearing for 
using metric units for labeling in Federal Meat and 
Poultry Inspection Programs was conducted. The 1978 
title 9 of the Code of Federal Regulations--Animals 
and Animal Products-- is dual while the 1979 version is 
to be metric only. 

- 
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In June 1977 the American Farm Rureau Federation,- which 
is a federation of farm)bureaus in 49 States and Puerto Rico, 

u asked Agricuiture to formulate'a policy on conversion for the 
private agriculture sector. ,Also, the American Nat,ionalsMetric 
Councilhas sought Agriculture's'leadership'in organizing the 
private'farm sector's metric activities. However, Agric,ulture 
has declined these reguests because itspolicy':precludes its' 
personnel from chairing meetings to convert the private set- 
tor, butallows participation in such meetings. 

..,' ,' : . 
To help info-rm the public of the metric system, Agricul- 

ture is planning to print both customary and metric units in 
its most popular publications.beginning ,in'July 19,78;, About 
15 publications'will be af,fec-ted; we,were informed..- Agricul- 
ture tiill not be converting its major domestic .information 
programs br.technical,publications at,that time. According 
to an official, Agricu'1tur.e will w,ait for public ‘reaction be- 
fore converting additional programs or public.ations. 

Public reaction -/, 
,.; . 

.Most of:Ag-riculture's activities in me.trication have'been 
internal thus far. In May 1977 Agriculture solicited comments 
from the public on a proposal to use metric units onlabels 
for meat and poultry. Its notice in the,!'Fed;er.al:,Register" 
stated that because use of the metric system by the private 
sector is voluntary, neither .regulatory action can be taken 
to require its, use nor.should :action be taken to inhibit vol- 
untary conversioh by industry; The notice recognized the 
present limited use,.of the.metric system in'this country and 
suggested that a long period of limited or dual use may be 
necessary, to acguaint the general,public with the metric sys- 
tem. The- notice pointed out that the labels of many food 
i terns, including meat and poultry products, already have dual 
weight declarations with customary units shown first and met- 
ric units in oarentheses. 

The public response was mostly negative. Only 25 percent 
of the responses could be construed to be favorable. About 63 
percent were opposed to metrication, and. the remaining 12 per- 
cent indicated basic opposition to metric usage but a willing- 
ness to. accept dual-dimensioned labeling if metrication were 
necessary. However, according to an Agriculture official, 
Agriculture was not asking whether to convert, but how to im- ' 
plement the change to minimize consumer confusion. 

Cost and timing of conversion 

The cost of conversion is unknown at this time, according 
to an Agriculture official. No metrication cost study has 
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been conducted, and none are.planned. Organizations are 
expected to abso,rb the,costs in their budgets, 

.There is, no,sens,e of .urgency for conversion, but the 
sooner the better was the opinion of Agriculture's metric co- 
ordinator; The pace of conversion will depend, to a great 
extent, on activities outside Agriculture. Agriculture es- 
timated, however, that internally it could be converted with- 
in 5 yearsi 

Anticipated.. problems 

Laws and regulations, as well as reporting requirements; 
of,various other agencies may cause problems., An official 
particularly iden.tified the.inspection and grading system and ' 
the packaging and la.beling- requicements a.spotential problem,. 
areas. : T,he United.St!ates Code and the Code of ,Federal Regu-' 
lations -also have numerous sections making reference to cus.- 
tomary units. Each Agriculture organization has been in- 
structed to study these problems while developing timetables 
for conversion. 

According to an official, when Agriculture requests met- 
ric information from the farmers, only that information will 
have to be in metric units. 
cate their whole operations. 

Farmers will not have to metri-, 
, 

DEPARTMENT OF COMMERCE 

The Secretary of Commerce has the responsibility of in- 
terpr,eting and modifying the International System of Units 
for use in the United States. 
Commerce, 

Also, NBS, an agency of the 
conducted a study of the use of the metric system 

and issued the 1971 report, "A Metric America, A Decision 
Whose Time Has Come,'" which is discussed in- chapter 1. .Accor- 
dingly,. some groups perceive Commerce to,be the Government-'s 
lead agency for metrication. Overall, however, relatively 
little metric activity has taken place at Commerce; most ac- 
tivity is concentrated in a few of 'its agencies--the National 
Weather Service, 'NBS, and the Patent and Trademark Office. 
Commerce has not published an overall metric policy. 
it has produced a handbook for U.S. 

However, 
exporters on metric laws 

and practices in international tr.ade. 

NBS 

NBS is the Nation's caretaker for measurement standards. 
It maintains a comp.lete and consistent system of.physical mea- 
surement for reliable reference. Its overall goal is to 
strengthen and promote the Nation's science and te&nology for . 
the public's'benefit. 
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S,ince 1974 NBS metric policy has been to encourage and 
lead' national usage,of the metric system. Its internal,guide- 
lines call for NBS publications to use metric terms exceot in 
those instances where the reader would not be familiar with 
the terms. However; its personnel are encouraged to famil- 
iarize readers'with the metric terms to promote public under- 
standing and encourage people to think in metric terms. The 
guidelines state that the transition period to the predominant 
use of the metric system is not sharplydefined, and NBS lead- 
ership in the national transition will be more effective if 
the transition within NBS is as complete and as rapid as 'pas- 
sible. 

The principal metric activities at NBS include providing 
information'to the public and supporting activitie's of organ- 
izations, such as the American Nation'al Metric Council and' 
the National Conference on Weights and 'Measures. Additional 
NBS metrication activities are discussed throughout,this re- 
port. 

The Patent and Trademark Office 
I 

;--. 
c- :1 

In July 1974 ,the Commissioner of Patents issued a notice 
stating that patent applicants are st,rongly encouraged. to use 
either SI uhits only ,or dual units when describing their in-, 
ventions. The notice said that metric use was not mand'a-tory 
at that time, but the request was made as part of a long-range 
program for conversion being conducted by the Federal.Govern- 
ment. 

Further, metrication activity within the Patent Office 
was given impetus by the Patent Cooperation Treaty of 1970.' 
This treaty, signed by 35 countries and ratified by the United 
States in 1975, offers improved international protection of 
inventions. It calls for the use of metric units in applica- 
tion for' international patents. According to a Patent Office 
official, the requirements of this Treaty will not create any 
great problems for the Office. Of the some 100,000 annual 
patent applications handled by the Office, only 12,000 would 
come under this treaty. 

Although the treaty calls for the use of metric units, 
it does not specify that they be SI metric units. Also, it 
requires temperature to be recorded in centigrade,rather than 
Celsius, the SI term. 

The treaty also calls for international patent submis- 
sions to be on a specific metric size paper referred to as 
the A4 size. This paper size $4 larger than the normal U.S. 
letter size. (See ch. 19.) The treaty allows each country 
to receive initial applications on any size paper but requires 

.- 
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the, above sized paper for applications transmitted to the .in- 
ternational patent organization. 

:- A Patent Office official told us that they.expect the 
metri.c paper size will be available from commercial sources 
or the General Services Administration. However, the Office 
has. not pursued this to any great extent. 

The Office will reproduce applications on the interna- 
tional size,paper for a fee. However, because most patents 
are processed through attorneys specializing in these appli- 
cations, the Office expects the transition to the new paper. 
size to be 'smooth. .I 

DEPARTMENT OF DEFENSE 

The Department of Defense has a formal metrication policy 
directive, dated December 10, 1976, which favors an increased 
use of metric units and metric products for Defense.and the* 
individual services. The impact this directive will have on 
actual Defense metrication is difficult to predict at this 
time. The policy allows a wide latitude,of judgment and dis- 
cretion in decisions 'on whether or not to go metric on a par- 
ticular project. Much will depend on the, individual project 
manag'ers who must justify the use or non-use of the metric 
system in theirparticular projects. ,:. 

Defense has used metric measurements in selected activ- 
ities for many years,. These activities in the past centered 
around improving interchangeability of parts and supplies and 
commonality of operating procedures, particularly with our 
allies. These activities have led to metric-dimensioned ar- 
tillery and small-arms ammunition and tactical maps. I 

Defense has recently taken a few tentative steps toward 
greater use of the metric system. There are several current 
projects which involve the use of metric/units in design a.nd. 
production. These projects are mainly hybrid--a combination 
of metric and customary components. 

Defense's December 10, 1976, metric policy states that 
many Defense-related industries have converted or are planning 
conversion, and Defense must be in a position to accept this 
conversion,with minimum cost and disruptionof operations. 
It further states that industry will generally lead the con- 
version process, and Defense will follow whenever it is tech- 
nically and economically practicable. It requires in the L 
review of projects that the-use/non-use of metric units o'f 
measurement be addresse.d and,additional justification be sub- 
mitted if metric usage is not specified. According to an, 
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official, the suitability.of metrication must be.judged on a 
project basis because each project has unique features. 

A Defense official informed us that there is nothing in 
the Metric Conversion Act of 1975 which would disallow,or con- 
strain Defense from taking a leading role in.th'e conversion 
process. However, the current directive emphasizes a strategy 
of following industry. ' 

Defense.1ook.s to metrication to help foster standardiz- 
ation with our allies to "promote interchangeability and in- 
teroperability, facilitate joint military production programs, 
and simplify supply operations." Finally, it,considers met- 
ric usage especially appropriate in the design of new equip- 
ment. / 

Comments from,officials in the individual services mirror 
the Defense stance on not leading.the conversion process but 
staying.in step with industry. They want to avoid moving.too 

.fast. 

Varying degr.ees of metric activity 

Although the:ejttent of metric activity varies with the 
services and individual projects, metrication at Defense con- 
sists essentially of coordinating and planning wit,h-relatively 
few actual metric projects. 

In the area of coordination and planning,, Defense estab- 
lished a metrication panel in 1974 consisting of the armed 
services and selected, Defense organizations to develop a rec- 
ommended approach for the conversion of specifications and 
standards. Defense also maintains memberships in a number of 
private sector groups involved in metrication, such as ANMC, 
Society of Automotive Engineers, and the Aerospace Industries 
Association. It maintains liaison with other Government agen- 
cies through the Metrication.Subcommittee of the Interagency 
Committee on Standards Policy. Each service has its own 
metric coordinator who acts as a focal point for metric. in- 
formation. 

Standards development 

One metric activity in which Defense is engaged is the 
development of metric engineering standards suitable for De- 
fense projects. Activities in this area include preoaring a 
guide for using metrics in standards, processing a military 
specification on the general requirements for metric machinery 
and developing a standard on the use of metrics in new de- 
signs. In add.ition, Defense, in cooperation with ANMC, is 
developing a computer-aided system to trail the conversion 

22-12 



of some high priority standards. Defense would prefer 'to re- ' 
duce its involvement in standards writing and rely more on the 
priva.te sector, but it will continue to be involved in some' 
standards development;. Standards are. discusseds.in more de- 
tail-in chapter 6. .: 1 

.'/ 
Army \ 

The Army has used metrics in mapping as early as 1947, 
and since 1961'the.,Army's artiliery.school had-revised all of 
its lesson plans used in field.artillery courses to. reflect 
metric changes. .., : (4. -: 

.!. .' b :.,. ,, :' c ,. .,I, 
The Army is ,currently work-ing-,on a,long-range metric plan 

which is much broader in scope than just specifications ,and. 
standards. It also hi'r,ed a consultant to "get the pulse" of ' 
industry; obtain information on f.oreign ,exper'iences, and dev- 
,elop a p.roposal,fora long range plan for Army conver'siion. 
Plans and projected budgets are also,being prepared for 'the 
metrication of spe'cific'ations and stand.ards., / '_.. 

I 1A. .-, '2. 
The-Army,,has a n'umber,of-metric pro.jects involving'mis-. 

siles and rockets. The Missile Command solicited bids for a 
new lightweight rocket launcher and speciEied,that the system 
be designed, built, and documented using metric units. A con- 
tract has been. awar'd-'ed for the helicopter-mounted Hellfire 
missile with,the instruction that all'new components and sys- 
tems be-designed in metric units, ' 

> , 
The third and most invo,lved project is'the Roland? 

surface-to-air.,missile: Its:.bas'ic design"W's develo'ped joint- 
ly by, France and Germany and sold to the United States for do- 
mestic,'broduction.' It is an example 0.f U.S. willingness to 
increase standardization‘of equ'ibment'with its No'rth Atlantic 
Treaty Organization'(NAT0) allies,; 
turer; 

According to the manufac- 
'they have encountered developmental problems-stemming 

mostly'from language, translation ,and noncompatible engineering 
practices rather than from measurement units.used. The prob- 
lem'is standardization, not metrication. 

Air Force 

The A,ir.Force reported no metric projects. However, it 
is requiring, by regulation", that its buying agen‘cies;'o-utline 
the impact of metrication on' their.purchases. A judgment will 
be made on the merits-of metrication for each proposed pur- 
chase. 
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Navy 

The major metric project for the Navy.is the.Patrol Hy- 
drofoil Missileship. There are no other ships 
sign in production or on,the drawing boards. 

of metr-ic,de- 
Metr.ication for 

a new landing ship was considered but rejected. We were,in- 
formed that other factors outweighed the metric-versus-cus- 
tomary issues. 

The Hydrofoil is a hybrid pro-ject containing both.metric 
and customary,parts. Those items of metric: design include: 
the physical description, 
draw'ings, fasteners, 

performance characteristics, design 
and all testing analyses except fluid 

power. Nonmetric ;items include off-the-shelf items, such as 
bilge pumps, compressors, and engines. _: 

I Fasteners fo,r the Hyd-rofoil prototype were mostly Gernan 
standard metric,:fa!steners because they were.readily available 
and U.S. metric fasteners were not readily available. The 
German standard fastene,rs were not.adequate in all cases s,o ' 
the manufacturer developed some special metric fasteners and 
internal company engineering standards for the fasteners. 

‘, 

Standardization in NATO . . 

,The Department of Defense policy cites metrication as a‘ 
way to help foster standardization with our allies. This is 
one way of increasing standardization and, as noted previous- 
ly, has been used in tactical maps and in weapons and ammun- 
ition design. However, facto;rs other than the measurement 
unit must be addressed before standardization canbe achieved. 

The, p,roblems 'of. stand'ardization, within NATO.,ar.e the re- 
sult of a multiplicity of research development and production 
problems. It is generally acknowledged ,th,at political,'.eco-- 
nomic, and social conditions often take, priority:over stani 
dardization efforts.,L/ Nonmilitary factors! such, as'infla- 
tion, unemployment, balance-of-payments, an,d the maintenance- 
of a strong industrial capability, must be considered. Thus, 
in our opinion, even if the world was metric today, NATO would 
still have standardization problems. 

In our January 1978 report on NATO standardization, we 
concluded that overcoming..the impediments to greater standard- 
ization in NATO will require significant departures from .pres- 
ent practices in acquiring weapon systems--the principal 

A/"Standardization in NATO: Improving The Effectiveness and 
Economy of Mutual Defense Efforts," PSAD-78-2, Jan. 19, 1978. 
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impediment being the consideration of newly proposed systems 1 
in terms of national,rather than international needs. Yet it 
is logical that if all countries are to agree to adopt common 
weapon systems for their militaries, economic and political 
problems of each will have to be acknowledged and accommoda- 
ted. Thus, standardization is not likely to be achieved with- 
out statesmen-like compromises; 

Inventory 

>-it is estimated that Defense has about 4 million differ- 
ent items in its inventory.. According to officials,'this 
number will be significa,ntly increased,duringLthe tr.ansition 
phase of metrication, but the total should eventually'decrease 
once the customary items are eased out of the system. 

One of the major difficulties with the metrication.of De- 
fense inventories is the presence of existing customary items 
with long life cycles. An aircraft or tank can.last 20 to.30 
years. If new metric items are purch,ased, a,dual inventory 
will have to be maintained until the customary items are re- 
moved.from the inventory. 

.) 
According to a Defense official, the private sector con- 

trols much of what goes into the Defense supply system and in- 
ventory. Except for military hardware, such as tanks, ships; 
and fighter aircraft, Defense seldom buys sufficient quanti- 
ties of a product to control that market or tell the manufac- 
turer.what parts the.product shall contain. Defense buys \ 
common items, such as light bulbs, electric fans, air condi- 
tioners, or automobiles, "off-the-shelf." That is, Defense 
buys what is commercially available.' 

According to Defense officials, the nature of these off- 
the-shelf items depends on decisions made in the private sec- 
tor. The development of new metric standards and the intro- 
duction of new metric products-will be the result of thousands 
of individual decisions in' the private sector. If the private 

,sector does not exercise constraint, proliferation of metric 
parts in the Defense supply system could result. 

costs \ 

There have been no recent attempts to estimate the costs 
for metricating the Department of Defense. For the 1971 NBS 
metrication report, Defense estimated that its metrication 
would cost $18 billion. The conversion was envisioned- to take 
place in 30 years, and 75 percent of the $18-billion price tag 
would accrue during the first 10 years. 
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No Defense official- would attest to the validity and 
accuracy of the $18.billionestimate. Comments on.this es- 
timate ranged from.J!it may or-may not be accurate,".to "the 

.subject is complex,and we are not really:confident of any.8 
cost estimates."... >. : 

.' 
There,was some agreement on.the fact that while the 1971 

Le. in :& ..~ 
estimate of $18 billion was a large sum of money, it was to be 
spread in varying amounts over a period of 30 years thus..the i--: 
effect on the annual budget would be minimal. For instance, r-y I e-4 
the.:Army estimated a total 30-year,metrication cost ofiS4.4 
billion but pointed out~in a report that even in the peak-cost 
ye,ars, the total increase would be lesstthan 2 percent o-f the 
annual budget.‘ " _;. .. ,,. _. -' ., 

: : * .,/ . . 
An Army followup study in 19.73 emphasized thatthis $18 

billio,n.~estimate~assumed a conversion'process where Defense 
wasmetr-icating in conjunction with a national conversion pro- 
gram. Ifi for some..reason,~ Defense leads the conversion pro- 
cess., the costs will increase. 

The #Navy Metr'ication Group attempted to develop an over- 
all funding profile for Navy metrication but met with no suc- 
cess. Some groups used the estimates.prepared for the 1971 
NBS report ,as their base figures and increased them to correct 
for present values.. -Others used the 1971,estimates as the. . 
base figures and then decreased them because of.reports.which‘ 
indicate actual costs are.seldom as high as an,ticipated, or 
projected, costs. And others indicated.,the;s.ituation was too 
‘fluid%and.uncertain to make a useful,estima,te. The. Metrica- 
tion Group,abandoned its efforts' for a'noverall estimate and 
has left it up to each functional area'to estimate the costs 
in its own local budget process. (. ., ., ., 

Estimating costs on individual projects, is also diffi- 
cult. One Defense spokesmansaid that estimates of increased 

-costs due.to metrication.ranged,from 6 to 18'percent. ,,One 
,project manager reported a range-of 3 to 30'percent: 

. . 
Defense and industry officials believe metrication will 

involve additional costs in Defense programs, ,but there is no 
consensus on exactly how much it will cost or how those costs 
should be apportioned. One major question is whether aL par- 
ticular metrication cost is a current expense to be charged 
directly to a current project or whether that expense might 
be'a capital investment to be amortized, over atspan of time, 
against many projects. Defense, of course, 
latter to minimize current costs, 

would opt for the 
and industry would choose' 

the former to recover expenses as soon as possible. 
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Benefits ' 

According to Defense officials, the benefits of a hard 
conversion are rationalization of parts and standards, stan- 
dardization, and interchangeability. 
important to Defense commitments, 

These goals are v.ery 
especially in our dealings 

with NATO. However,- one Defense.official said that he sub- 
scribed to the basic theory that metrication offered the op- 
portunity to increase standardization and reduce costs but 
that these were ongoing programs within the Defense Depart- 
ment anyway. Metrication is not the sought-after end; it is 
a means to an end, but not an essential one. 

DEPARTMENT OF ENERGY " 

The Depa-rtment of Energy was established during the 
course of our review. According to an official, the Depart- 
ment'has not yet formally appointed',a metric, coordinator.' 
The metric coordinator of the'Energy.Research and Development 
Administration, which.was absorbed into the Department, is 
acting in this position. He informed us that a policy on 
metrication is being prepared which is similar <to the model 
policy of the interagency Metrication Subcommittee. However, 
he could not estimate when the policy would be completed. 

DEPARTMENT OF THE INTERIOR 

The Department of the Interior issued a manual in June 
1975 which set forth its general policies and requirements 
for administering its metric conversion program. The policy 
statement poin'ted out the need for Inter,ior to recognize that 
the country is converting to the metric system and to respond 
to this change. The policy assumed that the country would be 
sperating in an essentially metric environment within 5 years; 
that is, by 1980. 

.While the 1975 policy called for a d-epartmentalmetric 
coordinator and a metric coordinator for each suborganization, 
these coordinators neither met as a group nor recorded minutes 
or memoranda of discussions. 

Interior revised its metrication policy in January 1978. 
The new policy establishes a metric conversion committee. The 
committee is c,omprised of a metric conversion officer from 
each of the suborganizations and is chaired by a departmental 
metric conversion officer. The revised policy deleted the 
reference to the 5-year time frame for conversion and'was ex- 
panded to provide metric planning and detailed reporting. The 
new metric conversion committee helld its first meeting in 
April 1978. 
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An Interior official characterized Interior's policy.as 
positive on metrication. He said its policy-will be.to move 
ahead in planning for metrication. 

Act'ivities 
I 

'L 
According to an Interior official, metrication has not 

been a high-priority item, but there has been some metric ac- 
tivity within Interior and this has varied by organization. 
The Park Service,shows both customary and metric units on 
some maps and speed limit signs in its parks. Also, it has 
marked some trails with dual dimensions. On the other hand, 
the Mining Enforcement and Safety Administration (now part 
of the Department of Labor) is very reluctant to move. It 
uses only customary units of measure and does not plan to 
convert until the mining industry is ready. The U.S. Geo- ' 
logical Survey is planning to convert its maps (s,ee ch. 20), 
and the. Bureau of Re,clamation has issued a metric practice 
guide. Also, the Bureau-of Recl,amation has required metric 
use in some construction contracts. (See ch. 16.) 

Interior's metric coordinator participates in the inter- 
'agency Metrication Subcommittee. 

Legislation which is measurement sensitive, or contains 
many references to measurement, may pose some problems for 
Interior in its conversion. Some Interior organizations, 
such as the.Bureau of Land Management and the Bureau of Rec- 
lamation, have their activities tied to laws which cite only 
customary units of measure. There has been no effort at In- 
terior to identify the legislationor work on solutions. 

According to an official, Interior is not approaching 
conversion from the standpoint of itsown benefits--the bene- 
fits to Interior are tied to those of the Nation. If the Na- 
tion converts, Interior must convert. Interior's various of- 
fices and bureaus will have to allow for metrication costs in 
their normal programing, and budgeting actions. No cost stud- ' 
ies have been undertaken. 

DEPARTMENT OF LABOR 

Labor neither has a departmentw‘ide metric policy nor any 
departmentwide metric activities planned or ongoing, according 
to an official. Labor does not perceive that it is under any 
pressure to, convert, and one official foresees no advantage 
for labor in metrication. A metric coordinator has been des- 
ignated for participating with the interagency Metrication 
Subcommittee. We identified one subagency--the Occupational 
Safety and Health Administration-- where some metric activity 
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In January 1.97.7 the Occupational Safety and Heal,th 
Administration prepared a metric policy which called for soft 
conversions only. Under this policy, all its new or revised 
regulations would show the metric equivalents parenthetically 
behind the,customary units, unless'the measurement unit was 
already a metric unit. According to an-official, nearly 90' 
percent of the units in the health regulations are already 
expressed in metric units. 
SI metric units. 

He did not know whether they are 
The policy, therefore, applies primarily to 

the safety regulations. 

Soft conversion is the only type of conversion which the 
Occupational Safety,-and Health Administration could follow at 
this time, according to an off,icial. Hard conversion would 
cause problems because products‘and~materialsdescribed in 
rounded metricunits are not necessarily available in the. 
marketplace.' 

As of September 1977 the Occupational Safety and Health 
Administration had not published new OK revised regulations 
incorporating the metric policy. Proposed regulations with 
soft conversions had been distributed for review and comment 
outside Government, and no negative reaction had been re- 
ceived , we we,re told. 

The. impetus for convert.ing the regulations is the Occu- 
pational Safety and Health Administration's awareness of the 
U.S. movement to the metric system, we were informed, rather 
than any perceived advantages. 

F 
c: 

DEPARTMENT OF TRANSPORTATION 

Transportation's policy is to pursue and promote an or- 
derly changeover to the metric system. Its policy recognizes 
that the conversion will be evolutionary, and industry will 
set the pace for changeover. It will strive to tailor its 
conversion requirements and procedures to minimize cost to 
industries. Each organization within Transportation has 
been instructed to develop conversion guidelines in its area 
of responsibility and make them available to industry. (For 
more discussion on aviation activities, see ch. i5; highways, 
ch. 10; and water transport, ch. 10.) 

DEPARTMENT OF STATE 

Metrication, according to an official, is not a major is- 
sue at State because (1) the Metric Conversion Act prescribes 
no mandates, (2) gqvernmental activity is being handled at a 
relatively low level-- subcommittee of the Interagency Commit- 
tee on Standards Policy, and (3) State perceiv,es a lack of 
executive emphasis since the Metric board,had not been 
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appointed and the President has not issued an ,Executive 
order on metrication. 

The cost of conversion would-be minimal and concentrated 
in education and training, according to a State.official, It 
has people sta-tioned worldwide; therefore, metric terms are 
not new to most personnel,. the official sa-id. 

<POSTAL SERVICE, i -. F 
$2; 

The Postal Service considers itself to be in an awareness 
and preplanning stage. It has formed a metrication group and 
issued a policy statement. .The policy restates the national 
policy of coord,inatingaand planning the increasing use of the 
metric system on a voluntary basis. It calls for participa- 
tion in Federal coordination activities, developing a plan 
for using the metric system, and implementing the plan-in 
such a manner as to reflect a leadership role. The policy 
enunciates that a rule -of reason wili apply and that adoption 
of the metric system will occur on a schedule compatible with 
the voluntary conversion actions of its customers. 

Acco,rding to an' official, conversion should be a hard 
conversion and it should be planned and scheduled. The Post- 
al Service believes that it should be in step with industry's 
conversion and, while it is not oppose,d to conversion, be-' 
lieves that conversion should, be orderly and(timely. 

Anticipated problems 

Rates and regulations are based on weight'and other mea- 
surements. For example, the postage rate for first class let- 
ters is 15 cents for the first .ounce and 13 cents per ounce \ 
thereafter, and for fourth class mail (packages) the upper 
limits are 70 pounds and 100 inches of combined length plus 
girth. Conversion of these measurements to metric units would 
create some pr‘oblems for the Postal Service and the public. 

One area of concern to the Postal Service is the estab- 
lishing metric base rates for, mail. The current base weight 
for first-class mail is 1 ounce which is equal to about 28 
grams. Thus, the problem liesin selecting a rounded base 
weight. Other countries use 20, 25, or 30 grams as the base 
weight for first-class mail. Canada has decided to,use 30 
grams. A spokesperson explained that the Postal Service is 
closely watching the Canadian experience'to learn as much as 
possible. 

:.- 

The Postal Rate Commission, which is independent of the 
Postal Service, would have to recommend the metric base weight 
and any adjustment to the cost of postage, we were informed. 
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The /Postal Service. would then have the chore ofin.forming the 
public of the new basses. A Service official told us.that the 
conversion should occur on a specific da-te--similar to a 
postal rate change.' .,, ' 

/ / 
Another problem, fork both'the Postal Service' and" the 

public, will be ,acguiring metric scales or in'converting,'ex- 
isting scales to show metric we,ights. Nearly one-half 0.f.. the 
Postal Service's customers weigh their, own mailW'I - 

.The Postal--Service has some 240,000,postal scales of 
various types., As mentioned in' chapter 9, scales can be mod- 
ified or converted;.-to;,show metric we-ights. .:The! @as,t$'l Serdike 
does not have an estimate on the cost of scale conversion but 
is considering a study.' . . ; : ::.,, . - 

Besides the -Postal ServiceI‘s scales, postage scales used 
by busine'sses and inst-itutions would also 'have-, to. be conver-'- 
ted." ' The Postal Service does not have any means to,e'stimate, 
the cost to its customers to ma'ke the conversion; ' : 0, 

'-The Postal Service has obtained estimates of'.the cost to 
convert similar scales from the- Canadian postal service;; For 
example., the cost to convert a. Parcel Post Beam scale?'ranges 
from $-80 to $125. HotrJever'-., 'the Postal Service d,id not" kno'w !, 
'how many- sc'ale's~ of this type. are in use. An inventory' ofs,th'e 
various types of scales used was in process. '!“. .: ; ,. i, ; i. 
GENERAL- SERVICES ADM,INISTRATION' 

:I 
.' ,. s., : ,: 

The Genera:1 Services Administration is the landlord, de- 
partment store, “and supplier for the"Federa1 Government:; That 
is, it supervises construction, operates and maintains most of 
the Federal buildings, and purchases and s'tocks much of 'the, 
materials used by Federal agencies. 

.;'_\'. .. 
Although General Services does not have a formal metrica- 

tion policy, a November. 1976 internal policy statement says 
that (1) it endorse's conversion but will not leadT)and (2:) .i.t 
will comply with the Metric Conversion Act-of- 1975 and work-,: 
closely with the U.S. Metric Board, private industry,. and .the 
Federal interagency committee on metrication. 'General Ser-.,', 
vices will not'use its purchasing pokier to encourage.'conver-' 
sion, because to do so would'conflict with the‘ policy to fol- 
low industry. 

According to a General Services o:fficial, the,Metric Con- 
version Act does not provide direction to the Federal'agencies 
on what they should be doing. If the U.S. Metric Board gets 
wing I or an Executive order is issued delineating the .role 'of 
the Federal Government, then General Services,.may become more 
active in metrication, we were told. 

! i 
i. 
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Metric activity at General Ser-vices has been limited. A 
metric task force was established in 1975 and met quarterly 
until 1977,-when these meetings were replaced with occasional 
telephone calls. General Services Federal Supply Service's 
metric group met monthly until 1977, but no longer meets. 
Its Public Building Service position is to follow.the con- 
struction industry; (See ch:16.) In 1976 General Services 
produced a metric awareness film, but interest in metrics 
has waned, and the film has been viewed by very few people.. 

We were tqld General Services participates as an observer 
on the interagency Metrication Subcommittee ‘which is trying 
to set the..direction of the Federal Government. 

. 
Cost of going metric 

E -  1 
:< 

General Services has conducted,no, studies,on the cost of 
going metric,because, according to an official, there are too 
many variables be~yond its control. One important variable-is 
the nature and timing of industry's conversion. 

An official did not believe there, would be any added cost 
to,buy metric items if they are available. For example:, Gen- 
eral Services has routinely bought metric labqratory glassware 
for F'ederal agencies, and this glassware is readily avail.able. 

.Al,so., since 1975 metric hand tools have' been listed in General 
Services' Federal Supply Catalog. These tools are c,ommer.cially 
available items and during the last fiscal year, General Ser- 
vices bought $180,000 worth of these tools: 

The average cost to add a new item--metric or customary-- m 
, ,',to, General Services' inventory is about $4,200 if the item is 

E : 
commercially available. If a Federal specification must be 
written, th,e cost is increased by about $3,500. 

Disadvantages/advantages 

A .General Services official cited several problems from 
metric conversion, such as the need to carry dual inventories 
during the transition period, conduct training programs, ad- 
just,records and regulations, and replace some tools. General 
Services, recognized these activities would cost something, but 
it did notknow how much. Another problem would be in,conve.r- 
ting the Federal specifications to me-tric units. _ 

Of the 4,500 Federal specifications, some 1,200 to 1,300 
already have hard metric references. The official said Gen- 
eral Services prefers not to show dual units or soft convert 
the specifications. Metric units will be added to the Federal 
specifications, if appropriate, during the regular updating. 
.No timetable exists for converting any specifications. 
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The only ,:advantage of metrication seen ,by the official 
is the possible eventual reduction:: of.inventory and the re,- ' 
duction of duplicative manufacturing standards which may lead 
to8reduced cost o.f operations. '_ 

.I ,, .i .- .' 
ENVIRONMENTAL PROTECTION AGENCY I 

., ., : '._ 
The Agency did not have a~,metric policy on conversion,,as 

of April 1977. However, in January 1973 a memorandum, signed 
by the Deputy Administrator to the managerial levels instruc- 
ted the Agency'to use metric units in standards, reports; and 
other documents'it"is,sued; Equivalent units were to be .a'l-' 
lowed whenever desireable' in 'parentheses< 1 However, an offi- 

,- cial doubted that many per'sonnel 'a-re aware of this. memor.and,um. 
:, : '. / ..,, -: 

Measurement units used by the Environmental, Protection 
Agency are a',mixed-bag." For ,examplei-*some pollutants a-re 
measured' in,metric units (g.rains)', but pipe sizes,' construc- 
tionmeasurements, 
(inches, 

and*&ter, metering 
feet.;' and' gallons:),. .' 

are -in customary 'units- 
.For automobile emmissionsj pol- 

lutants are measured in grams: per 'mile. ," '. ' 

The Agency is faced %ith ,the scientific- and the general- 
use'dilemma: Scientists use the'metric system ;while- U.S 
dustry: traditionally uses,'customary measures. For scien;ik:c *- . 
and technicallz publications, the Agency'smahual requires'all, 
units used to be in SI' terms, 
the project.,officer.' 

unless specified otherwise by 
The,manual order is dated, May.1974'. 

: 
Essentially, the Agency pr'efers metric use whenever pos- 

sible,, according to an official. In the scientific and, tech- 
nical area, Agency personnel are highly trained and work with 
SI units a great deal. 
tion is mixed. 

In the'engineering.areas;-the situa- 
For example, sanitary engineers work with the 

construction 'industry and.consequently do not use metric units 
to any grea.t- exten,t. ' ', / ,. ,-' 

I : L'. . . 
'According :to an'official, the Agency has "no 'directions ' 

as to what itis supposed to do about metrication, and'metri- 
cation is of low priority. The Agency would 'be in a better 
position to tell industry what the requirements are if it had 
some. gu'idance from the President or the Congress. The Agency 
performs better under mandates than under a 'voluntary system, 
in ths.opinion of an official. . 

NATIONAL 'AERONAUTICS AND' SPACE ADMINISTRATION ' 

According to an official, the National Aeronautics and 
Space 'Administration has not developed a formal policy; al- 
though a proposed policy has been inprocess 'for more than a 

I 
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year. In essence, its position is generally to keep ,pace with 
industry,and the Department..of, Defense. 

According to officials, 
1 )‘, 

soft conversion .would take: from 
1 to 5 years. Hard conversion would depend almost entirely 
on suppliers with the National Aeronautics and Space,Adminis- 
tration able to do little more than an occasional prodding, 
but it believed it could no.t push too hard.because this may 
result in hi,gher costs. I 

- 
\ According to officials, the scientific groups use metric 

units while the operating groups use customa.ry units. A Sep- 
tember 1970- National .Aer.onauti:cs and- Space, Administration, . . . . 
directive:generally requires SJ.'metr,ic units to, be.used in its 
scientific and technical publications. 

.: 1 
,.The,National Aeronautic,s and Space AdministrFation has. 

designate,d a person, as the,metric focal point., and each.of 
its 10 -cente'rs have a metric c,oordinator,, Also,, it has per- 
sonnel participating on the interagency Metrication Subcomm-it- 
tee. No estimates have been.made of t,he cost of conversion. 

With one exception, the National, Aeronautics and Space 
Administratiqn has not been involved with pro,jects, with,me,t- 
rically designed ,hardware. The space ,shuttle now being tested 
was.built.to customary standards. The one exception was.doc,k- 
ing of the nonmetric Americ.an spaceship, Apollo, with .the m.et- 
ric Russianspaceship, Soyux,. in l975. The hookgup. wa,s. made 
possible by a connecting device built by a U.S. aerospace 
firm. One end of the U.S. device was!.built to metric specif- 
ications to permit hookup with the Soyus. '_. 

'. 
~'IVIL AER~NAuTIC.S Bozm~ : 

.,. 
The Civil Aeronautics Board promotes and regulates the 

civil air transport'industry within the United Statesand be- 
tween the United States and foreign countries. It gran‘ts 
lice,nses to provide air_transpo,rt serv.ices and approves or 
disapproves proposed rates'and fares and propo,sed agr.eements 
and corporate relationships involving air' carriers. , 

,: 
The Civil Aeronautics .Board has converted data to .metric 

units for a.number of years in-its reports to the Internation- 
al Civil' Aviation Organization. Its Bureau of Accounts,and 
Statistics will be including metric conversion tables in the 
Board's major statistical publications. It has only a few 
measurement standards and it is antic'ipated that these could 
be soft converted, we were informed. It will not mandate con- 
ve'rsion,. Conversion is to be left up to the airlines and 
other operational agencie's. / 
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FEDERAL COMMUNXCATIONS COMMISSION 

The Commission regulates interstate and foreign communi- 
cations by radio, television, wire, and cable. '. Y _' ' 

On July 28,'.l976, the Commission adopted a-metric con- 
version program to facil-itate development and the use of a 
single system of units in the Commission's rules. .'Metric 
units are to be used in all 'new and am-ended rules. Metric 
units also are to be used on all license, equipment authoriz- 
ation, and construction permit applications after complete 
conversion to metricunitsin the ,rules is accomplished,. In 
the interim,..the measurement system- that is: fused;. in the ,rele- 
vant rules when f,iling an applicationstwill be used.. I, :, 

The program'calls ,for a'gradual two-stage conversion ,to 
metric unit usage. The ,first stage,. beg,inning-uith the an- 
nouncement of the program,,.will.,be a soft,conversion with the 
customary units shown parenthetically. The Commission antic- 
ipates it will take about 5 years and be'.incorporated in,the. 
normal updating cycle and with the publishing of new~.and 
amended rules. The .Commiss.ion anticipates no major problems 
in carrying out this conversion because actual measurements 
are not being changed-- the terms are.just being converted to 
their metric equivalents. Also, metric units are used in se- 
lected areas, such as frequencies (Hertz), but customary units 
predominate , particylarly for linear measurements. 

The second stage,. calling for hard con&rsion 'and the 
exclusive use of metric units, will not'begin until after the 
Commission assesses the pressures for 'exclusive use of.metric 
units. '. .~ 

No cost studies have been done, but no significant costs 
are expected, according to a Commission' official. PO-ss,ibly 
some training will have to be provided. The official did not 
believe the benefits of conversion were quantifiable but be- 
lieved that perhaps conversion would aid in improving commu- 
nication ,at international conferences. 

The Commission'has a representative attend meetings of 
the- interagency Metrication Subcommittee. An official be- 
lieved, however, that the U.S.. Metric Hoard should establish1 
procedures and policies,for,ag.encies to follow to avoid dis- 
jointed and uncoordinated efforts. 

A Commission official acknowledged that the Commission's 
program is not really voluntary; and he views the Metr,ic Con- 
version Act of 1975 as requiring Federalagencies to lead. 
However, he pointed out that the program has not really 
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changed anything, and the Commission has not directed indus- ' 
try to change how it measures items. " 

.,. ,' 
INTERSTATE COMMERCE COMMISSION " i . 

The Interstate Commerce Commission regulates interstate 
surface transportation, in'cluding trains,: buses, trucks, in- :- 

land waterway and coastal shippingcgenerally through certifi- 
pi . 

cation of public.carriers, rates, 'ad'equacy of services, pur- ;- 
chases, and mergers. [ ;z _ 

The Interstate Commerce Commission's July 1976 policy 
-states that- it will permit,carriersand'agents'to -file- tariffs 
and reports which, include SI: units in l-ieu...of customary units. 
The policy requires that such tariffs and reports must contain - 
conversion tables which, explain,the standards, applied-,and 
methods used in conve.rsion. The Interstate Commerce Commis- 
sion is discussed. further.:in chapter;lO: 'i L 

,' &, w 

.NUCLEAR REGULATORY COMMISSIGN 
: ., 

e 

"The Nuclear ,Regulator.y Commission licenses persons and 
companies to build and ope.rate nuclear reactors,and to own 
and use nuclear. mate.rials.' 

q, 
Its September l-976 policy r,ecognizes industry conversion 

will set the pace -for metrication. It ,will use dual dimen-'. 
sions or SI units alone, if appropriate, in new or revised 
regulations and regulatory guides.: It will convert to the SI 
system.at a rate at least p'aralleling that be-ing achiev'ed by' 
industry. An official'informed us that safety should be-no 
problem, as the Nuclear Regulatory Commission, follows the 
American Society of Mechanical Engineers' Boiler and Pressure 
Vessel Code for nuclear components, which is being soft con- 
verted. " -. 
SMALL BUSINESS ADMINISTRATION 1 I; 'i 

The Small Business Administration is in the initial 
planning stages for metrication. 
statement on metrication. 

It has not issued a policy 
According to an official;"there is 

no pressing need for such a statement, and there has been no 
demand ,for metric information from the small business commu- 
nity. It participates on the interagenc'y Metrication Subcom- 
mittee which is drafting a model policy for'Federa1 agencies. 
According to an official, the Small Business Administration 
will probably issue a metric policy within the next'fiscal 
year. (See chi '5 for additional information.) 
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VETERANS ADMINIS>TRATION 
?-: ,. 

. '_ 
According to,,a Vete,rans Administration.official,.,full im- 

plementation of the metric system in the Federal agencies will 
not receive heavy emphasis until the Board is formed. How- 
ever, the Veterans Administration hasissued t,wo,directives 
pertaining to, the metric system: an Administrator'smemorandum 
in September 1976 .and.a circular in May 1977. The circular 
established a general metric policy. 

__ L 
These'directives were issued primarily to increase.em-.,. 

ployee metricat.ion. awareness, :,They offer some background in- 
formation and quggest,tfiat. some prelim~ina.r:y pla.nning activ- 
ities might be appropriate. The circular states that the 
private sector should.lead t>he metricationprocess but,that 
+agency :ofKfic,ial,s should'consider metric ,us,e ;:.in -their .areas 
of responsibility. The c'ircula,r. also ad,vises that dual units 
or metric-only units could,be.used in publication and-tech- 
nical papers. Finally, the, circular recommends ,an increase 
of agency activity, where appropriate in the determination 
of national and international metric Standards. According 
to a Veter,ans Administration official,, it ,is recognized 'that 
it will be necessary -to supplement the circular wi,th o.ther 
guidelines, procedures,. and po,licies. 

,- i 5,‘ : 
An official,told us that there areeno.real advantages;. 

in metrication for the Veterans Admi:n~istrat,io,n; and if the 
Government were to back off on its metric commitment, it 
would probably'not convert. 

: 
CONCLUSION .~ 

Federal Government metrication‘activities vary widely, 
and there is no consistent approach,to conversion. However, 
metrication does not appear to be a high-priority item with 
the Federal agencies. Only 12 of the 26 agencies contacted 
have formalized metric policies, and these policies generally 
call for the agency to respond to industry demands and not to 
lead. Agencies have not assessed the impact or cost of met- 
rication, but some. agencies are considering such studies. 
The Office of Management and Budget should provide the agen- 
cies with guidance to ensure uniform Federal policies and 
practices. .' 

Generally, officials of the Federal Government agencies 
expect no specific benefits from metrication. If industry 
benefits from conversion, it is assumed that the Government 
will benefit. 

A vast array of laws, regulations, and other requirements 
will have to be reviewed to ascertain the impact and type of 

c 
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change. Several agencies indica,ted that they were looking to 
-the Congress, the President, or the U.S. Metr'ic Board for 
. guidance .on what metr,ication actions, if any, they, should 

take; : 
'. 

Some agenc'ies, such:as the .Department of Agriculture; 
.‘believe that metrication. is mandatory :and have taken agres- 

sive step's to convert some operations which the public has 
disapproved. We find that the Metric'Conversion Act of 1975‘ 

I does not require anyone, Government agencies or the private 
sector, 'to. convert. The Metric Act does notalter existing 

,la,ws or regulations, and agencie,s must, .have ex.iisting authority 
or seek a'uthority.td'require, conver'sion. '. ' 

it : 
; i Metrication by the Depa~rtment of 'Defense is being driven 

by-a de'sire for standardization,, 'particularly .with'NATO coun- 
tries, and a.belief that .metrfcation, is inevitable.' ': It is L ': 
being impeded,by a policy of nonadvocacy and':a 'firm, r'esolve 
by ,Defense not.'to.pick- up industry‘ls total costs of conver-\ 
sion. 1 

: 
Measurementxis an ,integral part of many a-ctiv,ities and 

projects within Government. Without specific direction to 
convert its activities, we find that the Government may be' 
frustrating industry plans. Other nations which are commit- 
ted to. conversion found that,a strong government commitment 
was necessa.ry to ,ac'complish conversion. 

:i i. , 
RECOMMENDATIONS TO THE DIRECTOR, 
OFFICE OF MANAGEMENT AND BUDGET 

We recommend that the Office of Management and Budget: 

--Clarify for Federal agencies what they are expected to 
do in regard‘ to planning and coordinating any incre'ased 
use of the metric system; 

--Ensure that Federal agencies. establish policies con- 
sistent with the.intent of the Metric Conversion Act of 
1975 and' inform the private sector of Federal metrica- 

'tion' plans whenever appropriates. _ ; 

--Ensure that Federal agencies convert regulations or' 
mount other metrication activities when the initiative 
comes from the sectors which will be affected--.indus- 
try r the States, and the general public. Federal 
agencies should only initiate'action when they can 
demonstrate that such'action is in the Nation's best 
interest. I 
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--Require Federal agencies to inform the public of the 
impact,of those conversion actions that'affect them 
and hold public hearings to obta,in their comments 
which should be consideked in any final determination 
on such actions. ' 
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CHAPTER 23 

STATE GOVERNMENTS' SUPPOkT BUT REMAIN INACTIVE 

1 States have generally adopted a wait-and-see attitude 
about converting to metric. -In discussions with State of- 
ficials, we found little agreement, even among-departments 
within States, about when, where, and how'conversion should 
take Iplace. 

it, 
Thirty-five States support metric conversion.; 3 oppose 

while the remainder did not take a position. Fifteen have 
a policy of planning'voluntary conversion,,and 22'indicated - that they have no adopted policy. Seven say that they.will 
convert only when, and where necessary in response to the lead 
of the Federal Gove.rnm~ent and the private sector. One .State 
plans a mandatory-conversion of all State-controlled activi- 
ties, and one plans'to use the customary system indefinitely. 

Twenty-four of the States have organiied metrication 
committees or boards to assist in deciding what to do about 
conversion. The membership of these groups was drawn from 
manufacturers, farmers, labor unions,'consume'rs, and many 
other fields, but State government,officials and educators 

se‘emed to be more widely represented than others,; - 
If metric conversion occurs; the majority of .States 

lieve. that Government--Federal and State--legislative and 
be- 

economic powers should be used to provide an impetus'. 
I 

We surveyed the 50 States 'by questionnaire to-'obtain _ 
information about metrication views, policies, plans, and 
activities. We received responses from '46 States. The 
questionnaire used is reproduced in appendix I.3 ' / 

We also visited six States to discuss metrication pol- 
icies, plans, 
officials, 

and problems with State legislators, government 
school officers and members of metrication commit- 

tees. during our study we obtained and' reviewed additional 
information from State documents, such as proposed legisla- 
tion, State and school board resolutions, metrication commitk 
tee minutes, reports, and other records. 

STATE SUPPORT FOR METRICATION Is TENTATIVE 

Thirty-five States support U.S. conversion to the met- 
ric system, although only 11 strongly support it as shown 
in the following table. 
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Support/opposition to ,Metric Conversion 

Number 

Strongly support 
Somewhat support 
Undecided 
Somewhat oppose 
Strongly oppose 
No basis to judge 

Total 

._ 
11 
24. 

6 
1' 
2, 
2 - 

46 E 
In exami,ning,, available State resolutionsand,policy 

statements by legislatures, metricationcommittees; and 
boards of education;.we found that the rationale for devel- 
oping plans to explore metric conversion or teach,the met- 
ric system'in schools was based on the following: . . '. 

--The metric system is now used by over 9'0 percent of 
the world's population, and an estimated, 75 to 80 
percent of world production and trade is measured 
in metric units. 

--The decisio.ns of the. United Kingdom,'Canada, and 
Australia to metricate leaves the United States as 
the sole major industrialized Nation no't committed 
to metric. , 

--Some major factions of U.S. industry, because of in- 
, volvement with world markets, have begun to adopt the 

metric system. " i 

In addition, 31 of our State contacts' believed that 
U.S. conversion is definitely inevitable for their State i 
government. Another 13 thought that conve.rsion was probably 
inevitable. However, most States are waiting for firm lead- 
ers-hips from the Federal Government to determine the course 
they should take. The majority of the States indicated that 
the Fe.deral Government should plan the, conversion, establish 
target dates, coordinate activities, and counsel and advise. 
They know that the U.S. Metric Board is to be organized to 
provide coordination and planning, They are reluctant, 
though, to go too far in changing State measurement systems 
before the Board is operational, especially because the Met- 
ric Conversion Act of 1975 does.not commit the Nation to 
conversion. 
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Advantages outweigh disadvana 
but State metrication is slow 

Thirty-two of the State governments felt that the advan- 
tages of their going metric outweighed the disadvantages. 
A larger number of States (36) thought.that for the United 
States overall, the advantages outweighed the disadvantages. 

. 

Weighing of Advatitageq/Disadvantages 

State Governments United States 

NO 
TO 

SIGNIFICANTLY 

NO BASIS TO JUD TLY 

SLIGHTLY-O 

q ADVANTAGES OUTWEIGH DISADVANTAGES 

ISI 
DISADVANTAGES OUTWEIGH,ADyANTAGES 

Some of the advantages of metrication, according to the 
States, are tha,t the metric system is easier to use, will 
aid in making price comparisons of products, will increase 
foreign exports , provides an opportunity for standardization, 
and increases production efficiencies. However, over 50 
pe.rcent of the States saw high costs, time needed to retrain 
employees, maintenance of ,dual inventories of materials and 
supplies, and confusion among customers to business as very 
definite disadvantages. Nineteen States thought that metric- 
ation would provide an excellent opportunity to improve 
building codes and standards, but 33 thought that the process 
of changing these codes and standards would be a disadnan- 
tage. 

Officials in the six States we visited gave several 
reasons for the slow pace of State metrication: 

--The Metric Conversion Act is too weak and does not 
commit the country to conversion. State ag,encies 
are skeptical about moving headlong into conversion 

Lag- 
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i without-coordination.and some.,indication of,milkstones 
or target dates. .The U.S; Metric Board is sorely,. 
needed'. .“(,', ‘. * ,', .:. 

--Federal Government departments, especially those which 
regulate, should provide more and better'leadership. 

--Metric conversion .is o'o.st.ly‘. : 

--State agencies should ,rea,ct to conv,ersion changes ini- 
ti,at,ed,by industry. .,. ., ..They'should not be the initiators. 

--Coordination must be made so that individual States-do 
not become metric "islands" among neighbdring States. 

: 
Many State governments see metric conversion as a non- 

crisis oriented, 
benefits. 

expensive activity with very few,near-term 
They also question the wisdom of proceed.ing into 

conversion out of phase with other States, thereby, creating 
a confusing and possibly dangerous environment. for interstate 
travelers and those engaged in interstate commerce. ; 

..' '. 
We identified five States which have passed legislation 

promoting metrication. A few others have proposed metric leg- 
islation, but it has not yet been passed. Most of the States, 
however, have not seen fit to introduce or amend laws to'sup- 
port conversion. :, ..' I 

',!j. .( ,, 
Most of the.States, however, .'prompted by. the 1974 amend- 

ments to the Elementary and Secondary Education Act which 
authorized funds for metric education, have emphasized, that 
schools.in the States will"'incor.porate metric educatio'n in 
their curriculums. (Ch.. 24 of this report discusses metric 
education.) ._' ., 

: ., 

GOVERNMENT ACTIONS COULD /. I.':* \. 
FACILITATE M-ETRICATION 

Twelve of the Statesstrongly agreed that the United 
States should encourage conversion by tying metric reguire- 
ments to Federal funds granted to States fo,r educ!ation, 
transportation, housing, and the like. However, another 12 
States strongly disagreed with this idea. Seventeen States 
agreed somewhat, and three disagreed somewhat.. Two States 
were undecided. These responses show that more than 50 per- 
cent of the States would be willing to convert to the degree 
required by Federal funding programs. 

Almost all of the States (44) either strongly or some- 
what agreed that the Federal Government should encourage met- 
rication through procurement of metric items. Forty-one 
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agreed that the State .governments,should encourage conversion , ~ 
through procurement, while four of the States were undecided 
on this question. Only one State disagreed. Thesfollowing 
table shows the States' views. 

_; :, 
;- EL - 

Views on the Use of, Grants and Procurement . 

~ to Encourage State Metrication : 

.” 
Agree Agree I. ‘Disagree Disagree No 

s .~~ 
stro’ngly somewhat Undecided somewhat, st’rongly response 

U.S. should encdur- 
age conversion 
through grants 

I I 
‘/ ‘_’ . . 

12 17 2 3 12 

U.S. ‘should enccur- 
: 

age conversion ,. 
through ,procure- 
ment 29’ 15 .’ -’ ‘> - - 2 

States should eticdur- I .‘I ’ ‘. . :, ,‘. 
age conversion .- 
through procurement 23 18 4 1 

,..,I. I, 

.,I ( ; i ,“. 

Thus, a majority of States believe that government, -both 
at the Federal and State level, should use its economic pow- 
ers to provide impetus to the metrication movement. j 

j : 
Most States al-so agreed that thelir metrication efforts 

would.be facilitated if the U.S.: Government would' establish, 
target dates for voluntary conversion,, provide'financial 
and technical assistance to States, change all Federal laws 
that specify use of the customary system, and develop a na- 
tional metrication plan. Twenty-seven of the States also 
agreed that making conversion mandatory with,established' 
deadlines would help State metrication. These matters with 
others are shown in the,following table. 

-- 
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Effect’of U.S. Actions on State Metr,ication 
: < I 

No. 
'.. I, 

No basis .I y.0 I 
Facilitate Hinder. effect to.jLidg‘e' response ' , 

) , '. ..' ,i 
Make convergion 'i: .'. 
mandator'y ' 27'.: 1; .. 1 '2 1' 

., . ._ 
Establish.ta:gets 
for- voluntary con- 
version 39 4 2 .- 1 

1. 
Provide financial .; aid 43,'., *i ;'I 2 1 
Provide technical 
aid I 41 ,' .1 3. '- ,,l 

Change laws that 
specify custbrijary 44 2 '- 

Develop national 
plan 42 3 '- 1 

Some officials in Pennsylvania stated.thatthe concert 
of letting the costs "lie where they,fall" may have to be- 
reconsidered by the,Federal Government. The costs of run- 
ning State governments, one said, are increasing faster than 
the costs of operating the Federal Government or,.industry.. : 
He added that Federal assistance may be needed to he1.p. fi- 
nance State' agen'cyyconversion. i 

' A Georgia official t,old us that he 'does not'exnect much 
progress from States unless there'is a strong Feder'al policy 
or mandate. State governments, he said,'are not likely to 
voluntarily generate enthusiasm or lallocate necessary re- 
sources to projects which do not,have crisis orientation. 
His opinion was that many State Gov,ernors'regard m,etrication 
as a low priority item. 

' Officials ?n Georgia felt that the Federal Government 
should deve,lop a firm national conversion plan"with target 
dates.' The plan could still allow for flexibility and volun- 
tary conversion'within the limits of the dates. Target 
dates should'be reasonable and tailored to the d,ifferent 
sectors of the economy. _ 

Individual,,States cannot act independently.on metrica-. 
tion. This could lead to chaos just in the area of inter- 
state commerce.' The'States need strong direction from the 
U.S. Metric Board before .they can make\significant advances 
toward conversion. 

23-6 



/ / I. 

k& 
LL 

Federal Government actions could also affect the time 
needed to convert. Forty-five States said that their gov- 
ernment could convert'within 15 y.ears if the United States 
converts to the,metric sys'tem. Thirty-three of these indi- 
cated they would only need 5 to 10 years. However, if con' 
version is not made mandatory, only 35 States thought that 
they could convert within a 15-year period. 

: -_ g:: 
Eight States . - 

would need more than 15 years, including two who would need 
between 21 and 25 years. i b- e \ Optimum Time Needed to Convert 

.--/ 

c '> ! 
Mandatory Nonmandatory -m. 

Less than -5,years 5 2 
5 to 10 years 33 20.. ~ E 
11 to 15 years 7 

a ; 
q., ' w 

16 to 20 years 1 6 i?iiEzz ;ez 
\ 21 to 25 years I2 

26 to 50 years E s ~.~--i 
More than 50 years 

b c--' 
No response 3 -. f-y7 

c-z 

METRIC LEGISLATIGN I ,,: 

Legislators say the United ,States mu-st lead 
i State, legislators we talked,t~o generally, felt that"' 

\,.l ., 

the Federal Government needed to tnake a firm commitment to' 
metric and,provide leadership in-conversion. One sa-id that B 
a State cannot become unique and adopt a system which'has 

r r 
not been adopted .by other States. 1.t would be ridi,culous 
to .use two measurement languag.es in. trade and commurxication. 

.~ 

that goes on'between States. Some 'were,.,iti: favor of metric ~ 
conversion because of itspotential of helping the Unitqd'.. I 
States compete in the international marke.tplace to maintain 
a favorable balance of ,payments. One legislative assistant ~ 
felt that the U.S. Government should encourage industry 
to convert. He felt that legislative mandates and strong 
coercion ,would not be effective, but gentle coercion in some. 
cases may be in or.der. I 

tz 

1974 law stimulates metriceducation 

Among State government activities, State departments of 
education were the most active. This may be bec.ause the Edu- 
cational Amendments of 1974 declared that U.S. policy e.ncour- 
ages educational agencies and institutions, to prepar,e. students 
to use the International System of Units metric system as part 
of the regular education program. Since 1976, 147 metric j 
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grants in 49 States and 3 territories have been awarded with 
Fed.eral funds appropriated for this purpose.', (See ch-. 24.) 

Other State agencies operating for the most part with- 
out the guidance of strong national legislation, Federal 
funding, and State metric laws are not nearly as active. 

Six State laws promote conversion 

We have identified only six State laws which promote met- 
rication: 

--The Minnesota Metric Implementation and Standards . 
Act of-1974; which calls for statewide planning for 
metric conversion. : 

--A California Act of 1977, which established a'metric' 
board similar to the one provided by the national 
Metric Conversion tact of 1975. 

--New York's amendments to the Agriculture and Markets, 
Law, which establishes metric as the preferred system 
of measurement. 

.' I 
--A New York motor vehicles 1aw;whic~h requires new 

motor vehicles registered after September 1, 1980, 
.to.have dual speedometers. ). 

--South Carolina's 1977 legislation ,to provide for im- 
plementation of the metric system. 

--A Louisiana act amending land meas'urement require-/ 
ments. 

We'also found two States--Oklahoma and Colorado--which passed 
legislation in 'opposition to metric conversion." 

Minnesota Metric Implementation Act, 

The Minnesota Metric Implementation and Standards Act of 
1974 stated that it was the purpose of the State to "begin,the 
gradual but deliberate implementation of the metric system of 
weig,hts and measures." This law charged the Minnesota Commis- 
sioner of Administration-with responsibility for promulgating 
rules and regulations to 

--provide for the full conversion of the State's com- 
merce to the metric system when the U.S. Congress 
adopts this system as the national standard and 
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--insure that all State departments, divisions, agencies, 
boards,: and comm.issions having' authority and/or respon- 
sibility in matters concerning weights and measurement 
shall initiate planning for the gradual conversion to 
the metric system. 

The Commissioner of Education also was to consult with the 
Commissioner of Administration to develop and implement 'a 
plan of public education on the metric system. 

The act stated that because the continued economic growth 
of,,the State and local industry is so closely linked with'the 
ability of the United States to competitively.,serve:3oreign 
export markets, it is in the best interest.of iMinnesota to 
begin gradual conversion. The act, however., d.id not give the 
Commissioner of Administration enforcement authority or pro- 
vide funds for i,mplementation. : 

I., 
On February 10, 1975, thec,"Minnesota Plan for Metric Ed- 

I 

ucation" and "A Resolution on Metrication" were approved by 
the State Board of Education. 

According to the plan, by 1984, 90 per,cent of the teach- 
ers are to be teaching predominantly metric with only inciden- . - _ . - _ tal teaching of the- customary system. / 

,. .:.. i 
The State Governor and the Commissioner.of,Administra- 

tion appointed a metric council with representatives from 
education, transportation, 
tion, 

weights and measures, administra- 
and the Governor's offi,ce. This council was to oversee 

the development of the plan for,metric education and begin 
planning!.for State metrication a,ctivities. The council be- 
gan a study of measurement-sensitive statutes wh-ich would 
need to be changed to implement conversion. It discovered 
'that some statutes would need only soft conversion while' 
others would have to be hard converted. Examples ,of these, 
conversions are (1) the legal distance required between a 
liquor store and a school'would be soft converted to,an 
equivalent distance in metric and (2)'the gallons of fuel 
oil delivered to homes would have to be hard converted to 
liters. 

In addition, the metric council developed a metric style 
‘guide for government secretar.ies and held discussions about 
metric procurement with State personnel. They also urged ra- 
dio and television stations to use metric'measurements in 
weather reports. 

We were told that although the Metric Conversion Act of 
1975 did not adopt the metric system as the national standard 
as anticipated by the Minnesota Act of 1974, the State would 
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proceed with its program of planning -for gradual but deliber- 
ate implementa~tionof convers.ion. At the time.of our visit: 
in November ,-1976 we found,the education plan was being ',imple- 
mented, ,but we ,did not find much conversion planning, in other 
parts of the State government. For example, the director of 
the, Department of Weights and Measures said that the depart- 
ment will not become involved in metrication until c,hanges 
occur in consumer products. He did say,.however, that they 
are buying new equipment with dual capability. 'An official 
of the State Highway Department .sa.id that the highway metri- 
cation committee, which had been organized'in 1972, had be- 
come inactive when Federal legislation faile.d,to callfor 
national mandatory conversion.. We also found that as . ..of No- 
vember 1976, the metric style, guide which ,had been deve,lop.ed 
for government secretaries,had not.been published and,dis- 
tributed. e: k, 

According to the metric council chairman, a certain 
amount of legislated coercio,n is needed. He.,endorses set- 
ting targets for various sectors, such as the dates estab-. 
lished in the States' .plan for education. :. 

,. 
The former State legislator who introd,uced the metric 

implementation act thinks that States should show support and 
commitment to metric ,as strongly as possible because State 
action-may influence the Federal Government -to act more -de,-> 
cisively about metric conversion. Hebsaid that a good example 
was when certain States promulgated regulations specifying 
safer automobile bumpers, the Federal Government wasinflu- 
enced to ado,p,t similar national regulations.. .He fe1.t also %. 
that the ultimate direction our country.wil.1 take deoends on 
actions by the U.S. Metric Board. He told us that.arrang,e- 
ments had been made for one of his colleagues to introduce a 
bill to set up th,e Minnesota Metric Council by,-statute instead 
of being a group appointed by the Governor. He fe.els that 
this would ensure continuity in .metrication activities inde- 
pendent of the Governor's interest as administrationschangez 

Federal law makes Government 
seem indifferent 

The principal investigator in the National Science Foun- 
dation-funded study, "Metric Transition in the United States," 
who is also a member of the Minnesota Metric Council, told-us 
that the study report discussed two :alternative scenarios:' 
(1) metrication under existing legislation and (2) metrication 
with a stronger commitment from the Congress and the Federal 
Government. He reminded us that the Metric Conversion Act 
does not commit the United States. It makes conversion an 
option. The existing law makes it appear that the Federal 
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Government is .indifferent to the system of measurement. Gov- 
ernment, he said."cannot afford to be indifferent,,and at 
some point must specifically say as much, and commit the coun- 
try to .metrication." Resources of the Government must be de-, 
ployed to achieve the goal. The investigator believes that 
in some instances the Government will have to give assistance 
when organizations have ,attempted to go metric and cannot com- 
plete the process without help. 

I 
California organizes a metric conversion 'council 

After an unsuccessful-attempt in 1973 to pass a bill 
calling for the State's conversi0.n to the metric system, ,' 
the,California State Legislature in late 1977 p'assed a law 
to provide an orderly conversion to the system and to pro- 
vide coordination with the US. Metric Board's program. 

Starting in January 1978, a California Metric Conver- 
sion Council will be created in the Department of Food and, 
Agriculture. Its members will include the Director of Food 
and Agriculture and 10 other members ,appointed by the Gov- 
ernor and confirmed by the State Senate. Appointed members 
will represent engineering, science, industry, retailers, 
labor, small business, construction, education,'consumers, 
and weights and measures. An additional $50,00,0 was appro- 
priated to the Department of Food and Agriculture's 1977 I 
to 1978 budget to carry out the provision of the act. 

The legislation requires that the Council's efforts, 
complement those of. the ,U.S. 
California. 

Metric Board as they rekate'to 
Its duties on a State level coincide with the 

Board's duties on the national level., The:Council is re;- ~ 
sponsible for taking into account the .interests, views, and 
conversioncosts of California's commerce and industry. It 
must.provide for procedures whereby various Council groups 
may recommend to the Council specific programs for coordin- 
.ating conversion in each industry, publicize proposed pro- 
grams, and provide an opportunity for interested groups or 
individuals to submit comments. It will encourage standards 
organizations to develop metric engineering,standards. 

,- 
The Council will also help the public become familiar 

.with the meaning and applicability of metric terms and appli- 
‘cations in daily life through the media and talks to approp- 
riate groups. It-will counsel and consult with.educational 
associations, local,education agencies, labor education com- 
mittees, apprentice training committees, and other interested 

j groups to ensure that metric instruction is included in the 
State's educational institutions and that teachers are prop- 
erly trained to teach the metric system. 
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The act provid-es that the Council will be operative un- 
til 1985., However, it,~does not set targets or a date when" 
the metric,system will be the predominant system of measure- 
ment in California.- The Council, though, is, responsible f‘or 
an annual status report to the leg.islature,and the Governor. 
on the extent to which. conversion-has been-achieved, projec-.., 
tions for the conversion process, and recommendations cover- 
ing needed legislative or executive action to implement the 
programs' accepted by the Council. Similar to the U.S;, Metric 
Hoard, the Council was not.provided any.compulsory powers. 
It must be noted that,the California metric bill became law, 
without the Governor's signature. 

New York adopts metric 
as the preferred system I 
In~August 1977 New York State enacted a new article 16‘ 

of- the portion of its Agr.iculture 'and.Markets Law that deals 
with, weights and measures. One'major feature‘ of the act was 
that the metric system was'adopted asthe preferred system 
of measurement within the State. Section 177 states: 

"177. Authorized system;s of weights and measures; 
basic units. 1. The metric system of weights and 
measur.es'and the system of weights and measures in 
customary use in the United States are jointly rec- 
ognized, and either system shall be used for all 
commercia.1 purposes.within the state., However, the 
International. Metric System ('SI'), as defined-in 
the Metric .Conversion Act of nineteen-hundred sev- 
enty-five. (Publ-ic Law 94-168) and as such definition 
may hereafter be amended, is hereby adopted as the 
preferred,system within the:State::" I ' 

Chapter 300 of the New York Laws of 1976 requires that. 
all new motor vehic.les registered in New York after'septem- 
ber 1, 1980, be equipped with:speedometers calibrated in,..both 
miles and ki1ometer.s. National Highway Traffic Safety Admin- 
istration r'egulations now require that all vehicles manufac- 
tured after August 31, 1979, be equipped with speedometers 
that register speed in both miles per hour and kilometers per 
hour. (See ch. 10.) 

The Governor's' approval memorandum' filed with the act 
stated that the amendments to the weights and measures stat- 
utes were the ,first in more than 50 years and would eliminate 
many obsolete sections, consolidate and eliminate other'sec-' 
tions, and enact a new framework for current commercial usage 
and consumer needs. The previous version of the weights and 
measures law adopted in 1922 authorized customary units only. 
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'6 Although the act authorizes the use and establishes 
preference.for the.metric system, it does not set targets or 
project when metric may: beused more than customary.', How- 
ever, in its statement-of policy and purpose of .the act, the 
legislature declared, that voluntary and order.ly conversion 
to -metric is of vital importance.to the economy of .the State. 
The legislature -also declared that the public policy of the 
Sta,te would be to encourage' gradual implemsntation of the 
metric system throughout the State% government, industry, 
commerce, business education, and agriculture. Section 177 
was enacted to encourage such implementation by providing a 
code of weights and measures responsive to present .and 'future 
needs. 

South Carolina begins 
planstor conversion- ' 

i The General Assembly of South Carolina stated that the. 
continued-economic growth of the State and its local indus- 
try, is clo.sely. linked .with the ability of the United States 
to hold and competitively serve foreign markets. The As- 
sembly declared that to begin now to gradually and deliber- 
ately implement the metric system is in.the best interest 
of the State and its citizens. Therefore, in June 1977 the 
legislature adopted anAct to Provide for the Implementation 
of the Metric System of Weights and Measures. 

The act assigned, to the Commissioner' of Agriculture, 
general authority over implementation activities and pro- 
vided for a nine-member advisory committee. to assist. The 
committee is to.be made up 0.f the- executive officers, or 
designated staff members, of the State Law Enforcement Divi- 
sion, the Commission on Higher Education, the State- Board 
for Technical and Comprehensive Education, the Department of 
Education,- the State Highway Department, the Alcoholic, Bev- 
erage Control Commission, the State Development Board, one 
member appointed by the Governor who is associated with,the 
textile. industry, and one member appointed by the Governor 
from.his staff. 

The committee is to formulate a plan for the gradual.im- 
plementation of South Carolina commerce to convert to the met- 
ric system. It is to provide recommendations to the General 
Assembly for.achieving conversion of units of measurement and 
encourage all State departments, divisions, agencies, and oth- 
ers having authority in weights and,,measures matters to in- 
itiate planning for gradual conversion. 

This act also established a Metric Education Committee 
to develop and encourage implementation of a metrio education 
plan f with emphasis on the immediate requirements of the 
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commercial and industrial.community, and a.long-range, plan of 
public education. There was no appropriation'to carry on the 
work of the committees and.no dates .for accomplishment of the 
tasks. ,' - ; . 

,.i 
The South- Carolina metric .act concentrates on planning 

for.conversion of industry,and comme-rce. However, the tex- 
tile industr'y is the' only one represented on the advisory 
board. The textile industry is South Carolina's ,large,st,, 
comprising about 34 percent of the value of all manufactured 
products and ,employing. the,.most..workers. Qther,majorState 
industries, such as.chemicals:,;apparel,.paper, food prod- 
ucts, machinery., a,nd stoneclay-glass products, -are not rep- 
resented,. / ., ,I. ., 'i 

)  
./’ :, : : ,_. : 

Louisiana allows metric land measurement:' : 
/ 

Before'1977 Louisiana statute.‘s,required all land and 
area measurement and description to be in inch,es, ,links, 
feet, furlongs, miles, and other units of the customary,sys- 
tern. However, in July 1977, anticipating increasing metri- 
cation, the-legislature added a new section to the Loruisiana 
statutes,to allow descriptions and ,contracts using metric. 
units to be valid. The enabling act, however, declared that 
"The United States customary system of measurement shall be 
the'primary method of land -and' area measurement." Weights 
,and measures,' regulations in Louisiana are based on the'cus7 
tomary:system... (See ch. 20 .for further information on sur- 
veying 'and mapping.), :'. 

', 
Two States say*metrication is premature; 
Oklahoma requests a moratorium 

,' 
/Oklahoma isone of the State.s whose legislature has re- 

acted. negatively to the.Nation's efforts to encourage:met.rica- 
tion. In May 1977 the legislature approved House Resolution 
1014. This resolution declared that the U.S. Congress has 
debated for 200 years on whether to mandate a conversion to 
the metric system and a.multitude of, problems are' developing 1 
due to the lack of a firm'public policy concerning conver,sion. 
Therefpre, the leg.islature requested and recommended that the 
Congress declare a.moratorium on conversion to the metric 
system and prohibit all Federal boards and agencies from di- 
recting or implementing conversion until- such time, if,any, 
the Congress decides to,mandate conve,rsion and:establishes 
timetables, guidelines, and procedures to implement such a 
conversion. Copies\ of this resolution were sent to ev'ery 
member of the. Senate and the House of Representatives. 
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Cola-rado not ready for metric highways:, "- 

In spite of Colorado's plan,ning for conversion, th,e 
State legislature found it necessary in early 1977 to peti- 
tion the Congress to prohibit the conversion,of land measure- 
ment to metric. When the legislature found that the Federal 
Government (the Highway Administration) had plans to.convert 
highway signs to,the metricsystem by 1982, it adopted a 
r,esolution .petitioning the Congress :, 

, 

"to provide by law that the 'Metric Converslion E! 

Act of 1975' shall not require conversion of land 
I- 

and,highway mile.age measurements to the metr.ic. -' 
system, and to provide for the cessation of efforts, 
by the U.S. Metric Board to convert the highway 
system to metric measurements." '. :. 

Copies of the resolution were to be sent to..the Presi- 
i 
; 

dent of the Senate; the.Speaker of:the.House .of, Representa- ; 
tives;; each member of the Congress 'from ,the States- of Cola-. : . L 
rado, Wyoming, 
zona,:and Utah; 

Nebraska, Kansas, Oklahoma, New Mexico,.Ari- 
; i 

and the Governors and legislatures of each', 
of the above States. (See ch. 10 for information about the 
proposed change of highway signs.) 

, ' /I ', ,' 
The legislature of Colorado had adopted,a- j,oint resolul- 

tionin 1974 ,resolving that al.1 State age,ncies should develop 
recommendations with a view toward, eventualexclusive use 
of the metric system and that all,schools in:Colorado: should 
intensify the teaching of metric. It stated that efforts 
should be made to qcquaint the citizens of the State with 
the system because, 
once mastered, 

among other reasons, the.'metric system, 
can be used more effectively and with more 

understanding than--the customary system. The.resolution 
also recognized that a single standard of measurement based 
on.the metric system was quickly becoming a reality.. 

The Colorado Advisory Committee on Metric Conversion;a 

g 

subcommittee of the Scientific Advisory Council, submitted a 
report to the Governor on May 31, 1976'. The report discussed 
rising costs, labor, consumers, small business, and the coor- 
dination of State ,regulations and agency capabilities ,as 
issuers which would need to be addressed if conversion is to 

. . 

be implemen,ted. It also discussed Federal initiatives, such ' 
as the Metric Conversion Act and the 1974 ,amendments to the 
Elementary and Secondary Education Act, and their impacts on 
Colorado. It attempted to predict.timetables, for periods of 
national activity--' initiation of action (1975 to 1977), 
ning (1978 to 1979) and beginning of changeover (1980 to 

plan- 

1981). 

.- 
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I  

The Committee's consens.us was that, in.general,.the more 
progressive ,industries would,play a leading role in moving- the 
American economy 'into the metric'sy.stem. Government, however, 
would have an .important role to play; inIeducating stud'ents. 
and: the' publi.c, training workers, and creating an atmos:phere, 
favorable to metrication. The Committee's major recommenda- 
tion ,was, that the-Governor appoint a Metric Adviso:ry Council 
with central authority to-provide the State with metrication 
policy and provide continued guidance for each of the trans- 
ition issues over- the decade or so. i 

.I " .: 
:, %Ve: talked to a State official who said .that.aithough. .', 

there 'has been no metric ,act$vity within the,ColoradtooState 
government since the Advisory Committee's report, there is 
no change in the State's acceptance .o.f metr-$c conversion'as 
inevitable. However, the,legislature thought that/the Fed- , 
era1 Highway Administration's action was premature and left 
the financ?,al burden of conver'sion of signs on. the State. 
He .said that a more reasonable considerat-ion:of timeliness 
and some- provision for financial assistance woul'd not have 
provoked the petition. . .' /. . . . . 
STATE AGENCY METRICATION ACTIVITIES 

>'! 
Highway,.metricatio'n '. 

Most State highway departments became'involved in metri- 
cation in 1977 when the Federal Highway Administration pro- 
posed a plan to require metric highway signs throughout all 
States; Although- 20 States had voluntarily instal-led from 
2 to 44 all-me,tric -or dual signs. for information :and gradual 
'orientation 0.f motorists, the: propo'sal was highly unpopular 
andthe High&ay Administration withdrew the plan: "(See ch. 
10.) . 

... /' 
Twenty-one States saw obtaining funds to defray the 

costs of sign changeover as the biggest problem. The range 
of‘estimates from the 13 States that furnished us figures 
was from $185,000 to $20 million to do the,job: Fourteen 
also saw.@ublic resistance as a big factor. Twenty-five 
States indicated that when highway signs are required to 
change, %the Federal Government should share the cost. Eleven 
felt that the Federal.Government should pay the'entire cost; 

However, Connecticut which had installed four dual signs, 
anticipating that Federal regulations would soon require met- 
ric signs, ordered the signs r,emoved when the Federal Highway 
Administration's proposed schedule for converting highway 
signs was withdrawn. An official of the State'_s highway de- 
partment said there was no use educating the public for some- 
thing the Federal Government was not going to be serious 
about. 
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I’ Ohio.'s Department of;Transportation has done,,eonsider- 
able-research on the impacts involved, in metric.highwa:y con- 
struction. Oh,io completed,,:from d,esign ,through construction,, 
two.highway improvement projects.- ',Sur.veyors,;engineers, con- 
tr'actors, materials suppliers,> and ,the r.oad construction labor 
force-'were involved. However, Ohio regards the experience as 
useful research that may be,used in the future'but-has,no 
plans to.continue metric highway construction. -If, 

,. ;. 
The only State-metrication law affec.ting transportation 

we were able to identify was previously discussed in this 
chapter.under New York,legislation. The subject of highway 
met,rication is,mor-e thoroughly discussed :in chapter 10,; _, :> 

, 
Weights,'.and'measu,res age.ncies 

; ~ ; ?., . . . i 
: . 

wait for industry. . , .,I 
L ,' : 

ALthough. in'.1866 an act of the Congress decl,ared it i'aw- 
ful throughout the .United States to employ, th.e weights,and 
measures of',th,e metric system, many State.and, Federal la.vs., -, 
and regulations require that the customary sys.tem of measure- 
ment be- used. For example, in Montana, by law, bread must be 
marketed in l/2 pound, pound,,l-1/2~pound, and.multiples o,f 
1 pound quantities; and milk must be'sold in>l'/2 -pint, pint, 
quart, and gallon quantities. Throughout the..United.S.tates, 
highway speeds are limited in m'iles per hour, and l'iquor 
st0re.s must,, by law,.be located at,least,a certain number of 
feet 'from schools. '. 

(. 
' Only 12. States‘thought that present weights 

: 
and measures 

lawsand regulatio,ns, would make it difficult f0.r~ the.State.' 
government'to convert. to the metric sy,stem. .Th,i,rty+ix States 
use the National Bureau of Standards- Handbook 44..,..which gives 
customary specifications and technical requirements for com- 
mercial.weights and measuring devices, as the sole State stari- 
dard or as., a supplement to State-developed, standards. 

-. 
NBS' is developing a metric version of Handbook 44 which, 

when'completed, could be adopt,ed by States as a basis,for met- 
rication of.weightsand measures. Thirty-nine States indica- 
ted that they would use the metric Handbo0.k 44 in the same way 
they currently use the exi.sting.customary version. More than 
one-half of the States. said that,thei,r weights and measures 
regulations are already broad enough to allow merchants to 
sell loose consumer gqods (fresh fruits, vegetables, meats, 
and grain) by metric weights'and volumes without changes. 
Others said that merchants could not change, from customary 
weights or volumes unless regulations were amended. 

Sixteen States saw building codes and construction stan- 
dards .as a major problem to change, while. another 16 said 
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that changing these regul,ations w.ou.ld.be a minor problem or 
no problem.at all. In o.ther areas,, such as traffic regula- 
tion, standards-of measure for!consumer q'oods-, education, 
agriculture., and drug contro,l, most Statesthought that r,eg- 
ulatio,ns would be a minor'problem or,no problem. if the State 
decided to metricate. 

,‘: 
Weights and measures agencies are waiting until metri- 

'cation-by industry requires them to change weights and,meas- 
ures .regulations and c'onvert testing and sealing equipment. 
An exception wa,s the Californi,a Division of- Measurement,Stan- 
dards. This agency had drafted a proposed plan for conver- 
sion which intends to,leadICalifornia industry into the. b '. 
metric system. However, its plans‘ may be 'sl'owed and sub- ..," 
jetted to plans for coordination b.y the newly formed Cali- 
fornia Metric Conversion.Council disczussedearlier inthis 
chapter. ! , 

: : 
$The d,ivision has alre'ady done much training. of county 

weights and measures personnel in the.us,e'of the metric :sys'- j , 
tern. It also has been procuring metric,eguipment and helping 
employees understand how some items of customary eouipment- 
can be adapted to.metric,use when necessary in their-work.' 
The director of the division has been'engaged in general,. 
public information by giving speeches to groups of citizens. 

i. .I ., : /. 
It is doubtful whether divisions of weights andmea,s- 

ures in-other States will promote metrication in industry. j_ 
They believe it will,be:better to let industry disc&er-the, 
merits of the‘metric system and.let conv,e.rsion evolve as an 
advantageous thing to do. One.official said the only people 
moving positively,toward metrication now are those wh'o h:a,ve 
business interestsin foreign countries.. And even they are' 
using both customary a.nd metric. None have abandoned cus- 
tomary completely. ,Anoth.er.r.emarked that the r.ole in measure- 
ment in h.is.division is to be-sure that the consumer. receives 
accurate measurement no matter what system is used. :._I 

Although most weights and measures agencies are- not as-' 
suming initiative, they say they can be ready to r,egulate inA 
dustrial conversion on short notice. Twenty-nine States, re- 
sponding to a question about agency capability, indicated 
that their weights and measur,es personnel are highly or fully 
capable of testing and approving metric scales and other meas- 
uring devices, although only 18 of the agencies were.'highly 
or fully capable in terms of equipment needed to do the job. ~. . Thirty-two agencies indicated that 5 percent or less of their 
present work deals with inspecting metric weighing or measur- 
ing devices. 

23-18 

I  



, 

1 -Those with which We discu,s'sed the;problem of-training I: 
personnel and' ,acquiring equ;ipment.ind.icated that neither 
wouldtbe a,problem for.:the, State department,: but m’aay. present, 
som,e.:difficulty for.:county,and local staffs; -.Many would ex- 
pect,help with- training:from:NBSwhich already, using.\U.S. 
Office of Education metric education funds, has conducted ',' 
a series of metric workshops for State and local weights and 
measures personnel. Twenty-eight of.the States thoughttthat 
con.version of weight,s and measures- activities wo,uld 'inc.ur mod- 
erate additional expen,se to the agencies'.,budgets; but 13 
thought thatthe. c‘onvers-ion.‘%wo:uld,mean.high additional costs. ., ,. ., .., ,> ., . ..' .< i 
General,. servvices- agencies* resist:. co'nversion I' 

,./ < ,,) : *, I 
General.services agencies, were genera,lly r.e.sisting met-' 

rication:& These,departments, which are: responsible,'for the 
design, construction, and maintenance of State buildings; 
are not metricating because (1) industry isnot ready to 
furnish,'all,:of the components ~for..~metrically designed, pro- 
jects, (2) .metricallysdesigned structures would requ:ire : 
metric maintenan,ce parts wh,ich; with.parts needed to maini 
tain existing.structures, would r,equire dual inventorLies, 
and. (3:)contractors are not accustomed to estimating Andy 
building inmetric._ .'. 

_ “ .  

Liquor control agencies &act to a mandate 
: :  . :  1 

- .') '. ., : ‘ ! _" ', 
Urged by th.e win,e and,dis,tilled.spirits industrie.s, the 

Bure,au o,f. Alcohol-;,..T.ob.acco and Firea,rms of. the. Department of 
the Treasury has adopted, new r,egulations req.uiring metric- 
size -bottles f,or wine ..b.o.ttled after December .31, l978., and, 
1iquo:r bottled.afte,r December 3~1, 1979.: Stores throughout,. 
the 'country are already.selling the- new bottle-sizes:, 

'/ ' _ .' ,. .I ,, 
State liquor control agenc,ies have been fo.rce-d to train 

employees, change ,their recordkeeping and -accounting.'proce- 
dures, and mak,e other, adju.stments,‘to,accommodate the switch 
to metric. Industrial pressure and Federal regulation should 
cause these agenciesto continue rap,id metricati0.n. '(Conver- 
sion of wine and liauor bottle sizes is,discussed.fully in 
ch. 26.) 

: 
Other S.tate agencies are inactive ~ , 

Among the-other agencies--Labor, Consumer Affairs,'Econ- 
omit Development, Procurement, Environmental Resources, High- 
way Patrol, Motor Vehicles, Health, Small Business--in the six 
Stateswe visited, there was some planning as -to what the im- 
pacts of metrication would be, but little or no action. 

I  

c ! 
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Education agencies are active 

As noted previously, State departments of education had 
active programs in all the, Stateswe visited. We believe 
this is because (1) the Educational Amendments of 1974 stated 
U.S. policy about education of students in metric usage, (2) 
funds were available for assistance, and (3) although coordin- 
ation of education among States is desirable, it is not 
necessary. Education, incidentally, is the only area for 
which specific Federal fu.nds are available; (See ch. 24.) 

CONCLUSIONS 
./ 

.The policy expressed'in the Metric Conversion Act of , 
1975 that the, United States will coor-dinate and.plan the ._ 
increasing use of the metric system,,does:not.appe,ar to be 
enough of a Feder,al'metri.cation commitment to cause the ' 
States to convert their operations. For the most part, 
States have. adopted a wait-and-see~attitude. States,agree 
that the metric system may be good for multinational cor- 
porationsin imj?;roving their world trade and an easier and 
more logical system. to beused by everyone. However; their 
deep involvement in conversion will come only whenthe ac-, 
tions of industry'and the U.S. Government give stronger and 
more immediate reasons for a change. At such time we feel 
that affected State 1,aws and operations will be converted as 
needed. 

It i.snot reasonable to expect States to initiate the 
imposition of a new system of measurement on intrastate af- 
fairs without strong incentives. In interstate affairs,, 
careful coordination by the Federal Government will be nec- 
essary to avoid confusion and disruption in the regulation 
of commerce and other matters., The States are looking for 
some form of leadership from the Federal Government and have 
not yet received it, particularly with regard to a f-irm na- 
tional commitment as to which system--metric or customary-- 
the United States is to predominantly use. 

RECOMMENDATION TO THE 'CHAIRMAN, 
U.S. METRIC. BOARD 

We recommend that the U.S. Metric Board develop avenues 
through which the States may define their roles and coordinate 
appropriate voluntary,conversion activities among other States 
under the current national policy. The National 'Governors 
Conference, which has organized an Interstate Metric Committee 
composed of State representatives appointed by Governors, 
possibly could become the focal point for this effort. 

23-20 

i 



APPENDIX I ,, 
c 

APPENDIX I 

U. So GE$lERAL ACCOUNTING OFFICE 

MLTi=pc TisK JICJRCE 

SURVEYOF~TA!EGOvERNMENIcS 
: I : . . 

INSTRUCTIONS: j A. Federal~Laws and ioliciea '. 

Plewe answer each of the following questions 
as frankly and completely aa possible. 

We are interested in your vie& whether or not 
you consider yourself to be a~ knowledgeable about 
our questions as you like to be. Answers on others' 

1. What is your understanding of the national policy 
concerning converting to the metric system? 
(Please oheck,one.) 

-/ No stated national policy 
. . : 

views need not be btied on found surveys of their 
opinions.' 

fJ I%n$at~ry conversion witkin 10 years ;' " 

There is space at the end of the questionnaire 
/-7 Federal coordination and planning of 

for any comments you may wish to make oo&.erning the 
voluntary conver&on 

questionnaire, or any other related topics. ff A mandatory, gradual conversion 

The question&e is numbered only to~pexmit & 
(i.e. more than 10 &JX~,) 

to delete yOur name from 0Ur list when wexeoeive 
your completed questionnaire and thus avoid sending 

D No conversion 

you an unnecessary followup request. n Don't know .f 

m Other (Please specify), 
,, 

RESPONDENT INFQFMATION: 

NAME: 

2. If metric conversion oooura, which of the 
following roles, . 
Government aisume? If ~LZoZZhZe~~~lapply.) 

ff Plan the overall ,,convereion 

, = Coordinate activities 

/7 Establish target dates 

~.Coun~el and advise interested parties 

TITLE: a Legislate the conversion proceaa 

/7 We conversion mandat& 
TELEPHom ( 1 

(Area code) (Number) /&force the conversion process 

/-/Other (Please specify) 

ff None of the above 

/-7 No basis to judge 

, 
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3. wh.hh Of'the following Fedgrel 18~s and ragi- 
18tiOIU wOda m8k6 it'diffiotit for your ?t8te 
government to konvert to the metrio system? 
(Please.oheok 8l.l that 8ppb.) 

.,' : .; 
6. if the U.SAovez&ent took the,followiug I+' 

satdone, how muoh,- in ~rour opinion, would euoh 
8otiona hinder or feoilitate mqtrioation in 
ymlr Stati?'- (cheek one box for e8oh row.) 

/1 qOpUp8tiOXld eafety and health laws 
8td Y?e&8tiOuE 

/ E4lviAmlerlt8l pmteotion 18WB 8na 
l?3&8ti+3 

ff;Feaeral-daqghway flurding 18~1 ana 
regulationa )_ 

D Builw end oonstruotion st&nazcaa and 
regulationa (i,e. HUD minimum 

,requirements) 
PrW=+Y, 

D Other (Please specify) 
: 

tory, inoluaing ,~, I I 4 I 

all Federal 18163 
specify tie of 

5 None of the above 

5 No b88is to juage : U.S. 8otj 
0 

Should the Feaerel Government encoupa8B conver- 
sion to the metric system through requirements 
tied to Feaeral .funaa grentea to statetes.and 
local governments (i.e. Federal fun& for eau- 
cation, trensportation, housing-.etc.)? 
(Please'cheok one,). 

5 Stmngly &e 

,. ,’ 
,w-!-L&, I. .\ 

5 Ap3e somewh8t B. State L8wa and,Polioies 

5 Undeoide$ ..- 
7. What officisl policy, if 8ny, has your date 

government with regard to converting to the 
mdric system? (PIless check one.) 

/1 None (Skip to question 9) ,^ 
: I 

/ Continue use of the customary system 
indefinitely 

5 Disagree eomewhat 

5 Strongly disagree 

5. Should the Federal government encourege oonveP- 
sion to the metric system by purchasing items 
a&signed or described in metric terms? 
(Please check one.) 

/ plan voluntary conv&aion to metric of 
state -a state-oontrdllea activities 

5 Pl8n~in8ua8tory conversion to metric of 
stat6 and state-controlled activities 

D F&low the led of the private sector, t 
convert when and where necessary 

5~3=wly egree 
5dgree somewhat 

5 Dndeciaea 

5 Disagree somewh8t 

5 Strongly disagree 

5 Follow the lead of the Feder8l Government, 
convert when and when3 neoeseary to comply 

'with Feaerd regulations ana requi?mente 

D Other (Please specify) 
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0. what official action waa taken to document or 
lemejedhia polioy (Plegae oheok all that 

. 
m No official action was nec.eeiSery 

/7 New or emended state law approved 

D Legislat+ve resolution adopted I 
/1 ee&tive order by state governor issued 

~.~;;t.b$~a~;gp and measps 

D Policy statement by metric coordinator, 
coimittee, or bqard @opted 

/1 Other.(Pleaee specify) / 

9. should State governments encourage conversion,‘ 
to the metric 'eystem by pur&aa& items ae- 
ei@Wd'or d&scribed in meteric te&?~"'(Pl.eaae 
check one.) 

/1Stron&yagree '. " 

/-/ Agree somewhat 
/1 Undecided 

ff Disagree somewhat 

/-7 Strongly disagree 

10. In the.selling, by weight, of loose consumer 
goods (fresh fruits and vegetables, meats, 
etc.), a0 your present wei.&ts aa rheamres 
laws or regulations pennit wholesalers and 
retailera to oh fromudngweighingscales 
that read out in customary to aoeles that read 
out in metric? (Please check one.) 

D Yes, no restrictions 

D Yes, after obtaining State ,authorization 

/-7 Yes, with the following qualifications 
(Please specify) 

ff No, unless laws or regulations axe *ended 

110 In the selling, by volume, of loose consumer 
goods (gasoline, grain, draft beer, etc.), do 
your present weights and measures laws or regu- 
lations petit wholesalers and retailers to 
change fromusingcuetomarymeasures tousing 
metric measures? (Please check one.) 

/7 Yes, no restrictione 

D Yea, after obtaining State authorization 

ff Yes, with the followin@; qualifications 
(Please spedify) 

ff No, unless laws or regulations are emended 

APPENDIX I 

12. Would State lawe and regulations be a problem ' 
+ cowerting to the metric system.in.the 
foo~~)ayeaa? (mea& check 0~ box for 

. ,. 

etc.1 
standards of fill 2, '. " 
packaRea mods 
hvironment 
(pollution,'oon- 

aide re&atione) !. 
Other (Please specify) ,' 

I 

I I ! I / / I 
C. SUPwrt or ODaosition to Metric Conversion 

13. Does your State government support or oppose 
the United Statee’converting to the metric 
system? (Please check one.) 

/ strongly support 

/ Somewhat support 

/Undecided (the date g&ernment) 

/ Somewhat oppose 

/ Strongly oppose 

/-7 No basis to judge (you) 
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14. Do yoi.believe ttit oonversion to the metric 
system is inevitable for your State g6veqb3nt? 
(Please check one.) " 

n DefMtely yea 

n Prodsbly ye; 
n yeoided 

DProbablyao“' 

n.Definitely'no 

15. Has a state-l@e&.,c,omm&ttee, board, oommiseion 
or other gkqi been orgsnised.to assist in 
conversion to ~et&b? 

ff Yes " " _ " ,,, 

,/7 No (If no, skip to qu+ion 18) 

16. Pleasi indicate the name of that group in the 
. . space below. 

,' .- 

APP'ENDIX,'I 

,17. Uhtch.of the interests lioted belov.,~,rep~ 
sented by at least ens pslaon on your.mstrio 
group? (Please oheok all that Apple).;, 

/ State legielatums 

n/MBnufecturine; i.dutrJI : 

n Fsnning induetSg 

n Muoation - n Muoation - /, /, Punlip/R%vate/PemohisI Punlip/R%vate/PemohisI 

-n State &velnment operations -n State &velnment operations I I 
“I, ,.,, “I, ,.,, 

/ Construction indmtrg / Construction indmtrg 

: */ Citi,~ene&:Cpnmnners 

'. c Wholesale/&ail'Ssle~ 
L I : , .j 

n Traneportatioli Fnduet37 ::., ,+ 

I, n 143di0d/~8~ *professions ,:;.;,, 
' ,:' 

! ., .- _,,_ - .' 
n hb0r unions _ 

.,i . . . i 
".' 

n ofher (Please spebify) " 

D. &ate Metrication Activity I 

10, What is the current staty of metric conversion activities in th& "following agencies in y&5 State? 
(Please check as many boxes as necessary to indicate activities completed or in progress.) 

Coneumer Affairs 
odes.,and Pelmits 
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19. &we q metrio trafflo eigne been inetalled :on 
State-oontmlle?l hi@nqm in your State? (Pleaae 
oheokone.) ',(' " I :. 

/Yes 
5 NC (If no, skip to qlleetjon 21) 

20. How~matrio ei@E of the followingtypee 
have been installed? When we= the firijt'and 
the latest eigna ig3talled?~-(Pleaee indioate 
yrnm mewera in the boxes below.) 

. )  , .  -  

21. What is the estimated ooet of converting all 
speed limit eim (State and.looal) in your 

. "State to the metrio system using the same method 
used to ohange to the .5$ mile per how: speed 
eigns. 

2: I ,, 

22. What is the estimated cost to change aJ.1 hi,&wav 
and street sians, including apeed si@~s'to the 
metric system. 

Who::ahould pay the coat? ':: 
/'-7 State,for 'Sta&e &na id local for 

lqoal sighs" . '. 
5 Stite G&vernment? 
/~Fedirai C&kiment 
5 &JX with Federal Government 

23. What &your view would be yourState's biggest 
pmblem $f the Federal aighw&y Administration 
required ohan&~overof allhigfiwa;y signet? 
metric by 1.982? (Please check one.), 

5 Obta&ing funds to offset th6 do&s . 
5 Pubiic resistance to change to metric sign 
5 dompleting the work of changing the 

neoessaq sign 
/1 EMorc&g the speed laws until cars are 

equipped with metric epeedometera 
5 Other (Please epeoify) 

APPENDZX- I 

24. &w.uould you ratq.,yourSt$+ dep-nt 
of.weighte end.meeeures' p~?ent-oapebility 
to tent and approve metrio,.ao.sJee and other 
measuring dtjvicee? (Cheh One box on each 

‘: ., :.I 

25. How much of the,present +pproving and sealing 
activitJi of y&z State weights and,meastis 
department deals with metric devices? (Please 
check one.) 

5 $2 to SfA 

/.6%to10% 
511%to 2096 

5 More than 2cfA 
, / : 

.:.a 5 Do not~know' ,,,., ,, 

26. What ia the status of the use of.NBS Handbook 
h&, Sbecifioations. Tolerances and Other 
Teohnioal ReQuirementa for Commerical Weights 
and Meaaurin~ Devioes,‘in your State. (Please 
oheok one. 

5 Officially adopted a~ the basic guide 
supplemented by State-developed 
standards 

5 Officially adopted as a supplement 
to basically State-developed standards 

5 Officially adopted aa the sole &ate 
* standard 

/-/ Not officially adopted 

/ Other (Please specify). 
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27. Whep,the metric version of Hendbook 4.4 is 
cdmpleted @ihe Nationd Bi&au of St&&is; 
will your department of weights end meaaurea 
uee it in muoh the same way 88 the preeent 
version?' (Please cheek one.) .. 

/ Yea 

n No , ., 

‘,. .  .  

28. In your view, how would you rate the oost of 
metric conversion in the*gove&men% operation0 
listed below? (Check one box in each row.1 

,-. 

12 3 4 5 
Weights and 
mea.auree _ 
State buildina 
construotion &a 
maintenance 
Transportatipn 
regdation aa 
control 
Highwaybuilding 
aa maintenenoe 

Education 

29. Has the Federal Government prokiaea my 
financial aaeistance to your State 
metrication efforts? (Check one.) 

/-7 No (If no, dip to question 32) 
r 

30. Please state the federal program aouTce(s) 
of these funds. 

' 

APPENGIX; I / 
31. App&cigate,,the dollar amount of federal 

f&i&id aaeietenoe.'.' (Cheok one.) 
/ Less &&;-'~,~,ooo _. 
m $30,000 to.g$,yyy 
f=.$25,& to;~$4q,yyy' , 

', 

/1 #so,ooo to ~74,YiYY 
/-7~~tis,ooo to #100,000 

/-7r.yare then $100,ooo 
_' i 1 

32. +ppr&imate:lthe a0iles amount of State funda+ 
(exolu.ting edtiation runde) mead30 fer for _- 
m+-ioation &+ivities. (Cheok on!.) 
/1 None ? .'I' 

",.. .) , : ,C'. > 

f-g Le+ thaxj $10,000 ,_. - ' ,.._ 
, c 

n 8&-M to 424,999 .( _., :,'., 
/-7f25,000 eo ~49,999 '.. ; .‘ I ,; ., " 
/1. f$b,ticl to #'ii;,993 
~'$75,000 to ~100,660 " :‘ '; 

/7J?T= than WP? j 1 

33. Approximate the dollar amount of State funds 
(exclding education fOnds).budgetecl for future' 
metrioation activities. (Chtiok one.) 
D, Fone ,' 

!: : ,'.' 

n I.esd &en $10,000 

/1 m,ooo to p41999 
/-7 t25,ooo to .$49,999 

/. 
'. 

';r7 !mooo to 874,999 
n 875,000to $100,000~ .' 
n Nore than tloo,ooo 

F. Potential Imaaots of Metric Conversion 

34. Mated below are several ADWANTAGES frequently 
attributed to oonve.%ion to t,he me$,ric"ey&em. 
(Pleaee~inclioate whether you agree or disagree 
that each-would b&a si@fi&nt~~advantage for 
your State. (Please oheck one box for eaoh row.) 

f error 
___.-______ ~___ ---"-- or pro ec 

the present.amount of export and/or ~ 
work overseas of U.S. firms ,. .-- . _ C6nversion will provide an oppoe 
tUdt.V t0 StandsrdiZe D3YOaUCtE 
Trade will be fedlitated through 
a common meatlurement langue~ 
Uee of the metrio svetem WI 

II II 

in cornpa the dces of DIVaUOtB I 
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35. Lieted belo; axe eevercil DISA&Al$PAGE& fre- 
quently attributed to conversion to the'metrio 
system. Please indicate **ether you'egree or 
disagree that eachwould be 8 eignifio& 
disadvantage for XOUR S!l?A!l!E GOVENMENT.~‘(Please 
check one box for eeoh row;) _ ~. 

foreian 5muorte ,.., 
Conversionof buildi& pro- :. 
hots will reouife retest- 
lM.ldingoodes and stendarda 
will have to be chsxnred 

36. For your State government; would the advantages 
of conversion to the metric system outweigh the 
disadvantages or vice versa? (Please oheck one.) 

/-7 Advsntages signifioently outweigh 
disailvani:ages 

/ Advantage s1iShtl.y outwei&. diS8dVkWtrigeS 
/1~Advant&~?s would.be about the same as 

disadvantages 
/-7'Disedvsntsges sli&tly outweigh advantages 
/-/ Dis8dvant&es .signifiosnlyoutweigh 

advantages 
ff No basis to jucQe 

37. For the United States overall, would the advan- 
tages of-conversion to the metric system 
outweigh the disadventa&s or &ice,versa? 
(Please check o!ne.) 

/-7 Adv8nte&s significantly outweigh 
diS8dV8IltSgeS, d ,- 

a Advent8ges slightly outweigh disadvantages 

/-7 Advantages would be about the aeme es 
dis8dva;ntages 

/-7 Disedvsntaqes sli&tly outweighadvantages 

/-7 Disadvantages significantly outwei& 
advantages 

/1 No basis to judge 

APP,ENDIX, I 

G..S&edules - 
:  

Time ,Me hr 'Met& &~~&aion~ 
_. !,:: .- ., ~- _: ,., . 

j8. If the United States oonverts to .the.Wtriio 
'system, 8ppmatelY what-would be the 
shortest time frame for y0ur State government 
to convert? (Please check one.) 

. 
.: .; . : ‘_ 

I  

39. If conVersion is not:made msndstory.wh8t i0uJ.d 
be the optimum amount of time your State govern- 
merit would nectd'to convert? (Please check one.) 

k 

/‘17 less then 5 yews . ,, 

us - 10 years 

ff 11 -..I5 ye,- I 

/1 2’ - 25 years 

/1 26 - 5fl years 

/-7 More then 50 years 

D Never 

coMtG2iTs: 

I 
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t+O. If you have 8dditioneS ooumante on any of the item within the queetloxnxtre or reLeted topior not ' 
oovered, please feel free to exprees your viewe in the spaoe below or etAoh additional data. We 
would be especially interested in receiving oopiee of lewe, regulationa,geEeeolutiona, &ate plam 
or other documenta which eetablish &ate or looel polioy tow8rd oonversion to Um met&o ayatem? 
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CHAPTER. 24 \ .' .^ 
METRIC EDUCATION IS ON ITS WAY 

Children are'being taught the metric system in. schools 
throughout the Nation. 
metrication. 

All State education. agencies. support 
Some States have,';set target da:tes when metrics 

will be the principal measurement system' taught. Others' have 
not seen fit-to work toward specific targets; Howe-ver, 13 
States have set 1980 asI the tar.get date;when the metric'system 
will be taught as the predominant system ‘in their -schools. 

:,'Teachers were evenly divided about ,whether:metric ,should 
be taught as the predominant system of 'measurem.ent or .whether 
both metric and customary should be taught on an e&al basis 
for a long time. State education authorities' views.differ 
on how long students will need 'a dual measurementcapability. 
Depending on the long-range metr.ication timetables of some in- 
dustries and the possibility that some segmen.ts of the economy 
will not convert at all, it is likely that the customary sys- 
tem will need to be taught along with metric for many years. 

State education authorit,ies feel that metric .education 
can be incorporated into the sch,o,ol program at little cost 
after, teachers are trained. ,Costs for travel to tra'ining 
sessions, payment of substitute teachers while. regular teach- 
ers.,are being trained, 'and stipends to‘teachers for' additional 
time in training and purchase of materials'could ~be,substan- 
tial., On the other hand, in the classroom metric instruc- 
tional materials and textbooks can be provided at little or 
no expense as expendable materials are replaced and, textbooks 
are obtained during a normal c'ycle. 

,Over the \last 3 years, the U.S. Office of. Education was 
prov.ided approximately\ $6.3 million for metric education. This 
program was authorized under the 1974 Elementary and Second'ary 
Hducation Amendments Act which provided for a program 0.f grants 
and contracts in order to encourage institutions of higher 
education; State and local education agencies; and other public 
and :private nonprofit agencies, organizations, and institutions 
to prepare students to use the metric system. The program 
manager told us that the cost of introducing metric education 
in the schools will be higher than originally expected,' 
although no cost figures were provide,d. 

We'discussed metric education with officials in the'U.S. 
Office of Education, the National Institute'of' Education, and 
national education associations. 
colleges and universities. 

We talked to professors in 
We also visited officers of the ' 

State education agencies of six States and surveyed the State 

/ 
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education agencies of the entire 50 States and, 3 territories I 
by questionnaire to get information on metric views, 'projects, 
plans, and problems. 
appendix I* 

The questionnaire used is.reproduced in 

METRIC VIEWS 0~ 'ALL 'THE STATE. 
EDUCATION AGENCIES ., 

We obtained a loo-percent response 'to the quest-ionnaire 
we sent to the 50 States, Washington, D.C., Puerto Rico, and 
American Samoa. (Hereafter, we will refer to the respondents 
as States.) The questionnaires were sent directly to..persons 
whom we had identified as the responsible State metric.educa-. 
tion officials. Many of these were officials inthe:mathema- 
tics departments. 

National policy understood 

Most of the respondents (46) understood that the nat‘ional 
policy is one of Federal coordination and planning of volun- 
tary conversion. However, ,four did not know that the~re was. 
a stated national policy. One .thought.-the pollicy called for 
gradual mandatory conversion, and one thought that'm,andatory 
conversion was to be accomplished in 10 years. L > 

/ ' 
Metrication receives strong support 

All respondents supported U.S. conversion to metric. 
Thirty-four strongly supported,conversion, and 19, supported 
it to a lesser degree. This support for national conversion 
probably accounts for the fact-that most States and territo- 
ries have or are planning metric education activities for 
their schools. 

Teacher sentiment favorable 

Fifty of our'questionnaire respondents were of the 
opinion that teacher sentiment toward teaching the metric 
system was favorable. Their views were about eve:nly divided 
between (1) those who thought teachers believe that we should 
start now to establish metric as the predominant system be- 
cause national conversion is inevitable and (2)those who 
thought teachers favor teaching the metric and customary sys- 
tems on an equal basis because the country will need both for 
a long time. 

Our survey showed that the majority feel that teachers 
are willing to teach metric either predominantly or equally 
with customary. 

I 
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Role .of Federal Government / 
,. 

The questionnaire respondents' views on the role of the 
Federal Government strongly favored coordination and estab- 
lishment of target dates, as shown in the following table. 

Aqency Views on the Role of Federal Government 

Agency view Number of States 

Plan conversion ..- 38 
Coordinate activities 46 
Establish targets '_ 45 
Counsel and advise 37 
Legislate the process 17 
Make conversion mandatory 15 
Enforce conversion 12 
Other s 6 

1980 is a big target year 

Ha.lf of the States had decided to wozk toward predom- 
inantly metric instruction. Most of these had.established 
target dates to'accomplish this objective. As can be seen 
in the following schedule, 13 of these States had set 1980, 
only 2 years away, as their target.date. , 

Tarqet Dates For Conve:rsion of State Schools 
I to Metric Instruction 

', 
1978 1980 1981 1982 1983 1984 1985 

Calif. Ariz. KY. Miss. Minn. Idaho La. 
Del. N.C. Oreg. 
Fla. W.Va. vt. 
Ill. . 
M.aine 
Md. 
Mass. b 
Neb. 
N.Y. 

: N.Dak. 
R..I. 
Utah 
Wash. 

New Jersey's State board of education passed a resolu- 
tion in 1973 which "ur,ged" its school districts to initiate 
a program of-instruction so that metric will be the "primary 
language of measurement at all level/s of instruction by 
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1976.” In November 1977 when we checked to see if the target 
had been,. ,attained; an;.officia& of. 'the, State educatLon%epart- 
ment told us that there had been no,significant increase 
in metric instruction in the State's schools since the 
resolution. He said,that part of the problem may be that 
New Jersey does not have a-State mathematics curriculum that 
would assist by giving time, scope, and sequence of metric 
instruction to districts needing such help. He also stated 
that urging does not mandate compliance. He noted, how- 
ever, that because the State's'tests of mathematics basic 
skills now contain. metric items., school districts will be 
influenced to give greater emphasis to metric instruction 
in their curricula. : : 

In 1974 a resolution was i'ntroduced ,inthe State's 
legislature requesting the State bo.ard\of education to make 
its urging of the school district a mandatory order. How- 
ever, this resolution was never passed. 

Of those responding, most thought that measurement in- 
struction could be converted to met,ric in 10 years or less. 
Twenty-five felt it could be done in lessthan 5 years. 

I. / 
The need to continue teaching..'some. customary measure- 

ment was estimated at 10 years, or less by ,2,9 of the, .r,e.spons 
dents; more ,than 10 year.s by,,l6,. ,.Of the Latter., seven felt 
that customary $nstruc,tionwould be needed, indefinitely. 
Eight respondents felt,th.ey had no ,basis.to judge. 

.' 
Current education policy plans ,_, : '- " 
toward the,metric system 

As shown in the foilowing chart, 
< 

2,5 State education 
agencies have adopted a policy in all grades of teaching 
metric measuremen~tas the basic system with minor instruc- 
tion in-customary measu,rement., ' 

Thirteen Stat,es had decided "to teach metric and cus- . 
tomary.with equal emphasis in all' grades and subjects. 
Three will.continue to teach.the customary system in all 
grades but with minor instruction in metric. Only two had 
adopted a policy of teaching only metric in all grades. 
The policy of three States was to teach some metric now and 
increase instruction as dictated by the speed of conversion 
in society. Nine of the Sta.te agencies had no clear cut 

'policy about metric in their instructional programs. 
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.&ate Educatiov Agency Poliiy .Toward Metvie Instnmtion 
,I 

Customary 

Metric and 
Customary Equal 

All Metric 

The American school system, comprised of about 17,,000 
school districts, :is highly decentralized, and States 'do not 
have strong-control over what is' taught in their schools. 
Only 22 States ,have a,mathematics curriculum developed at the 
State education bagency level; Nineteen of .t'hese' are .merely ' 
suggestive guid'elines from-which Ibc'al school distrficts may. 
develop their own mathematics curriculum. Few of the States 
felt that they could legally regu'ire',that metric ..be included 
in local curricula. Therefore, most,States may not be: able 
to implement their metric policies in all local school dis- 
tricts. ;i'- 

. 
However, almos't half (2.5) of the' respondents hdve a poli- 

cy in which the State education agency approve's"the textbooks 
to be purchased by school districts with State education 
funds. Nineteen of these indicated that State ap~proval of 
textbooks could be one way that the State agency could influ- 
ence the growth of metric. 5nstruction in local school dis- 
tricts. 

Metric instruction'in the States > 
,, 

Some metric instru.ction is taking place in'over half of 
the school districts in the country. Many of 'the States ,i'n- 
dicated that they were just getting started in planning and 
curriculum development, orientation or training of teachers, 
and procuring necessary instructional materials. The biggest 
problem indicated was that teachers do not have the necessary 
knowledge and skills to teach metric. However, during the 
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past 5 years, 38 of ,.the:: St-a+ $a:+ mos"t;of t.he ':t$me. a-@:,~. '++ 
effort directed towar.d,,"the. met,r.lcr,~d'~~,~t~on‘ pr,ogram, wa~&~'fo:r 
teacher training:' onlj I' sa:id that most' .:of .the :&me,,,and ,.,:ef,+,, 

/ fort was spent on ,tila:$s;rdom inS”ti,uT’tibn;$ i-;; ,.“i..~-“~~,l”‘~~:;I ,;:.” 
2’. t. ‘, 

i’j.,:, 1.:. ‘+ 

.. .‘?‘;’ ’ .;: ,,’ :' 
The emphasis on -m~t‘;.ic.-in.~tru~~tion.has :c,hanged over the. \ 

past 5 years. Metric, w'~sj:'nb~:,,a:.,m~~'~ir 'eGph,&s'is jin -ahy .s;i;h&" ~ 

leyel in 1972. At. present, ,"8 of th.e"St,ates: wjl'& igive .major 
emphasis to metric $n grades kindergart;,en. through,;!.3;, ',lJ..i in 
grades 4 through 8; and '4, :.Sn grades., 9, thr~oug,h' 12:. .:Mos't of 
the schools now will give ,,rnoderat~~:e~phas:is".in all' :g:rades : 
as contrasted to minor .o~,r. .no',-em~ha:s'is,,~~5 '&airs ago. .i 1 "p >.:," .' ,.',,. .' .' ,I ,',.' ', The cur,.$icuiu~ air-as*, affect-a a. ,gi~~,~--;deal,.‘,‘~y meti ic in- 
struction wil.~.,be,.'~athernat'ics", s.~~$;~,cei,~~ho~a,.e.cbnomic,s, indus- 
tr:ial arts ;~,r:I,an~..'vb~at,i.bnh.l/--t,echn~c'al':.siibj;~dt;~..' ,$hysical and 
heal,th educat,ion -wi,$:?. be .'.affected somewhat;-,,. Respondents: felt 
that" lang,s'a4e'.';ar,,ts,, ;sociaL ..,studies, and f.ine arts-"will' be af- 
fected very I'ittle :or 'not at all;,,, ,. :, .' 

_: >; : . ', ,...../( I. 
Th,irty.:tGo .res,p.ondents, felt that'the metric system &ll 

be easier ..to'.teacl$.than the-,customary system, and 49 felt 
that ,Studen,~~s~~_,will.l.'learn':,metri"c ‘eas,ier, and ma.ke. fewer '-errors. 
Twenty-nine: of ou,r:Ire,sp~nde~~~s. bel.ieve that once le,ar-ned, 
metric skills will': be.i.;retaine.d b,y studentsleven in the pre- 
dominantly ~c'u.sto,mary 'world, in ,wh'ich' they 'l$ve-i However, J8 
thought that ~.metric~~'sk'i.lls would be qu.ic~ly:'l,ost,-tje.cause .most 
everyday., activities‘ are still: customary~. :,"_,' '; :I;., :. ,-' ,. 

Advantages outweigh, disadvantage"s""G,' 
L,, 

~ ,',' I, ,, \' 'L', , 
'State education agencies thou.ght 'th:at the advantages, of 

converting to the me,tric system outweighed the disadvantages 
to their .educatiou.aQ-.rp,rograms. 
vantages, wo.uld be &ignificant, 

Thirty-se&u thought the ad- 
and 10 'thought therewould be 

slight advantage.. -"%our thought the advantages would'be equal 
to the disaavantages;. ,-Although two had no' b&is to judge, 
none felt that teaching metric would be,,disadvantageous. 

Fifty-one respondents thought that'among students. with 
no prior mea:surement skills, metric could be 'l.earned faster; 
8 thought slightly faster; and 43, s$gnificantly faster. Two 
thought there wotild be no difference+,, However, only 23'of 
53 respondents agreed that the time saved would be. sufficient 
to teach additi'onal subjects 'not'now':inthe curricul,um. 

The majority thought that the,.metr,ic system would be 
easier to teach and learn and that,'the system would enhance 
students' achievement in scientific;::v.ocational, and tech- 
nical subjects'. Forty-nine felt.that-use of the metric .sys- 
tern would result in fewer errors.al.though 26 ,did not believe 

:-- 
I--- 
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it is a more-accurate system..:, 'i" The,following chart shows how 
State authorities viewed:'frec@entl-y attributed"advantages of, 
metric instruction. .- ..A' j- 

3 > : I;- 
Advantages of Metric Instruction ' “r; 

as Viewed by Respondents ;. .; 4' 
..:- 

No -basis 
Advantages Agree Disagree "to.,judge 

). ,. ,-. 
The metric system is easier to 

teach and would allow more time ' " 
. I' ^ "_/ 

to teach other things. 32 17 4‘ 
i 

The metric system is easier to ,:." !' 
learn and will result in fewer 
errors. :, 49 1 i : 3:~ 

. . . . . . b. ,.: .' I ; Is 
Metric measurement is more '2 .'1“.. 

accurate. 22 26 4 
: 

Metric instruction helps stu- ' li . :- 
:: : 

- 
dents learn fractions easier. 7 i . 36, _. 9.. :,.. 

: 
The metric system will enhance 

students' achievement in ', 
scientific, vocational, and -, - . 
technical subjects. ,37 '7 .,9 

-. .., 
/ 

:The majority did.not,anticipate that. conversion-to met- 
ric would confuse teachers and students or be cost1y.i.n terms 
of staff training or procurement of textbooka and other ma- 
terials, as shown in the followingichart;, -I 

., $ ._ 

II 

i 
i 
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. ‘Disadvantagesof Metric Instruction 
(_ :' : ,as Viewed by. Respondents :..<> .! : , '11. , 

/ ,, ': 8' ; 
No basis 

Disadvantages 
‘ ._" ..' ~._. 

Agree Disagree to judge 
' ,I : ;- 

Conversion to the metric,: "_ : z' p 

system will confuse students. -3 49 1 
I 

Conversion to themetr,icsystem ,.I.. ;< ,d' _., / Em‘ 
will confuse teachers with 
resulting loss of produc- -10. .:. 42;,$ 1‘ 1; 
tivity. /'^ ! y;;- .I, : .:;'] , ; 3 

'_ 
Staff retraining will be 

costly. ', * 16 :. ., /, 37... ." :' -- 
.,_ ,.: 'j ,' .i ~,; 1: .~~. ij 

t Changing textbooks and other li . I. G 
instructional materials will g 
be costly. 12 : : ' -: 38-.,. 

F : : 2 i ,'i. 1 j, 2 
Metric measurement skills will i Q FY 

be quickly lost because every- 
day activities‘are still based ', i .: 's ,y-:, 
on customary. 18 29 6 

_' 
Costs of conversion ,;<i'.. ~I, ,, '1 : .._I, 

: <~ ,.;- j 
-State education agency respondents did not,feel.that 

metric instruction would drastically affect normal costs. 
Most felt that additional costs incurred would be moderate 
to slight. In some cases.the ;opinionwas‘that sav,ings-'may 

'even result-. ~. ': &A .,,. ; .. i ;,. '- ,,,. 
i, * " .^ : ..- ;, ,; 
Thirty-seven of.'the respondents, indicatedjithat during.::: 

the last 5 years most of the money spent for metric educa- 
tion was for teacher training,' 10 spent most for planning 
and curriculum development, and the remainder spent most for 
various other activities. 

At the time of our inquiry, 47 of the States had ex- 
pended less than $50,000 of Federal funds for metric educa- 
tion activities since 1970. Forty-five estimated they had 
spent less than $50,000 in State funds on metric education 
since 1970. Most of the State education agencies had spent 
less than $10,000. 

L 

Eleven of the agencies reportedtno expenditures of Fed- 
eral funds and eight reported no expenditures-of State funds 
during the period. . 

- 
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' U.S. OFFICE OF EDUCATION ACTIVITY, : ." 
/ 

The Office of Education, Department of Health, '- '~ Education, 
and Welfare, has been involvedin metric education:since. 1972. 
Programs funded by the Office of Education ha~ieil:be~~.-.~d.esigned 
to develop metric educationinstructional materials- in'voca- 
tional, technical, and ,adult education.and .teacher, training 
materials.for people with sight handicaps, reading- difficul- 
ties, and, other,learning deficiencies. L Otherfunded,programs 
were directed toward developing...working models which-states 
and. territories could use inthe transition to,metric'educar 
tion,and planning how the Nation,ts educational instit,utions 
can~:best prepare Americans to .understand,.a,nd us.e..metrics. 

' Those programs were supported by,the.Office,,of Education o 
through funds not specifically appropriated ,for.metriceduca- 

'.. tion--elementary', 'technical, adult., andresearch funds..;.Leg- 
islation passed in August 1974, however,.specifically pro- 
vided for metric education grants in fiscal,years 1976, 1977, 
and 1978. A total of $6.3 million'was appropriated for this 
grant program. 

Early metric education.projects :). 
. 

,Five major metric education ,grants were awarded by the; 
Office of.Education before.the specific metric. education,pr,o- 
gram, authorized in 1974 to begin funding:projects in fiscal 
year 1976. ‘ 

I ; ' 
Metrication of technical 

,,,career education ,' ^ ,I 
:, 

Western Michigan.'University-.was awarded a grant of 
$163,241 to develop 'teacher training programs and materials 
for metric..instruction in technical career education. ,-ManuT 
facturing-companies and ,associations, including a-machine tool 
company involved in metric products, were advisors to the 
project. The materials developed were tes,ted in 125 colleges. 
Because no copyright is .involved, 
able for use without restriction. 

these materials are,avail- 
The program was begun in 

1972 and completed in 1976.. 

Metric conversion in ,. -7 
vocational educati,on 

Western Michigan University directed the Conversion in 
Vocational Education Program parallel to and coordinated/with 
the Metrication of Technical Career Education Program. This 
project, however, was to develop curriculum analyses.,for edu- 
cation and training programs in -manufacturingi construction, 
business and office practice, and the health area. 
phasis was directed toward minority g,roups. 

Ma,jor em- 
Funding of 

24-10 



$98,840 came from vocational research ,f.,unds/ Business.and 
industry, especially manufacturing, were advisors. ,. ! ,A< : ',' ~ 

Vocational~~~technical, and '. 
adulti": &dcat-bn ', 

I  , ;  

In June,-1974 Ohio'State University wasmawarded,a,3-year 
contract;for the'dev'elopment and utilization of metric.in- 
structional!materials in':,vocational, technical, and adult 
education. -The objectives'were'to,prepare, an annotated bib- 
liography'of metric-education materials;; write a position, 
paper on the problems and issues of a.metricsedhcation pro- 
gram!, deve.lop inst~:uctionii~,--p~ckages;,.,and~:aonduct -tra,ining , ~ 
workshops"fo'r teachersin, each of:,the 10 Office.of Education. 
regions: This project,'..completed in 1977, was cofunded with 
vocationalsand-technical educationcurriculum devePopment,and 

I 

adulte'duca'tion funds totaling‘$496,071.. 1, '( s' 5 .,. I j / :' ', : g 
.. Five-State Consortium on g _- 

Metric Education : c_: F -d 
The Five-State Consortium onM,etric.,Education was com- 

prised of the States of California, Delaware, Minnesota, 
Mississippi'; and North.Carolina.. ,With North Carolina as the 
administrative State, the.,Consortium set out in July.1974 to 
develop some working models in'metric education which,.other 
States and territo,ries could use in transition to the metric 
system. 

I 

L- 
Each State was assigned major'responsibility for -parts 

of the project and all were asked to develop a phased plan 
for metrication within ,their respective States'. 'Plans were 
to,be'shar,ed with all States as'a means of advancing national 
metrication. Funding for,the Five-State Consortium was 
$651000‘ from elementary and secondary education- funds. 

; 
Interstate Consortium on : .- 

' Metric Education : 

The Interstate Consortium on Metric Education consisted 
of representatives of 28 States and territories which met in 
1974 for the purpose of planning how the Nation.'s-educational 
institutions can best prepare Americans to‘understand and use 
metrics. The States and\territories selected were those that 
have,centralized te,xtbook adoption policies because they have 
the greatest impact on textbook content. The ,Consortium's ef- 
forts were.directed toward guidelines for developing effective 
instructional materials for teachers and pupils, mounting a 
public awareness program to.support the school effort, and 
developing suggestions for teacher inservice training. Fund- 
ing for this project was $81,000. " 
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The Interstate Consortium recognized that the ,use of 
customary units would,continue in the United States for 'an 
undetermined period of time and that the,two, systems of mea- 
surement would e.xist in many schools. However, they antic- 
ipated that special needs will place customary units in a 
different role and that,they will eventually acquire a sta- 
tus of merely historical'reference. 

The Consor.tium produced a report containing 23 recom- 
mendations. These included recommendations that 

--for matters concerning definition of units, style, and 
spelling in the Interhational System of ,Units, the ! 
National Bureau of Standards-' metric system guide 
(NBS-330) and industry's metric practice guide (American 
Society for Testing and Materials publication E380-72) 
be used in.preparation of instructional materials; 

--conver.sions be avoided; 

--the.metric system be taught throughout'the- school 
t curriculum; 

r-metric public awareness programs precede.adoption of 
metric educationa. materials;. 

--January 1980 be the target date for completion of 
transition of textbooks and other instruct.iona.1 " ' 
materials: and 

'--business, industry, and' other organizations be in- 
formed and involved'in transition. 

In October 1974 a committee of eight members met with, 
major textbook publishers to explain the recommendations and 
answer questions. .,It was felt that by alerting.publishers 
about the impending, change to metric, they would be better 
prepared to meet requests for metric education materials. 

Direct assistance for metric education 
. 

On August 21, 1974, the Congress enacted Public Law 
93-38.0, an amendment to the Elementary and Secondary Education 
Act of 1965. Public Law 93-380 was the first act to authorize 
funds specifically for metric education. In section 403 of 
the.act the.Congress declares that it is the policy of the 
United States to encourage educational agencies .and institu- 
tions to prepare students to use the SI metric system as part 
of the regular education program. This statement of policy 
was based onthe reasoning that (1) the metric system is in 
general use in industrially developed nations, (2) increased 
use in the United States is inevitable, and the metric system 
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will become,the',dominant system,of. weights and measures, and 
(3),there isno existing Federal program designed to teach 
children to'use the metric system,'and such a,-program is 
necessary.,if the.American peop&e are to adapt,to-metric use. 

' . 
This legislation, which provided for metriceducation, 

was part of a package of ed-ucational amendments which also 
included provisions for gifted and talented students, commu- 
nity schools,-.career education, consumer education, womeh's 
equity in educational programs, and arts in educational'pro- 
grams. The assertions about the metric system's dominance 
and inevitabi,lity -were--'directed to: the,:educational community 
to get the schools going in,teaching metric. Later.the Met- 
ric Conversion Acto.f'l975, which, establ:ished a-much broader 
policy for the entire Na'tibn, omitted these assertions. The 
1975 Act and,~its,legislative history ,s'how-the' national policy 
is not.to prefe'r 'one system over the other but to:provide for 
either to be predominant on the basis of the voluntary actions 
of those affected. ;. >"_ 

As.provided by the .1974 Education Amendments Act, the 
Commissioner of Education is responsible for implementing a 
program of grants and contracts in order to encourage insti- 
tutes of higher educat.ion:; -State and 'local educatioh-agencies; 
and other public and priv,ate nonprofit agenc?es, organizations, 
and institu,tions to prepare students to use the metric 'system. 
The Commissidner was: authorized $10 million -f'or,each of the 
3 fisca>l.- years ending, before. July ;1978. Actual funding, how- 
ever amounted to approximately $2.1 million for each of the 
3 years. 

The manager of the Metric Education Program, told us that 
his experience in implementing this program has shown that 
sch.o"o.1' administratorshave. discov,ered that ,introducing metric. 
education' in school's will-require higher expenditures than\ 
expected. Specific cost figures were not provided:. He .said 
that sufficient resources are not being given to school dis- 
tricts, and many metric programs are in danger. of being.aban- 
doned. A Vocational Education official with the U.S. Office 
of Education stated that th,ere will be costs involved in 
acquiring new equipment and‘ in converting existing equipment 
used in vocational education programs. ! -: 

A Metric Education Program 'staff was established, and.72 
grants were. awarded in fiscal year '1976. Twenty-two were .. 
awarded to. State education departments; 14, to local school 
districts; 28, to colleges. and universities; and 8, to n-onpro- 
fit public and private institutions. Seventy-five grants were 
made in fiscal year 1977-- 6, to State education departments; 
34, to local.school districts: ,27, to colleges and universi- 
ties; and 8, to nonprofit institutions.' Sixty-six grants * 

', / 
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were made in fiscal year 1978--2, to State education';, 
departments; 38, to.,loc.al school districts; .20, to colleges>' 
and .universities; .and 6, to nonprofit institutions. 

, t 
The overwhelming majoritylof the ,projects funded were 

planned to train teachers. Grants were made to three consor'- 
tia of States. Two of these projects, trained.teachers to 
function as leaders to train other teache.rs in their commun- 
ities, while the other developed curriculum guidel-ines and 
materials.through an interstate planning council composed of 
representatives from e.ach Statels department of education. 
A total of 22 States participated in these.conso.rtia. 

,.) ,. .;, ;._, ,I2 :. . 
The American In&itutes fo-r :&search in Palo Alto Cali- 

fornia, received Office: of Education grants:of.$l65,QOk in. 
fiscal year 1976 and:$72,054in .ffscal year,.l977; to..provide 

-metr.ic :educ.ation ‘:te.chnical suppor-t. to all other, grantees. I 
Among otherservices; the;y established a tollfree number to 
handle calls:fr.om grante:es all over' .the :country and provided 
consultants *to handle onsite problems when nec.essar:y. '. 

: (, .:. :'. : 

A METRIC EDUCATIOF~ PROGRA~VI GRANT HELPED R;IORTH’CA~~~LINA 
TEACHERS LEARN TO TEACH METRIC. 

PHO;O~iO”RTESY OF JAMES BARRINGER, SALlSBiJRY POST 

24-14 



Under an interagency agreement, NBS was provided $'35,000 
for training, State weights and measures officers. We.question 
whether this contract was consistent with the intent of the , 
Educational Amendments, which was to support activities to 
prepare.students to,use the metric system. 

Public information program 

In August 1976 the Office of Public Affairs of the Office 
of Education in cooperation with the Metric 'Education Program 
moun'ted a radio-television public information campa-ign. The 

c 

objective was to provide information to the public about the 
metric systemr and to help dispel the public's fear of metrics 
by attempting to,show people that the metricsystem is easier 
to 'use than customary.- It.also pointed out that the United 
States is the .only industrialized' Nation not committed 'to 
the metr'ic .system. The campaign.;. "Take 10 America!," included 
public service, spots for r-adio and te.levision and a poster 
for responding to inquiries about the metric system. Varia- 
tions of the spots were made to appeal to low-literacy adults, 
children not receiving metric instruction in schools, teachers, 
and adults with at least a high school education. 

Spotswere deueloped, and ,distributed under contract at 
a cost., of about' $'63,;-000 i Three hundred a,nd, f,ifty television 
stations,and 1,'267 radio sta'tions agreed .to.'.-air the spots at 
n,o charge.. :The Office of Educationhad 120,000-posters printed 
at a cost of':about-$36,000. As.,of Ma&h 1978, these posters 
had .been mailed to 'requestors at:-:;a cost of about $43,000.' The 
Office had received',requests for -l.OO,OOO. additional"posters. 

_' 
'. We noticed that the letter‘from the U.S. Commissioner of 

Education to radio,and television stations:requesting their 
support states in error that, ilThe National Metric Conversion 
Act of 1975 provides for voluntary changeover within a lo-year 
timefr'ame.'! Th'is type of statement contributes to.one of the 
misunderstandings of the metr‘ic act that we have noted. Many 
do not understand that there is no time limit provided for in 
the act and,'in fac,t, there is no national policy to convert. 

THE.NATIONAL INSTITUTE OF EDUCATION 

The National Institute of Education, which was created by 
the Congress in 1972 "to ,help solve,, or alleviate': 'critical 
problems of American education through research and develop-, 
ment, initially funded two projects in metric education re- 
search. "Going Metric," dated 1974, took a superficial look 
at the impact of metric conversion on the education system of 
other countries --United Kingdom, New Zealand, Australia, South 
Africa, and Canada. In 1975 "Metric Inservice Teacher Train- 
ing: Learning from the English and Australian Experience" 

24-15 

-  

/  
.J  



specifically reviewed the;'inserv.ice,teacher training programs 
of England and Australia'to, dete,rmine their.applica.bility in 
the United States. Both were done.under con,tract "withthe 
American,Institutes forResearch'for .$25,000: and.. $2,3,,0'00, . 
respectively,; Both reports were made availableitothe publ,ic. 

,' ., :: r 1 
"Going Metric" identified three. needs.;for-‘successful con- .a vers*ion: (1) broad.scale involvement 'of al1‘ma"jo.r. elements'cin 

early planning, (2) committed government po,licy::and firmsched- 
ules, and (3) continued communication and coordination. 

,._ i .r '., ,.i. ._. '.. 1 i, 
"Metric Inservice Teacher Training" emphasizestha't.the 

decentralized,nature. of America S.:educat-ional-systemzmakes. ai 
coordinated; well-planned, teachertraining:strategy absolute- 
ly.necessary, i‘ '.:I " : .-; 1 .‘jl +" -  

> I  . /  , .  , : . ;  ._ ( .  , :  , : ,  (  

: The National, Institute'later funded two additional metric 
projects.. In 1976 David,Nero-.and'Assoc-iates were granted'"'.. 
$60,000 to perform%,a metric.needs a.ssessment'bymsurveying' 50.; 
State 'and 6 territorial depa-rfients of education andba sampl- 
ing of teachers colleges-to find out what is required in the 
way of preservice',and inservice?educafion of:'teachersgand what 
materials are,needed to conduct'metric course-s; ' In March 1977 
the American Institutes:.for Research.was granted‘ $50,000 to, 
conduct a study of,the ,education: agencies,,of sevencanadian. 
provinces>to identify the succ'esses‘ and:.failures,"encounter@d. 
in metric .educational implementation;, Both'stu.dies are sched- 
uled forcompletion by.the.spring of 1978. YFindings will:*,be 
sent to the U.S.. Metric Board and disseminated;to State and '. 
local education agencies to assist these bodies in ma,king -.: 
decisions about metric education. 

.'j, / ., .)). j. 
STATE EDUCATION ACTIVITIES 

* ., 
We visited the'state education agencies of California, 

Georgia, Maryland,-Minnesota, Ohio,,and Pennsylvania to'get 
more detailed information:on the status of metric education 
activities. Metric educationactivities were at varying', 
levels in each State. Although metric instruction was well 
advanced in the classrooms of Maryland, most'of the others 
were-at various levels of teacher training. 

5 
All of the‘,States we visited are receiving Federal met- 

ric education funds. -In fiscal year 1976,,14'grants to State 
education agencies, local education agencies, nonprofit or- 
ganizations, and colleges in the six States totaled more than 
$500,000. 'In fiscal year 1977; 12 grants-totaled $327,000, , 

The Minnesota State education department was operating 
under a firm statute by the legislature that the State would 
begin "the gradual but deliberate implementation of the,metric 
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system of weights and measures..!'- :The..act specifically 
authorized,the Commissioner of;Education, along:,with the- 
Commissioner.of A.dministrat,ion, to:deve,lo@ and implement a 
plan o;f.public.education in the metr.ic system. This act, 1c 
passed in.:l-974, anticipated that the U.S. Congress,would pass 
a metr'ic conversion act providing for a predominantly metric 
America:;-, The other- States.' moves toward metric-instruction 
were motivated. by'the chief State school officer or the State 
board, of education.,‘ ._ I.: ;., (1. /' 

_, ",. // 
California, Maryland, 

i. 
and Minnesota have set target dates 

for,accomplishing conversion-,in public schools. In Maryland 
1980 will.be the datefwhen the,metric system will.?be,predomi 
nantlp,used in,:all instructional. areas. In Minnesota, 1983 is 
the target date when 9.0 percent of the State's teachers will. 
be teaching customary measure only incidentally. California , 
has, established. 1,988 as the year when graduating high-school 
students w,ill have had metric education in all grades, kinder- '~ 
garten%through high, school, and,1978 as <the year yhen some 
metric wo,uld be.taught in all grades. 

. ." 
Except forthe costs of*,training-teachers,most States 

felt that metric education will increase educational costs 
on,ly slightly., 'If planned, wel,l, textbooks with necessary met- 
ric content can be brought.in within normal turnover,periods. 
The same:holds true, for.rulers, volume.measures, scales, and. 
other teaching, aids. 'Teachers are also urged to.supplement 
commercial;materials with weights and measures.made of easily 
obtained. everyday materials, such as coins,,stones, paper 
cups, and,the like.. s 

.r *_: ,.' 
Some problems of the States, : 

In Georgia we were told by a State official that no tar- 
get dates have'been set because they cannotforesee a time 
when customary measurement will not be needed. The.official.. 
said.that schools must teach what- students.,need.. To,gear the 
school, to all-metric instruction is impractical. Even if the 
United States makes a firm commitment to go metric, educators 
must coordinate the balance between customary and metric in- 
struction with the pace of change in industry. According to 
the official, when the student is really confronted with metric 
in industry, the store, and other places,:metric can be taught 
exclusively.with customary left to be taught incidentally. 

Although.target dates have been set, an official in Cali- 
fornia said that the Federal Government must: exercise more 
leadership if we are to convert successfully. Resistance to 
conversion is aggravated because metrics are not,seen in such 

: ._ 
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places as the;-supermarket,:.the drug store, andithe.gas station. 
Even'in?th'e.dual-labeling'on some packages,,the metric units, 
are often incorrect. Either view--" Educators must beg'in now. 
to prepare stud,ents for a metric world" or "There is no 
rush to change.students.to metric thinking"--could be; true. 
Leadership is needed very soon to help us decide, which o,f 
the-se,views should' influence educators. Th,is official also. 
thinks ,that th.e;Metric Conversion Act--is too permissive. 

, : '. : .. ;/* 
1.n one State we'were told that interest in metric edu- 

cation is neither high among,school administrators noramong‘the 
classroom teachers who will, ultimately,determine the‘success. 
or ;fai.lure of.,metric education: 'A:>::.. '. 1 I 

r.:,. '_: ;. ', 
One problem faced by five of the States was that although 

the State department exercises 1eadership.i.n conversion to 
metric educ,ation;; the'local school,d,istricts make,the.ir' own : 
decisions about teaching metr.ic .+P,YThere, are about. 2.2800 school 
districts in the six,Sta.tes wei v,isited, representing,about,;,.., 
12.6 million students in grades kindergarten through 12. 
Three of the States have a.mathematics curriculum developed 
by the,State education, department,, ,b,ut these are only sugges- 
tive guides from which school.districtslmay develop their own 
curriculum. The 0.the.r States,:did not‘have, a State-developed- _ 
curriculum. ,:Therefore, except for Minnesota,,whose metric pro- 
gramis reinforced by legislation, there are no controls to.. 
ensure that metric.measurement will,be:taught. Most felt.that 
stronger Federal legislation is necessary toinfluence State 
education laws. 

,(r 
HIGHER EDUCATION >'. 

,.'.; 
,' ! ! 

/. .. 
University schools of.education*and:t'eachers colleges ,. 

have begun to,train .teachers to use and teach'the metric sys- 
tem, Some of these .have been assisted with funds,granted by.,. 
the U.S. Office of Education's MetricEducation Program. 
During fiscal years 1976, 1977, and 19781, 75 grants totaling 
morerthan. $2 millionwere awarded.to institutions of higher 
learning.r Most of the institutions'.projects were for educa- 
tion of teachers. Many of,the teacher training institutions 
we contacted were conducting-metric workshops innearby school 
districts or, inservice college credit courses oncampus. 

.Two university schools of,education we contacted have 
made metric instruction a required part of the preservice 
courses in elementary and secondary mathematics. One of these 
schools also requires the students to include metric as part 
of their practice teaching in regular classrooms. The offi- 
cial,directing the program said that this not only gave .the 

~ 
- 
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students practice-, but gave confidence to the:.;regula,r 
classroom,teach:ers, who;were generally insecurel.:about their 
competence in ,teaching,;metric. :-! .:.: ' ;- :' 

J :: . . .', _ i : ) : : 
The.American Society for Engineering 'Education is en; : 

couraging conversion to metric instruct*ion,in university: ' 
schools'of engineering.*, In June 1977 the Society'sMetrica- 
tion Coordination Committee passed.a resolution. stating that. 
metrication is important to the present and future welfare 
of the United States and urging,the.President and the Congress 

to exerc,ise leadership to prevent delays in national conver-' 
sion. They suggested .that,the,Congress use th,e metric system 
in the wording of its laws and.a,lso take apptopriate.zaction- 
to modify existing laws that may preclude use/of the system. : . : .'.: _ ' I 

.Commit.tee members,to,ld. us tha.t.the Society is-trying to. 
draft policies.urgi~ng.engdneering schools'-to, convertto at : 
least dual.instruction-. They would, like,ascmany textbooks 
and as much laboratory.equipment as.possible to be converted. 

-,: ,,,: - 6 
Professors, in schoolsiof engineering told us;they are, 

for the most part,- ;increasing'the:use of metric, in'their 
courses as textbboks,become available and laboratory: equip- 
ment can be, sedured or converted.‘ Textbooks with exer,cises 
in metric have; been a problem but are now'becoming more. 
available; Most are dual; but some are all metric. (Thermo- 
dynamics and' Heat Transfer are subjects which now have good 
all-metric textbooks.) " .: 

_. (. 
Professors we interviewed said--that the difficulties of 

using metric in engineering courses may vary with the"subje6t 
matter of the course. Much of electrical engineering has 
always,,been metric;,although':transformer design'is'basically 
customary; Mechanical. engineering has used'metric and'eusto- 
mary., Civil engineeringi petroleum-; and“geologica1 engineer- 
ing are basically customary;:]" .: !. ,_ "j -:, j.s , \\,. . . . . . :I" :' J 1 '0 

Several professors'said -bhey.,have.found that an hour or 
two introduction to ,metriCrmeasurement is all the time ,needed 
to.devote exclusively to'the'system. Students increase /their 
metric measurement skills,a.s they,learn the subject. One said 
that since students have begun using,,metric, the errors made 
in simply converting from one customary unit to another 
(inches ,to feet, feet to yards, etc.) have been eliminated. 
Now, because .of the simplicity and logic of the metric‘system, 
studentscan concentrate more on course*concepfs. 

-. 
One engineering schoo.1 requires that all theses for Ph.D 

and masters degrees use ,metric as the primary system followed 
by customary in parentheses. Another school requires metric 
only in all term papers. 
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Undergraduate college courses,. especia,lly in the basic 
sciences (chemistry, physics; 'biology) and,mathematics,, and, 
home economic,s, -are increasing use of the SI .metric system., 
Metric is not taught as a seperate math-ematicssubject, such 
as statistics, but the system's'vocabulary and units are in- 
troduced and used where appropriate. Although many courses 
in science have always used some metric, it has not in many 
cases.been ,SI; 1n.thes.e cases the system is being updated. 
The course. in introductory ;physics at one school we, contacted 
uses all SI metric.‘ One university. metrication chairman said 
what the. students,learn about metric in core undergraduate : 
courses is sufficient,,,backgrouhd f:or mor-e specialized use of 
the system in graduate schools of engineering;: architecture, 
medicine, and the like. .,' 

Some universities in their continuing education prog.rams 
have offered metric education to groups such as nurses, exec- 
utives and workers,in industry, smal-1 businessmen,, alumni, 
and. others. , One, smallsouthern university has.trained about 
150 nurses,, technicians., die.tic,ians, and maintenance person- 
nel at the nearby Veteran's Administration hospital and the. 
munic,ipal hospital; i The courses, 
hours, emphasized the ,relationship 

which ranged from 3,to 10 
of metric to the, materials 

and equipmentused -by the work,ers. Another large univer-sity 
.has initiated a telephone hookup which.can.be used.along with 
slides and- other materials to sive metric trainins to- remote. 
groups of learners --mainly groups +of nurses: We talked to.:: 

:two universities which hav,e included metric in their- ag.ricul- 
.tural extension courses:. 1 ;. ! 

1. 
.: We noted strong acceptance of metric among the college. 

instructors we inte,rviewed;. They. felt that the system.~is' 
logical, simple, and..does not require difficultconversions 
within the, system .as -does customary. 'T.her.e was some concern, 
however, that the Nation will not be metricated for a long 
time. One professor said that national conversion will be 
slow,because many of the decisions which will influenc,e, its 
progress will be -made by those who have not been given suffi- 
cient reasons to changes. He mentioned small businessmen as 
an example. Another stated that the beauty.and logic of,.the 
system is not enough to sell it.- We,need national commitment 
and marketing people to promote it. . 
EDUCATIONAL MATERIALS 

,. \ 
.' We visited the'Nat,ional Council of Teachers of.Mathema- 

tics Teacher/Learning Center at Reston, Virginia, to examine 
metric instructional aids. The collection on display,there 
is one of the largest in the country. We found that there is 
no shortage of materials on the market. In addit.ion to the: 
textbooks and workbooks, there were kits, games, manipulative 
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aids,.films :and.:filmstrips, charts and.posters; slides, 
transparancies, .and r.ecords. Some :were produced. in the United 
Kingdom and Canada. These teaching aids were pr-ovided by ven- 
dors for display.purposes and ranged through all teaching 
levels, primary through postsecondary. 

_, . 
1 As a service to schools and parents,.the Council has : 

compiled a guide to the suppliers o.fTmetric.materials. Ma- 
terials are. listed by producer, kind of material, and edu-3 i' 
cational level. No effort .has been made to :evaluate the 
materials because,the Council .does not endorse commercial. 
products. We 'could,see that quality,ranged from very-poor 
to excellent%-,in .terms of construction, treatment of.metric 
units, and durability. I * 

'CONCLUSIONS i, ). 
: : 

,The.l974:Education Amendments Act which provided for. 
metric education,' was part of a: package of educational,amend.- 
ments which.also included pr.ovisions for ,gifted and. tale'nted 
students, 
tion, 

community schools, career educatio,n, .consumer educa- 
momen?s equity in educational programs, and arts in 

educational programs. The assertions about the metric sys-' 
tern's d.ominance and inevitability were directed to,the;edu- 
cational .community to g.et the schools going in teaching:'metric. 
Later the, Metric Conversion Act of 19.75, which established a 
much broade'r policy, for the entire Nation, :omitted these.\,; : 
assertions. The 1975 Act and its le.gislative history show,-the 
national policy is not to prefer one system over.,the other. but 
to provide for either to be predominant on the basis of the 
voluntary actions of 'those affected.: Under the Educational 
Amendments the .Government appears to be a,n radvocate .of,metr.ic 
conversion while no such intent is expressed in the Metric 
Conversion.Act.-which established the national. po,licy. '. 

_ 
Urged by the Educational Amendments which also provide ! 

funding, it appears that,the educational community. is working 
to-prepare students for, an ,"inevitably pred,ominant.metric 
system".that depends on voluntary:,metrication by other sec- 
tors-- industry, transportation, 
struction, medicine, and others. 

sports, merchandising, con- 

There is no assurance that these other sectors'will cause 
metric measurement to be predominant in day-to-day activi-: 
ties --at the store, the gas station, in recreation, traveling 
the highways, and at work-- by the mid-1980s when many States 
expect to have achieved metric predominance in instruc.tional 
programs. ,We believe the "inevitability of metric conversion" 
of the United States assumed in the Educational Amendments 
'is not a certainty without a firm Government commitment. - 
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The issue of timing metric.,ed'ucatio,n was well summar‘ized j 
by the Director of the Office of Education's Metric Education 
Program who stated: JJ 

: 1; (,, .,'. I.. 
."Whatthe ,schools do and: when will depend upon : 

,. how fast other sectors of society moved Teachers 
who switch-to international'units may find they are 

: beating th,eir -heads.against a stone wall.if their 
students h'ave to:deal inpounds, fee,t, and quarts 
:everywhere..but in sch,ool,. : ,. 

. . '.! ! ./s ': 
"Our main, job is to teach studentsthe concepts 
of measurement and standards regardless of units. 
But it could be terribly cdnfusing~fo'r.young children.' 
to be faced with metric un:i&,'in one classand .'cus;;- :~ 
tomary units in another , ,or to work in'metric" in j 

schodl:.and see and he,ar nothing but :customary units 
: ' at :,home.;:;on TV, and, in the stores.". '. : 

,' , .' 5, :. :- .. Some State-:and local,educators are preparing-to teach' 
metric I Many- other sectors, however', ,don?t. know if or 'when. 
they should con:vert. When or.,if. the need for metric .education 
as the predominant system will arise, no one knows. 
then, 

Timing 
is an issue which needs to,be car.efully coordinated. 

Since 1972 about. $7.3 million 'has been expended by the 
Office of Edu-cation and the National Institute of Education 
to support metric education. We know that education should 
precede usage. However, students should have opportunities 
to use metric skills to reinforce learning and prevent for- 
qetting. It is possible that Federal funds, as well as State 
and local funds, are being prematurely expended to attain a 
goal which has not been yet established and is not likely to 
be achieved for some years. 

It appearsithat before additional funds for metric edu- 
cation are considered, the education effortshould be exa- 
mined and put into phase with whatever metrication plans 
and efforts exist in industry, Government, recreation, mer- 
chandising, and other sectors. 

IJ "The Inevitable Metric Advance," by Richard Elwell, 
'American Education, U.S. Department of Health,. Education, 
and Welfare, Dec. 1976, p. 6. 
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RECOMMENDATION TO THE CHAIRMAN.; U.S. > 
METRIC .BOARD '\, ,' 

><’ ‘.. 

We recommend that the Chairman ensure that State educa- 
tion agencies and the U.S. 0f:fice. of Education coordinate 
the timing o,f metric conversion in education. This is needed 
so that metric instruction in schools will be in phase with 
the needs of the Nation in order thattime, effort, and, money 
will not be expended to develop and teach a predominantly 
metric program to students for a still nonmetric. society. 
Educators must be reminded that U.S. policy at this time is 
voluntary which includes,the,option not to convert. : 

,T. , '., 
RECOMMENDATION TO THE SECRETARY OF -1 
HEALTH; EDUCATION, AND WELFARE 

L . 
We recqommend that'the Office of Education be.directed to 

clarify its publications and..other communicationsregarding 
metric education to show that the U.S. policy is one of volun- 
tary conversion and includes the:option, not to convert. It 
sh.ould also encourage schools to time,their .progress to,.:pre- 
dominantly metric instruction to conform to the conversion 
trends of industry, government, and,other sectors in the com- 
munit,ies wh.ere students wil,l live and work'. 
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APPENDIX ,I APPENDIX I 

,, 
.ui -S.’ GNmRAL ACCOCliTTH'OFFI~E.~ ,'_,, ". ':' ' ,,. ., , 

Hetrio TaakFome ..'., 
,_ sukey of Metrio Fiduoation 

-, 

liuatruotionE: 
.' 

Pleaee EWW~ eioh 'of &e &llo& questiona 
an frankly end~oompletely aa poseible. We far? 
interested in your viewa whether or not you oonai- 
deryounwlfasknowledgea+&e aayou~uldlika. 
Neeponeea on other'e viewa need not'be fomal 
-yof their opinions. 

!lBere is epaoe at the end of the queetioaaaire 
for auyoom+a youmaywiahto m&e oonoelnipgthe 
questionnaire, orleas 0%~ rel+$ to&oa. _ ,_, 

Til/quel&&&aire is'nu&rea only to &nit 
ua to delete you a&enoy!q name Aom.wr list when 
we reoeive you 0oaDpleted queationnaire.aud thun 
avoid sendJug you an mueoess& followup request. 

Ned: " 

TITLN: 
,* 

TairiFmoNE: ( 1 
(Area code) 

, 

,. 

(Number) 

‘I 

.L. 

A. General Infozmstion: 

1. What is the approximate student population in 
your et&e for emh of the folloving gcade 
groupings? (Please fill in the blauka.) 

public eohoo+ K -.. ;,i J? .\/ . I: ' 

P+vate and.parooh$sl eohools~.K.-,:I?:: ? -' ,,:. .J_ ', ,, ,'.. 
:. I y,' . ..., :r 

'.>\ ', . . . . I' ', 
2. What is the approximate number of indiyidwl 

ioliool~distriot~ ti'&r'state?~ (Plede -fill 
",* blank.) .,: -;. 

,, I 

.' 
3. Does your state have a mathematics ourrioul~ 

developed by the state education agency? 
(Pleaee oheok one.) _' 

.D ye8 _ 
/No-If "no", Ekip to question 5. 

4. which of the q tate&t~ below'begf oharaoterizes 
your state mathematics ou.r&ouluin? (Please 
oheok one.) 

/Aourrioulw euggeeting&delinea f&m 
whioh eohool districts may develop-their 
own ourrioulw. 

./.,’ 
/A ourriou.lum setting forth requiremgts 

which must be tall& UnifondLy thrOughout 
the state. 

/Other (Please specify) 

‘, 
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5. In what part0 of your rtate'n rauoation EymteI. 
oould the rtati eduoation agwoy la&~ ' 

5 

wqulre inatrwtion i3 metrio acaauntment? 
(Plebe oheok all that apply.) /, 0. kpuf 10 your wdea!atuldln& of your Etato 

Lz7-e edwrtion agenoy'a opinion oonoewing the 
&itid Stator ooaveroion to the metrio my&es? 
(Pleaa oheok one.) / Fublio aohoolr, K - 12 ' 

/ Private and pamohlel q ohoole, K - 12 

/I Other (Plea80 npeoifp) ." 
1 

_(, 'I .- 
,.1,:. 

'. ., ,,.' ,; . ...: ..‘ ,,.'.. 

B. .Federal/State laws and Polioie'a 

6. ..,waat..ie ybur~bnderstan& oi the natia 
polioy oonoezning oonverting to the metric 
syatem? (Pleaae oheok one.) 

D No atated national polioy 
,),, 

* /.-. &d8to~~qo~raiop +hin 10 ye&EL 

/ Fe@znl ooordination and plwi&of 
vo+ltltary oomferaion 

;, 
D A mandatory,, &u&l oonvereion 

(Le., more then 10 yeara) 

/ No convereion 

/ Don't know 
I__ 

J 

/-7 Other (Please apeoifyj ' 

7. If metrio conversion ooowe, which of the 
followipg ~$>a., if .+y, should the Federal 
g;unyt 'aaeume? (Please check all tl$ _ D ': 
/ Plan the overall conversion 

.' "-', " /I coor;dinete aotivitiee 
.' 

/-/ Net8blia.h target. dates 
: ',.'. 

-/1 Counsel and advice interested parties 

/-/ Legislate the conversion proceaa 

/7 Mske oonveraion mandatory 

/I Ehfome the conversion pro&& 

/7 Other (Please apeoif;y) 

/I None of the above 

/Ro basis to-judge 

; .  i.L.1 I /  , ,  ,  , ,  

9. hioh stal&ent' be& would you fe'el i&M 
naa& eiprasbea the &tMant. of 6iost df .t& 

', 

teachers in your S&e? (Plesps oheok 0~9~) '",!.?, ... .; 1, 
/ Teaohirq metrio ,fs'a w&te:of tti ' 

: beoauae the United States .ie 8 
/.. pxdomin8tely. non-metrio ~oouutqv. ' 

/ Since the U.3.A.10 ooxwerdonto metrio 
is iaevitable, we muat be& now to 
teaoh metric aa the pr+xlominaut mystem 
of measurement. / 

/ We need to establish 8 balanoe between 
oustoq and metric inatruation beoause 
our country will be uah both kindn of 
Mets for 8 long time. ., 

/ Other (Please spe&) 
, i . . . ~ . ~  , , . ,  

. . , ‘  1  :  

D. Measurement Education Poliox 

10. Which statement below meet nesrly expreesee ywr 
State ~dilO8tiOn WnOy'B pOlidy'&OUt IWillrure- 
merit in&n&ion? (Please check one.) 

., /-;7 Teeoh ouetomary measurement oe, exoeit 
in 801118 science and VOO8tiOd and teoh- 
nioal aubjeote when needed 

/"Tea& cuetomary tiaw&&~‘aa the baaio 
eystem in all gradee and subjbots with 
minor inetruotion in metric 

/ Tea& ouetomazy and metric me&uxemant with 
equal emphasis in all gredee and eubjeots 

/ Teach metrio meeaurement ea the basic 
sy&~m,.in all grades qd mub)gts with 
minor inmtrwtion in ountdmsrs 

/Tee& met& measurement only in all 
eradee md 8ub.ieota 

/Tea& automary measurement aa the basic 
system in the elementaqygradee endmetric 
me-merit 8e the baaio eyatem at 
upper grade levels 

/Other (Please speoif'y) 
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11. whet provided the major motivation to the elrteb- 
limbmat Of%he 'Sta+.e*iducation *aoji'i polioi 
on meeaumment eduoation? (&LOO oii6&%e.) 

/ Aotion by State legielatwe . 
r 

/Action t&e~,by..State bo&d of eduocition 

/Decision made by State governor 

/ Daoieion made by Chief State eohool officer 

/Recent interest in and awaren6es of metric 
conversion / 

/Federal metric education activities 

/Metric Conversion Aot of 1975 

&f F$/&~t+o~,&au.of. Standarde Metric 
,, ,. ::, :, 

/Other (Please ,epecify) . . 
., i,, ,.,. .: 

12. Does your State have a centralized texbook, 
adoption policy? (Pleaee check one.) 

/ Yes 

.a!0 ry ‘ho”,, ekip to question 14.) 
i.. 

,‘, ‘:. 
13. In your view aould your State edwation agency 

uee textbook adoption.& a'me& to oontrdl the 
growth of metric instruction in schools thmugh- 
out the State? (Please check tine.) 

/ Yes 

a No 

14. Elm your State education agency eatabliahed a 
target date for converting the ir!etructional 
program inmea&re~en$ from predominately 
&$&to predominately metric? (Pleye.check I . 

a Yes 

a No 

If yes, what target date.haa been set? 

(Fill in the blank,) 

APPLENDIX I 

15. %a! is th.atatue of the metric eduoatioa 
progrcrm id wet of tti &i&i hi&Gt~ d 
your'Stite?~~bee oheok one b&lin ea& 
row.)-- L. , .,, 

. , , .  . ,  

E. Metric Instruction 

16. In approrimetely what pementage of'the xdh00i 
districts i&your state is metric mesauFement 
bein tawht? (Pleaee check one b&r Fn each mu.) 

/ In leee then 1% Of the school diatriote 

/(In 1% to 10% of the q ohool diatriota 

a ii&b 25% of the school diatriota 

a In 2696 to. .+c% of the echo01 dietriote 

/'In 51%tO 75% Of the school districta i ., 

a In mre than 75% of the school districti 
,m , 

,. 

17. In teaching me aarewnt in yourState, how 
much emphasis is placed on mel&io inetruction 
of the student groups liited below? (Pleeae 
check one box in,eeob row.) 

Grades K-3 

Grades 4-8 

Grades Y-12 
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:. ‘_ 

19. How muoh will (or hae) metric in&n&ion 
oh+q~ the p?eent ourrio+umin the.aubjeot 
matter areei:lieted below? (Pleeee o&ok ,, 
oneboxineenhmw.) . . '.' 

, ‘. 

/ 

Reu/- Al-b 
sooial stndiea r 
Mathematioa : ,, I 
physical and Health 
Wuoation 

Soienoe : ! 

Fine.tia’. 
Il.1 I 

Industrial Arts I I I I 
VocationdTeoMoal Ed. 1 1 1 1 

BAnesa Eduoation'. 

20. Whidh ayetem - ouat~mary or metric - do you 
think etude&e with no prior meeeurement skilla 
can learn fester? (Pleaee oheok one.) 

/ Customary - ai&fic+ly fester 

/ C&0mtuy - slightly fester 

/No difference 

/ Metrio - alightly feeter 

/ Metric - eiejlificently faster 

u No baeia to judge 

APP:END,IX I. _- 

7mdoim euiotto loung tbm~Mhool~kuld 
@we extra tiw to tuoh r* of tha MI ma- 

.jeots nowbbiag in%Au&edlato Um ourrloula." 

.  

, I  . ,  

22. &ipm&tely iow lon&'hwe lomt l ohoolm in 
your State been twohing mema metrio PI- 
SieatM sx!e@larprrt~of.the~~tbm 

“'pr&+un? (Pleead oheok one.) 

23. How long& y&think& &xildt&eto oo&rt 
mesaumment htwtion in the aohoole of your 
state from predomkuntly ouatomf4ry to re- 
dominantly metrio? (Please oheok one. P 

/ Laae i*'5‘ye&" ' 

/5to lO&re 

/Ill to i5yeaan 

24. If:the~b&ols la your St&e oonvertbd to 
predo&n+lymetrio inetr@lonhow+g 
da you thbk there will b6.r psedto bont+ue 
some ouatomery ine~ruotioxi? (Please oheo.k 
one.) 

/Leaathez5yeera 

/ 5 to 10 year0 

/ll to 15yeu-a j: 

/Morethcul15seanl 

/ indefinitely 

/No baaia to jud@ 
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25. Whiah, if any, o~,,tha<etatements beaow.emxeeeee 
the’+ajor problcfaged by t&~me&io eduoation 
program in your SheP: (Ple*e'** one.) 

/There ie not eiou@ti& in the” 
titnaotio~ eohedule.to‘edd metrio 
measllrrement td thk’ olrl+iilum. 

/1Thewie notenou@money8v8ilableto 
the schools to purohaee thebooke and 

m8terie.Le neoeeesryto te8oh metric. 

/7The ourrioul~doee not give adequate 
goldawe, teaohers don’t know what they 

‘. ye expeoted to teach. 

//pa& teaohere do no+ have the neoessary 
, knowledge aud skills to teeoh metric. 

i 

F. Coats of Conversion ,j ‘, 

26. How (did, would) metrio eduoetion’~sffeot~nonn8l 
ooeta for the aotivitiea lieted below? (Please 
oheck one box for eaoh row.) 

..27. .wh8t, if any, Fedeti finencisl aeeistanoe to 
metric eduoetion hae your State eduoatSon agenay 
received sinoe 1970? (Pleaae q peoifY.) 

28. AppmxQnate thq dol+. cm,unt of pe$er+l *_. 
fjnauoial slrsiet+moe wed pinpe 197O:by your 
St@te edUo8tiOn egenoy for~me$rio education. 
(Please ,zheok one+ ). I 

/.No be&e to know 

:, 

29. Approzimete the doll= emo+t to State funds 
.wed formetric eduoatidn.ein& 1970. , 

,,’ (Pleeae oheok one.) i _(, 
” .m None”. _ ; ‘, 

/Lees then $lO,OOY " 

./1$10,cal to $24,999 

a s25,ooo to $49,999 

.D &0,ooo to ~74,999 

/No baeia to,l&ov..’ ,‘.. ,‘, 

., , _. . 
30. Which of the eotivitiei’bel& aoaounted’ for 

the +&et expenditti~of time &d effort in 
your metrio’eduoation program du$ng*tFy %t 
5 yea+ (+sae +e+ ye. ) ,>:.. 

/ Planning end o~oul~ developr&r$..~ 

/ Teacher’traintng’ ‘. 
) 

/ Selecting and prbcdng teaching 
materi+e (textbooke,+c.) ,,. _““, I 

/Classroom instruction 

/ Developing teaahhg materials 

/Other (Please specify) 
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31. Woh ok the notivitiw below h~~aooounted 
for,the large& e~nditwe of w in your 
mti-io eduoation pr&pmn dludng the pant 5 
yearn? (Plwm oheok oiie.) 

/Plnnning~dowzioulumdevOl+ent ., 
/ lMoher t-pi3 2 

/I &lroting UJd proouriw tesohiijg 
matemials (teatbook& eta.) 

/I ClM~room +natruotion 

/1 Dweloping tea0hing meferiale 

/-/ Cther (Ple& epeoify) 

C. Potential Wm0te of Metrio Convereion 

32. Liked bel&‘&:.$&eraJ &antagee frequently 
attributed to the metric dyetem. Plea80 
indicate whether you agree or disapee that 
esohwouldbe a eiefioant advantage for Your 
State’e eduoational program. (Please oheok one 
bar for esch row;) 

merit in soiegtifio, 
nal &la teohtiionl 

agetern will oogfuae I I I 
etudenta . I', : I I I 
Convereionto the,+?0 . i. llne wetem will Oonf7 
tenohern with rewlt~ tenohern with rewlt~ 
lobe' 6&. '.&dtifs.t lobe' 6&. '.&dtifs.t 

stsff.ratraining will stsff.ratraining will 
.be cost&. .be cost&. i i 
chsaging textbooks and chsaging textbooks and .” .” 
other’instruotional other’instruotional 
m&&la i&l be ooatti. m&&la i&l be ooatti. 
Metric me- Metric me- nt skills nt skills 
will be quickly lost will be quickly lost 
because everyday a&iv- because everyday a&iv- 
itiee are sill baaed on itiee are sill baaed on 
owtoww. 
Other (Pleas~~npeo~~) .- _, 
owtoww. I’I I 
Other (Please~npo~$y) .- 1 1 I_, ,-. ,.:“’ _,.. : ,: , 1: ‘. I I I I 

34. Fortyour State educational eyetern, uOuld the / 
advantagee’df ooiwereion to the metrio nyntem 
outwei& the die&vantages or vioe versa? 
(Fleaae~oheok one.)-, 

,m Advautagy aignifi0aA.y outwe& 
dlwdvautegee 

/Adveatagee q 1ightlyoutueigh dirahvMtagsa 

/Advantageew~dbe about thd mpme aa 
dinadvwtnge 

/Diaad~tagea slightly outweigtladveJltsgee 

//Disadvantagee significantly outweigh 
advantagea 

/No baaie to judge 
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35. If you hnn dditlonal o-to on auy of the item within the quamtfomuia or m1at.d topior not 
oovered, plwoe feel free to erpxmra youz vien la the epaoe below or rttaoh additioaal data. WI 
would be erpaoially intersoted in raoeiving ooplem of lam, zvguhtiom, imolutionr, mtate pluu 
or other dooumnta tioh ertablinh State or loail polioy toward oomeaion to the -trio mtm. 
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CHAPT'ER 25 

,s .I ": L :' \ MEDICINE"AND' RELATRD -AREAS .,. 
ARE E&&ALLY METRIC 

To understand the extent of metrication in medicine 
and related fields we looked at pharmaceuticals, profession- 
al services, hospitals, and medical'sapplies and equipment; 
Discussions with association officials and selected pharma- 
ceutical manufacturers and members of the medical profession 
showed that in some of the areas, the metric system, but not 
necessarily the International S-ystem of Units, is used almost 
exclusively because of its suitability to the small measure- 
ments encountered. In other areas,yparticular&y those-which 
interface with the public, customary or .a combination of cus- 
tomary and metric units are.used. t: ., ,' .' 
PHARMACEUTICALS 

I In 1972 hearings before the Senate Committee on Commerce 
on a bill to make the metric system the official U.S. measure- 
ment system, one witness representing a pharmaceutical asso- 
ciation stated that 

"Since the early 1930's American pharmaceutical 
manufacturers have been converting their opera- 
tions completely to the metric system. This 
has been done to provide better and more uniform 
control and thus greater assurance of safety 
to consumers o,f drugs from possible erro.r which 
might arise in converting between one system 
to another." 

Information obtained from three pharmaceutical associa- 
tions and a number of pharmaceutical manufacturers indicates 
that the industry basically has converted to metrics in some 
of its internal operations--formulation, production, and 
testing. In other areas customa'ry or both customary and , 
metric units are used. 

The conversion to metrics appears to have caused little 
hardship. According to one manufacturer, conversion was 
easily accomplished and presented no great problems. He 
said some equipment, such as scales, was modified or replaced 
and formulas were recalculated. Two reasons given by the 
manufacturers for converting were: 

--Pharmaceutical companies are scientifically oriented, 
and scientific ~disciplines have always used metric 
units. 
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--The use ,of,rmetrics ,greatly facilitates communications 
with foreign manufacturers. : .', .i: 'i ,,.'.T 

.i. i.' .' ., :. ,. >:: <I!'/ .,, : * '. [,, ..' .I ;: 
Although these manufacturers are using metrics, they 

-are not %sing exclusive,ly SI .metric:s; : 'Forie\xample, .one manu- 
fadturer is still-using the millibar r.ather thanthe Pascal : 
as- a measurement of.pressure. :. ', .,: ) 

:'. ). : ,. :. , / :, ‘, 1, G. ,, P,' 
Customary measurements are still used in the .packaging 

of prescription liquids sold in large sizes and nonprescrip- 
-tion, of :.over-theAcounter,',drugs; In the,:former case,;!'large 
-.containers of'.liquid .'drugs are. sold to'pharmacie:s..+which :d.is- 
pense :ehed to 'the; public in .accordancer(with physid&ans'> pre-I 
Iri;c~: iptidns,., : These pr.escr.iption.s, in.many:,instances, ,are r, +li 
written .in'imetric units;.:, In...the latter -:case, t,he oeer-.they.- 

.“counter 'drugs.arie packaged in ,c,ustomary'sizes for sale to the 
public. Sometimes these packages .showonly:;the ::culstomary : 
size; other times they have's dual label, showing both the 
customary size and the metric equivalent. ,', ', 

.The pharmacreutical 'indu,stry",also.usesboth customary .and 
metric:.units in 'the-acquisition of r&w materials; -The ,extent 

:to which raw materials are received in;:customary::or metric 
units'appears.to vary.iwith the'pharmaceutiaal company and the 
type of,,material;, ': ~. : -;‘Ts.. -9 : ;. ',ti ,, ,I 

L./ .,. j '. i ;' ,' j 

Raw materials not designated in metric units are con- 
verted to metric when they are received. According to the 
manufacturers,-'this:;internal-tionversfon.rdoes notse.em to 
create great problems. ',Dne manufacturer told,'us hesees .no : 
advantage to redeiving raw 'materials,‘in..metric units as the:, 
conversion is relatively‘.simple; and even if"he could, he 
would not require :the suppliers tto convert,. 1 

,,'/'i : 
Further metric activities 

: 
The pharmaceutical manufacturers and associations saw 

no further metrication in the industry unless mandated. 
They,saw no reason ,to c‘onvertthe 'large, volume'liquid pre- 
scription drugs be.cause there ha-s been no customer demand-' 
for metric size,s. 'k- ' 

._'. 
With respect ,to conver.ting the packaging of over-the- 

counter drugs, to hard metric sizes, the manufacturers and '. 
associations recognized several problems. r 

: 
Converting to hard metric sizes would require the 

manufacturer to adjust-; modify, or replace .equipmentto' fill 

I - 
,I 

metric container's; ,Th'e extent of these 'adjustment modifica- 
tions and replacements would depend on the produd't'line, 'the 
sizes selected, etc. None ‘:of the cdmpanies could-state what \ 
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the icost of,,further conversion:might ,~be;,.b.ut they did:. believe ' 
it would be high and passed onto.theIconsumer. They esti- 
mated that hard conversion would take from 2 to 15 years. 

,.' ._ -_ .j ! ,. - /., :.:. .:‘., ,'.,J ;i. 
Another problem the,.manufacturers foresaw was the possi- 

ble unavailability,of containers. According to one manufac- 
turer,, the industry represents only a small part--of the market 

,for containers so costs would be high for a special order of 
metric; containers. ". ., ," _s*. 

1. ,. . '! , .& 
/ One.association.official said the.,industry would tend,to 

use- duallabels rather than to hard.convert. I_ ,.The indus.tgy- is 
very competitive and'hasstrong..product iden$tification; .there- 
fore, it <would tend to ..avoid chang.es whic.h.:might confuse its 
customers.? ,;~He believed,;conve,rsion would -have 'to,,::be mad.e.>man-, 
datory ,befor.e the ,industry would1 ,move,-to ha-rdconversion;i", The 
manufacturerssupported this view., ..j ,.: : ,_ : ',I . 

., ,,( F."" I 
Foreign trade 

'i' .! ' ,., I') .:':., I : ., ::: 
> ! ',.? :- ; ) ._ 

None.of, the manufacturers we talked to,.believed that 
further metrication would affec,t the amount of ,foreign trade 
in pharmaceuticals. One manufactuer.said he .saw.no advantage 
to packaging ;pharmaceuticalsl for, export;b ,He feelsit is too 
expensive and foreign licensing laws make it more advanta- 
geous to ship drugs in bulk to be packaged in the foreign 
country. Y.' '. :_. ., ,',' 

,/ . ..' 
Although none-ofj,the-manufacturers we -talked-to saw 

further ,metrication in the industry unless mandated :or a s'ig- 
nificant advantage t.to,;further .con.version, al,l,-believed ,me,tr,i- 
cation would benefitthe country. They <felt that metrication 
would facilitate comparison shop'ping..,and: promote8standardiz,a- 
tion and rationalization. 

MEDICAL PROFESSION _. 

‘, 

-The .metricsystem is used extensively by the medical 
profession and has been for:a number of years. It is used 
almost exclusively within the.pro,fession ,and in technical 
literature. Where the professions.interface with'the 'public, 
however, customary units of measure are more often used, 
particularly in recording and discussing,body weight, height, 
and tempera.ture, and.i.n prescribing dosages of medication. 
Although the metric system is used, the.SI metric units and 
symbology have, not been fully integrated into operations. 

The metric system appears to be particularly suited to 
the medical area because of the-small units with which the 
profession:must deal. A r.adiologist commented on the diffi- 
culty in describing.a bone spur one or two millimeters long 
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in inch-dimensions. He believed the fraction or decimal 
equivalent would be too cumbersome. 

In- this regard, the American Medical Association, in‘ a 
1972,letter to the Senate, Committee on Commerce, stated that 
although, t<he medical profession has almost,completely adopted 
the metric system, total'conversibn must wait until the public 
learns and -actively uses' the metric system so that- the pat.ient 
and the physician can commun.icate in mu-t&ally understandable 
terms. The ‘Associat,ion concluded that adoption of the system 
would improve, scientif.ic'communications between physicians in 
America and those throughout the tiorld and would benefit the 
,advancement of scientific medical care. 

I 
An Association spokesman has, however, recently expres- 

sed some concern over,:the adoption of SI- units,. He said that 
there is little enthusiasm among practicing physicians to 
introduce new units that present no real advantage over the 
old units. " He added that the only advantages are those that 
might accrue from the interchange between. the medical science 
and other sciences that may be initiating the SI units. He 
also cited the possibility of errors arising from the confu- 

' sion that.will'be introduced by using a new set)of units. He 
said, 

"It is, absolutely predictable that no matter how 
widespread,the dissemination of the SI 'units may I be, 'and no matter how carefully and how,gradually 
the, unit change. is introduced, there will be con- 
fusion that will le.ad to errors, and perhaps ser- 
ious consequences, ihcluding death, to the patient." 

He concluded by saying t,hat the medical profession can 
adjust to'changes in units, but'at Some cost, and the changes 
should, not be under'taken- lightly. For this reason, he said 
the Council on Scientific Af-fairs h'as decided to establish 
an advisory panel to recommend the best course for the 
Association to take in its publications and in its recom- 
mendations to the rest of the profession. 

Another doctor also has questioned the cost-benefit of I 
changing to some of the SI metr.ic units. He believed there 
would be a significant cost in ter,ms of outmoded textbooks; 
delays in physician response time in converting from one 
system to another, and wasted forms.. He further believed 
that ,no medical benefits have been identified from such a 
change. 
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HOSPITALS 
,i 

,Metric units, although not always's1 , are used exten- 
sively in some hospital:operations and.have. been .for a long 
time. The use of metrics -in these areas has been an evolu- 
tionary Iprocess in keeping .with the scientific.disciplines - 
involved. In- other areas,. such as patient measurementr.;.met- 
ric units are used to-a 1esse.r:!extent,: although their use 
appears.to be increasing. This increase may:-.be an extension 
of the evolutionary process, but it has been.given impetus 
by the belief that metric conversion in..the United States is 
inevitable. 

:  I’ , (  

Conversion activities 
I’!_ 

i 

‘)., : .-: 

: To,, get some. insight' into the extentb,to, which,.met.ric units 
of measure'are being used inAmerican hospitals and the ex-:' 
tent to whi,ch further' conversion is contemplated,,we: contact- 
ed a national hospital association and several hospitals 
across the 'country. ,:- '.' _. 

.' 
The association. had little informationon the number of ' 

hospitals converting, or the extent to which-they have-con.- 
verted, to the metric system. A spokesperson, however, did, 
say that hospital conversion is understood to consist of using 
metric units in recording all patient,measurements., including 
temperature, weight, and linear dimensions.;, ordering and ad- ' 
ministering drugs and medicine; food,se.rvice and dietary 
formulas; 
he said, 

and reports and records.. Conversion in other areas, 
are.doctor or industry:related. I. 

0 e 
Information obtained from the ho-spitals showed little 

current conversion activity although' two of the hospitals 
had comp1eted.a program. to convert patient measurement sev- > 
era1 years ago. All of .the,hospitals indicated that many 
activities -hav,e been traditionally metric. 

Patient measurements 

At three of the four hospitals we contacted, the most 
recent conversion activity took place in taking and recording 
patient measurements and/or temperatures. The fourth .hospi- 
tal still uses customary units for these measurements. ,Two 

i 

of the hospitals converted about 2 years ago when,they began 
to use metric units for measuring patients' height and weight 
and the Celsius thermometer for taking.temperatures. The 
conversions, which went fairly smoothly, were planned over, 
periods ranging from less than a month to several months. 
Posters, news releases, hospital publications, and meetings 
with various departments were used to facilitate the conver- 
sion. The estimated cost of converting the scales at these 

. . 
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hospitals ranged. from $46 to $60 for each scale. The cost 
of new thermometers was considered negligible as they are : 
considered expendlble property and are often given to,the 
patients,,when they go home. ', " 

‘. 
At the third hospital, conversion consisted only o'f -tak- 

ing and recording .temperatures in Celsius. Patient weight 
is still :taken in 'pounds and,ounces although the weight of 
infants is 'taken and recorded in kilograms. 'y., 

: i 
Spokespersons for the hospitals stated that conversion 

took place because they knew the metric system was coming' 
and they wanted to be ready. Another reason given for con- 
veat‘ing, at one o.f these .hospitals was'$that it t~reated many 
foreign~patients and had many fore,ign,persons on' its staff; 
thus, metrics made it easier to.communi.cate. ! ; ' ';,, t 

',,' ,,/ . 'e . . ,, ., : ., 
In rega,rd to converting from Farenheit to Celsius in 

taking,body 'temperature, a doctor 'pointed; 0u.t brie' possible 
problem, area that might arises,particularly in the home. 
The'public might. not realiie thata ~degree Celsius is almost 
twice as large as a "degree Farenheit and might tend to'.under- 
estimate the significance of a one- or two-degree Celsius 
rise in temperature by relating it to 'similar'measure on a 
Farenheit scale. 
of the difference. 

He believed the public should be made aware " " 
i 

Dietetics and food service .I 
Metrics are used to .a limited, extent in dietetics and 

food service. For example, 'at one hospital‘metrics are used' 
in',computing nutritional land ca'ioric valuesof diets and in 
high,ly'moni,tored tube'feedi,ng: 
determining servi'ng portions. 

Customary units are used'when 
The SI metric unit "kilojoule" 

is not being used to repla,ce.the calorie. The Chief of,the 
dietetics department saw no .particular advantage to metric 
convers.ion but noted that it ,m'ight 'create some problems'in 
training cooks and helpers. She has; however, introduced 
some informal training to make her employees awar‘e of metrics 
in anticipation of metrication. '. 

Other areas 

Pharmacies,. labordtories, surgery service, dentistry, 
and radiology are almost exclusively metric although some. 
customary units may be'.use.d. Metric units seem particularly 
suitable in these areas because, of the small quantities and 
dimensions used. 

Although persons with whom we spoke stated that they ' 
used metric units to a great extent in their work, the units 
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were not always SI metric units. For ex-ample, none 0-f 
these people used the SI ,unit.,of pressure, the "kilopascal." 
A surgeon s,aid he was familiar with.the unit ,through scien-,, 
tific literature but had never seen it used in any medical. 
literature. A doctor in a clinical pathology laboratory 
said that other laboratories and hospitals,currently do not 
use the same terminology and units to express test results, 
but th,e doctors who work wi.th-them know what these units,are. 
He expressed some concern that if the SI units were.adopted, 
it might cause considerable confusion between the laboratory 
and the,physician., In addition, he saw no,advantages to the 
change. 

Our discussions concerning the extent of metrication,of, 
medical supplies and equipment,with personnel at severa. of 
the hospitals indicated a. ",m,ixed bag.," Catheters are designa- 
ted in gauges and in inch lengths: surgical blades, by number; 
syringes are, calibrated in;metric units; and some meas.uring 
cups show milliliters, ounces, and drams. Foreign-manufactured 
X-ray machines have metric specifi,cations, some with customary 
distance calibration, while U.S.-manufactured machines are' 
in customary dimensions. X-ray film comes in both metric 
and customary sizes., and heart rate machine strip charts are 
in millimeters per second. ,/ 

This mixture of measurements does not seem to c-reate 
any great problems for those using the equipment or those 
servicing it. A surgeon said he identified, surgical blades 
and sutures by number or gauge and really did not know'what 
measurement.they represented. ,A dentist said essentially 
the same thing with respect to dental drills. A biomedical 
engineer said that whether a machine was metric or custo,mar\y 
in design or readout made little difference to .him in servic- 
ing the machine or, as far 'as he could tell, to the person 
using it. He said he worked closely with medical personnel , 
in selecting equipm,ent and that quality, serviceability, 
and price were farmore important than the measurement.,unit. 
He did believe it would be better if one, system or the other 
were predominant.' 

I CONCLUSIONS 

Metric units of measure ar'e used extensively in'medicine 
and its related areas and appear to be particularly suitable 
because of the small measurements often encountered. 'Where 
the areas interface with the public, however, the customary 
units ar,e more likely to be. used. .For some functions/such 
as recording patient weights and measurements; the customary 
units are being replaced by metric units. For other activi- 
ties, such as labeling and packaging over-the-counter drugs, 

25-7 



it appears that mandatory conversion will be necessary before 
the customary sizes will be replaced. 

While metric units ar'e used extensively, the SI units 
have not been fully integrated into operations. 
the units are adopted, 

When and if 

confusion and result 
their use initially may cause some 

in errors. 
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CHAPTER 26 - 

THE.BEVERAGE INDUSTRY--A CASE STUDY . 

The U.S. beverage industry l/,provides a unique 
opportunity to see how metrication affects consumers' and the, 
industries that make consumer products. Other consumer prod- 
uct industries can benefit from the experiences of the bever- 
age industry if the United States converts to the metric 
system. 

Industry views on metrication varied.. Some industry 
officials saw it‘as an opportunity to improve industry oper- 
ations and benefit consumers. Others saw it,as a costly 
change thatwou1d:no.t benefit either the industry or its cus- 
tomers. .Yet, stillothers said they would not convert unless 
forced to by the Government. 

,' These views were- affected by factorsr such as exports, 
imports, marketability of products, competition, Federal and 
State laws, and, the costs involved to adjust.product contain- 
ers to different sizes. 

Some conversions made by the beverage industry have bene- 
fited consumers and the industry. But other conversions and 
related actions have been harmful to consumer interests. 

Wines and distilled spirits are converting the.ir products 
to metric sizes for marketing reasons. Both are regulated by 
the Department of Treasury's Bureau of Alcohol, Tobacco and 
Firearms; however, the producers requested the change. A'con- 
siderable portion of their products are now being sold in met- 
ric sizes. 

Several major soft drink producers have introduced metric 
sizes in many areas of the country. Following the favorable 
sales experienced by dne producer, others saw an opportunity 
to increase sales. Producers also thought there would be an 
increase in the use of the metric system in the United States 
and, therefore, that new size introductions should be in metric 
Some producers were showing metric equivalents on their 
customary-size products. But the soft drink industry did not 
plan an overall metric conversion in the near future. 

Most milk containers show metric equivalents, but all 
milk is still sold in rational customary sizes. This industry 
had no plan to convert to metric sizes. 

L/For the purposes of our study we looked into beer, dis- 
tilled spirits, milk, soft drinks, and wine. 
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The beer industry sells all its products in customary 
sizes and did not plan to convert to metric sizes. Some 
brewers showed metricequivalents'on their labels. 

In carrying out our study, we discussed metrication 
with officials of beverage ,and container industry companies L-- ' 
and associations and with government agencies in the United F= El: :-. 
States and Canada. Pertinent documents were also reviewed. ~ 

The wine industry is converting its entire product line 
to metric sizes. As originally approved by.the 6epartment.o.f 
the Treasury's Bureau of Alcohol, Tobacco and Firearms, domes- 
tic wines were to be converted,from .16 authorized customary to 
7 metric sizes by January 1, 1979. The'wine conversion period 
began January 1, 1975. / 

As the table below shows; only 9,of the 16 originally 
authorized customary sizes were in common use- before th,e con- 
version. Thus, the effect of the conversion was to reduce 
the number of sizes the industry used from 9 to 7. 

Sixteen customary sizes permitted Seven metric sizes permitted . 
until December 31, 1978 after January 1, 1975 

Percent Percent change Ounce change 
Equivalent. sales before Equivalent .from commonly from commonly 

Size fluid oz. conversion Size fluid oz. used sizes . used,sizes 

4.9 gal. 627.2 -1 
3.0 gal. 384.0. I;,' - 
1.0 gal. 128.0 14.7 - !b) 
4/5 gal. 102.4 (a) 3.0 L 101.0 (c) 
l/2 gal. 64.0 20.4 1.5 L 50.7 -20.8 -13.3 
2/5 gal. 51.2 1.7 

1 qt. 32.0 1.0 L 33.8 +5.6 +1.8 
15/16 qt. 30.0 (z;' - 
4/5 qt. 25.6 48.3 750 rnL', 25.4 -0.8 -0.2 

1 pt. 16.0 3,. 7 
4/5 pt. 12.8 375 mL 12.7 -0.8 -0.1 
l/2 pt. 8.0 

(:;' 
- 

2/5 pt. 6.4 1.2 187 mL 6.3 -0.8 -0.1 
4 oz. 4.0 

1:; 
- : - 

3 oz. 3.0 100 mL 3.4 ,(a) - 
2 oz. 2.0 0.4 

Total 100.0 .-- 

a/Insignificant percentage of sales was made in this size. 
b/No direct replacement was originally provided for the l-gallon size. The 

4-liter size, if used by producers as a replacement for the gallon, will 
contain almost 6 percent more contents. 

c/The 4/5 gallon was not in common use. - The 3-liter size, 
as a replacement for the 1 gallon 

if used by producers 
, will contain 21 percent less contents. 

d/The 100 milliliter was used to replace the 2-, 3-, and 4-ounce sizes. 
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Subsequently; the Department approved the addition of 14 
additional metric sizes. Under the change# use of containers 
in even liter amounts between'.4 and 17 liters is permitted. 
Thus; the number of metric wine sizes permitted.was inc,reased 
to 21. ‘ . 

The conversion is being carried out'under regulations 
.prescribed by the Department -of the Treasury's Bureau of 
Alcohol, Tobacco and'.Firearms, which regulates the sizes in 
which wine'products may,be sold.' However, it was the Wine 
Institute, a trade association representing California. wine 
producers, that petitioned the Bureau.to,convert to metric 

~ size:s and reduce the number of permissible sizes. .: : 

In October 1971 the Bureau considered a' Wine Institute- 
request to make importe.d wines use the sizes domestic wines , 
had to use. The Wine Institute made the request becaus'e many 
imported wines were being sold in bottles containing up to 
several ou,nces less than the 4/5 quart (the fifth--25.<6,, '. 
ounces), the most common size used by domestic producers. 
The bottles used for imported wines appeared to contain‘the 
same amount of contents as those used for domestic wines. -The 
industry believed the practice wasdeceptive to consumers and 
gave foreign producers anun.fair competitive advantage. 

At a.hearing held on the Wine Institute request, it was 
brought out that imported wines should not be required to use 
customary-size bottles because a National,Bureau of Standards 
study had recommended that the United States switch to the 
metric'system over a,lO-year period. Subsequently, the Bureau 
denied the request because it considered it inappropriate to 
require foreign wine producers to use customary-size bottles 
for sales in the United,States. "' 

During 1973 the Wine Institute made a study of the met- 
ric wine sizes used by other wine producing nations. It se- 
lected a,series of metric wine sizes for use in the United 
States, giving,consideration to existing marketing practices 
in both the United States and other wine-producing nations., 
On October 3, 1973, the- Wine Institute requested that the 
Bureau revise its regulations to,(l) restrict wines to 6 met- 
ric,sizes which would become mandatory after a 2-year period 
and eliminate the 16 customary sizes authorized for use, (2) 
impose the metric size requirements on imported wines, and 
(3) prescribe the number of bottles to be packed in a case 
of wine. 

The Wine Institute selected the 750-milliliter (25.4 
ounces) size as the primary size because it was very,close to 
the 4/5 quart (25.6 ounces) which comprised about 48 percent 
of the industry's sales. The 750 milliliter was also used in 
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other countries, Four other metric sizes--th~es 3.,liter, 1.5 
lit.er;,375 milliliter and 187 milliliter--were selected by'the 
Wine Institute because they .were multiples :or,submultiples of 
the 750,milliliter. and thus.would enable consumers to make : 
price comparisons between sizes. Selection of the 375 and the 
187 milliliters also permitted continuation of sizes similar 
to those. consumers ,and,.the industry were familiar with. 

I 
In June 1974 the Bureau held a .public hearing on,the 

proposal. All persons who spoke either openly endorsed the 
conversion of the wine industry-or did.not oppose it. Some,, 
persons, however, wanted:sizes slightly different than those 
proposed by the‘wine: Institute. The‘Bureau also,provided: 
persons the opportunity to submit written comments. Of the 
40 comments received , ,only three opposed converting to metric 
size.s.. '1 '. . . 

-, 
In December.1974 the .Bureau approved .the,wine conversion 

to seven metric sizes-- the 'six requested by the Wine Institute 
plus the 100:milliter which had been. requested.by foreignwine 
producers, importers, and airlines to permit importation of 
sherries sold in one-person servings. The Bureau stated that 
the conversion would reduce the numberof domestic wine sizes 
from 16 to 7,. and the number.of imported sizes from about 27 
to 7. The Bureau also stated it should facilitate buyer com- 
parison and unit pricing of wines by retail stores; 

,. 
The Bureau provided for a 4lvear conversion period besin- 

ning January-l, i975. All wines,-both domestic and imported, 
bottled after December 31, 1978, for sale in ,the United States 
are required to be in the authorized. metric sizes. During the 
phasein period , producers who. convert to metric sizes are re- 
quired to show both the metric size,.:and the fluid ounce equi- 
valent on the bottles to help consumers during the conversion 
period. 1 

A $-year conversion period was selected to permit a more 
orderly phasein of new glass molds by permitting the-replace- 
ment of existing glass molds as they wore out. The phasein 
period was selected after.consulting with the glass industry. 
It was expected that a 4-year period would result in less cost 
to the wine industry and less disruption to the mold-making 
capacity of the glass indus-try. A 4-year conversion period 
was also expected to ease the burden of foreign wine producers 
which previously were exempt from the domestic size requirements 
and to provide consumers more time to become acquainted with 
the metric system and the new bottle sizes. 

-.- 

Requirements were also placed on the number of bottles 
permitted in a case. It was expected .that use of uniform 
packing will benefit persons in the distribution chain, from 
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manufacturer to-retailer, and will facil,itate. revenue. 
collectionby ,Federal and State tax officials. 

In April 1978, the Department approved the use of any- 
container sizes between 4 and 17 liters th.at are ,in even liter 
amounts. It also exempted from the size requirements contain- 
ers 18 liters or,l,arger. Prior to the conversion there were 
no size requirements on-wines sold in.containers 5 gallons or 
larger. The Department had not previously adopted a metric 
size larger than 3 liters because in 19.74, when the metric 
size proposal was being considered, almost, no interest was 
expressed in larger sizes. Since adopting.. the metric sizes, 
one consumer and several industry members have,,requested 
that a 4-liter size be adopted to replace the gallon, and the 
Wine Institute .has requested that 12- and 18- liter sizes be 
permitted. 

Conversion prog'ress 
. 

Conversion of the wine indus-try to metric sizes is 
about complete. Wine and glass industry officials we contacted 
were of the view that the conversion was progressing smoothly 
at little cost to the industries ,and little disruption to ' 
their operations. No significant problems were experienced 
by any of the, organizations we contacted. 

Conversion problems wer,e eased,,because the 4-year conver- 
sion period permitted sufficient.time for an orderly phasein 
of the new metric sizes and because the wine and glass. indus- 
tries made an informal agreement 'to convert on a'size-by-size 
basis. The informal agreement permitted the industri,es to 
plan for an orderly conversion by'considering the average life 
of glass molds used for wine bottles. 

Glass molds for 4/5-quart bottles, the size in which 
nearly half of the,wines were sold, were converted into 750- 
milliliter molds by making minor changes to .existing-mold sets 
at a cost of about $l,.OOO each. This permitted use of the 
mold sets through their normal life span; New mold sets would 
have cost between $10,000 and $20,000 each. 

Several wine producers told us they simply ordered the' 
new size bottles when they became available from glass com- 
panies and made minor adjustments to their filling equipment, 
and their conversi0.n was virtually complete. One producer 
told us that purchases of new parts were needed to convert to 
the 3-liter size but that conversion costs were not considered 
significant. The producer added that this size change, the 
most difficult it had to make, required only about 1 hour. 

I- 
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Recordkeeping problems were common.to most of the 
producers we contacted., Because tax payments were 'based on 
customary qua,ntities, recordkeeping for wines sold in metric 
sizes had to be converted backto.customary;quantities. Prob- 
lems a-rose over the way the Bureau‘of Alcoholi Tobacco and 
Firearms required producers to round.sales' ,quantities. One 
producer told us 'that its, computer-system was not adaptable to 
the requirement. Bureau officials told usthat'most produc- 
ers' problems occurred because computer programs could not be 
adjusted to the number of decimal place-s 'required in the regu- 
lations. The Bureau has mad.e arrangements with 22 producers 
which had rec0rdkeetiin.g problems to permit them to base their 
tax computat$ons'on a .fewer number of dec?malLplaces provided 
that th,e.changes did not,r,esult in reductions: i'n the 'amounts 
of Federal' taxes that would have to be paid. 

This recordkeeping problem would be eliminated if Federal 
taxes on wines were also converted to metric., RecordkeePing 
problems such as this could occur to other industries as well 
if they convert. ,. ., 
Impact on' the'wine industry 

.i 
Wine produc'ers generally. were of the opinion that after 

the conversion to me,tric- is complete,' there ,will,b'e little .im- 
pact on production costs. 
that about $12,000 annually 

One wine company official told us 
in storage'costs will be saved be- 

cause one new shape, a 375-milliliter metric bottle, will be 
used to replace three, 
viously'used. 

4/5-pint bottles‘that the company'pre- 
Changes,in other bottles could also result in 

some savings to the industry. These changes could have been 
made wi'thout converting- to metric, but the.metric conversion 
was viewed as providing the opportunity to make the changes. 

During the conversion some costs were' incurred,as'adjust- 
merits were made to production eq'uipment, but these"costs were 
not viewed as being significant. 
changes. 

Employees ad-justed to the. 
'Several wholesalers and retailers we' contacted said 

there was little impact on them. 

Exports are not expected to increase 

There is no firm indication. that wine exports will in- 
crease because of the conversion, even though several of the 
sizes --750 milliliter, 1 liter, and 1.5 liter--were selected 
in part because they were among those approved for use in 
trade by the nation's who belong to the European Economic C.om- 
munity. A Wine Institute official told us that tariff and 
nontariff barriers limited the increased export of American 
wines. There was no indication that container sizes were a 
problem for our wine exports before the conversion. 
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A Bureau official told us he did not expect that 
metrication would hav'e a noticeable impact on either exports 
or imports of wines. However, he believed the Un~ited,:States 
would benefit in the long,term as other nations would not be 
able to exclude American wines because~the sizes d.id notsmeet 
international size standards; This would occur because the 
United States has ,adopted the metric sizes commonky'used in 
world ,trade. Thevofficial also believed that the. conversion 
was beneficial in that it es.tab1ished.a climate of cooperation 
between thefUnited:States; and, the European Economic Community 
nations. . . 

i _I ". ,: .i ,, :.a,-, 
We noted, for example, that Canada also: used itsmetri,c . 

conversion of wine as an opportunity to bring imported wines 
.under its newly established metric-size requirements. Because 
all of the metric sizes used in the United States.are *also 
used in Canada, size will not be a.:barrier for f'uture,exports 
to Canada. '., ,' ;' 

I 

Consumers receive limited benefits 

Since five of the new metric sizes--187; 375, and 750 
milliliters and 1.5.' and 3 liters-- are multiples of oneanother, 
it should be easierfor consumers to make price comparisons 
between sizes. Consumers initially may not be aware that the 
numbers are multiples of one another because the size series 
is not in common use. ; 

however," 
,,', 

The liter of wine, will not be as easy for some 
consumers to make price comparisons with. It is one-third 
larger than the 75.0 milliliter. Itwas selected because it 
is a commonly used unit in the metric system and it is widely 
accepted in world trade. 

: ,' 
The ~100 mil,liliter will be more,difficul.t to make com- 

parisons with than the other sizes; .however, little use will 
be made of this size, and consumers will feel little impact. 

.' 
The addition of metric wine sizes in even liter amounts 

above 3 liters could cause aLproliferation :of container sizes, 
thus defeating one .of the original aims of metrication.. Also, 
sizes su‘ch as 4 and 5 liters cannot be. easily compared in vol- 

'ume to other metric sizes,, such as; the 750 milliliter and the 
1.5 and 3 liter, thereby defeating, another of the.,original 
aims of metrication. 

J 
Consumers also should benef-it because foreign wines will 

be required to be sold in the same sizes as domestically pro- 
duced wines. Before the conversion the 4/5 quart comprised, 
almost one-half of domestic wine sales. Many imported wines 
were in 23- and 24-ounce bottles which often appeared to have 
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the same quantity,,as domestic wines, soldin the 4/5 quart 
(25.6 ounces). <lt'is unlikely that most consumers were awa-re 
that the differences existed. 

, . 
Consumers paid higher prices for metric wines 

?".> 
Consumers generally paid higher prices ,for domestic- wines 

sold in metric-size bottles. As shown belowi wine prices did 
not.increase as much when bottle sizes remained the same as 
when they were converted. to .metria. sizes'or converted from the 
l/2 gallon to the 2/5 .gallon. The latter change was made in 
conjunction with the industry's replacement of the l/2 gallon 
with the 1.5 liter. :'Y) '1 , :. \ ,', , '. 1 

Percentage' 
Percentage 

Size used at " Size used at change to 
January 1, January 31, price metric 

1976 1978 increase sizes 

.26-8 

1 gal. 1 gal. ..6.2 
1 gal. 3L 12.9 +6.7 

l/2 .gal,. l/2 gal. 6.7 II 
1/2gal. '. 2/5 gal. or ,17..2 +,0,5 

1.5 L ! ,.. 
4/5 qt. 4/5 qt. *7.9 
4/5 qt. 750 mL 10.8 +2.9 

,, 
4/5 pt... .4/5 pt. 12.4 ~ ., 
4/5 pt. 375 mL 12.0 ', -0-4 ' 

We analyzed two large marketing areas, Northern Califor- 
nia and Montgomery County,, Maryland, to see what changes were 
made to the prices consumers.paid; We 'selected these areas 
because published information was available on the ,prices 
charged consumers. 

For our detailed analysis 'we selected 19 wines sold by 
the Montgomery County,.Department of Liquor .Control during 1976. 
The selections included the 10 domestic wines'with the highest 
sales 'amounts 'in Montgom.ery County plus 9 othe,r domestic win,es 
with hLgh~sales volumes,. The 19 wines, which were made by 9 
different producers, comprised 37 percent of Montgomery, Coun- 
ty's 1976 sales. Seventeen of these wines were also sold in 
Northern ,Califprnia. We also analyzed the size and price 
changes made there so we could see whether the changes made 
in Montgomery County were also made els'ewhere. 



We obtained price lists from the Department of Liquor 
Control for the period January 1, 1976, through January 31, 
1978, and for Northern-California. The prices we analyzed 
were the prices charged consumers for.wines in re.tai.1 stores 
operated by ,the Montgomery County Department of Liguor Con- 
trol. For Northern California the prices we analyzed were the 
minimum retail prices'posted with the State by wine producers 
and distributors. We monitored the price and size changes 
made during these periods. 

We looked into (1) the overall changes made:to the wine 
prices and (2) the price changes made.,at the time the four 
most frequently used wine sizes were converted--the gallon, 
l/2 gallon, 4/5 guart,'and 4/5 pint. 

We recognize that many factors af'fect the prices of 
the wines we selected which would cause the prices to change. 
In making .our analysis we did not attempt to analyze all the 
factors involved in the establishment of the wine prices. 
Rather, we concentrated on the prices paid by the consumer 
in the marketplace to determine the impact,the conversion 
had on the consuming public. ., ,,.. 

Introduction of the 3 liter ,' 
: 

During the periods covered by our analyses, the 3-,liter 
size --which is 27 ounces less than a gallon--was introduced.. 
for.10: wines that-were being, sold .by, the gallon. In each in- 
stance producers followed the practice of selling the 3-liter 
size at a lower price than had been charged for the gallon, 
but not mak,ing the pricereductions sufficiently lower, to make 
them proportionate to the size, reductions. This practice re- 
sulted in increasing the unit prices at the times of the new 
size introductions an average of 10 percent--an average of 43 
cents a bottle. 

: 
When the conversion period is over, wine sales .in the gal- 

lon will no longer be permitted. I,n April 1978s the Department 
approved a proposal to. permit metric sizes ,-larger .than the 3 
liter. If a larger metric size, such as the 4 liter, is not 
selected to replace the gallon,, the 3-liter size could be used. 

Following‘ is a schedule sho,wing the price changes'made 
to the 10 wines in,Northern California and,.Montgomery County 
when the 3 liter was introduced,. 
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I  Percent Monetary 
'-pric'e- price,increase“ 

Gallon ^ .;3-liter :. .increase per .bottle‘ 

Wine 
bottle bottle 'based on .based on 
price price I; contents contents 

A $5.99 $5.19 10 $0.46 
B 5.75 5.19 * 15 .65 
C 5.75 5.19 15 .65 
D 5.39 4.79 13 .54 
E ,4.25 ,3.85. .' 15 .50 
F' 5.49 'L4.3.8 1 ‘.05 
G. 4.99. ,4,38 ,. : ,, ,,ll '. -.44 
H 4.99 4.38 " ~11 .,44 
I 3.99 3.39 8 .24 
J 6.49 5.49 7 .37 

Average changes 10 $ ;43 
,.,- 

High p,rice increases accompanied.' 
conversions from the'l/2 gallon ~ : : 
to the 2/5 gallon and the 1.5 liter 

The most significant price.increases occ.urred in the 
conversion of the l/2 gallon to,the 1.5 liter.. The manner in 
which the conversion was achieved is noteworthy. 'The nearest 
metric size to the l/2 gallon ,(64 ounces) was the 1.5 1ite.r 
(50.7 ounces) which contained, almost al-percent less contents. 

i 
Before the conversionthe l/2 gallon comprised- about 20 

percent of the 'industry's sales and'the 2/5 gallonwas only ' 
1.7 percent of sales. ,When convert~ing from the l/2 gallon to 
.the 1.5 liter ,,.producers generally followed the practice of 
first converting wines from the l/2-gallon size'(64 ounces) 
to the 2/5-gallon size (51.2 ounces), a decrease in contents 
of 20 percent-,,and.,then converting ‘from the 2/5-gallon size 
to the 1.5 liter',‘ an addi,tiona.l d'ecrease of 0.78 percent.: 
Producers also,generally followed the practice :of reducing 
the 2/5-gallon price from that which was charged for the l/2 
gallon, but not making the price reductions sufficiently lower 
to make them proportionate to the size reduction. 

Of the 24,wines we analyzed which were,'available in the 
l/2-gallon size in Northern California ,and Montgomery County, 
22 were converted to the 2/5 gallon or 1.5 liter by January 
31, 1978. Fifteen of these converted from the l/2 gallon to 
the 2/5 gallon, and seven converted directly from the l/2 
gallon to the 1.5 liter. 
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1.5 LITER l/2 GALLON 2/5 GAi’LON 

WHEN CONVERTING FROM THE l/2 GALLON TO THE 1.5 LITER, 
PRODUCERS GENERALLY FOLLOWED THE‘PRACTICE OF FIRST 
CoNVERTlNG WINES FROM THE 1/2;GALLON SIZE (64 OUNCES) 
TO THE 2/5-GALLON SIZE (51.2 OUNCES) AND THEN CONVERTING 
FROM THE ~/~-GALLON SIZE TO THE 1.5 LITER (50.7 OUNCES). 
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Following is a schedule showing the price changes made 
to the 15 wines in Northern California and Montgomery County 
when they converted from the l/2 gallon to the 2/5 gallon. 
This practice resulted in increasing the unit prices at the 
time of the conversions an average of 17 percent--an average ' 
increase of 41 cents a bottle. 

Percent .Monetary 

2/5+allon 
price price increase 

increase per bottle 
bottle based on based on 

l/2-gallon' 
bottle 

,Wine 'price pr ise contents' :,-contents ,a 
A : $?3. 25 $3 .'b,9- 19 .:'-$6.49 
B '2.95 2.,75 : 17. ..39 
C 2 . g5 -: 39 
D 2.85 

2.75 
2.65:' 

,17 
16 :37 

E .. 3.65 I/' 3.35 15 . ,43 
F, 

,I c 
'H 

I 
' J- 

K 
L 

3.25 
2.75 
3?.34 
2.79. 
2.79 ~ 
‘2. 49 I:: 
3.78 

3.09 
2.59 
3.15 
2.59 
2.59 
2.39 
3'.39 

19 .;49 
18 . 39 
18 .48 " 
16 j, 36 
16 :36 
20 39 ,'. 
y..’ ' :37 

M 3.34 3.15 : 18 48 
N 2.29. :, 1.99 9 :16 
0 3.49 3.39 22 .60 

Average ch.anges 

Nine of the above listed wines were later converted from 
the 2/5 gallon to the 1.5 liter. When the conversions to the 
1.5 liter were made, no.changes were made in the prices charged 
for a bottle. But, because the 1.5 liter (50.7 ounces) is 
almost 1 percent smaller than the 2/5 gallon (51.2 ounces) 
it replaced, the second size reduction increased the pr,ices 
of the nine wines, by an additional 1 per,cent--an additional 
increase of about 2 cents a bottle. ' 

', 
Following is a table showing the price changes made at 

the time the seven wines converted directly from the l/2 gal- 
lon to the 1.5 liter. 
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Percen,t Monetary 
price, price. 

l/2-gallon 1.5-liter change change 
bottle bottle. based on based on 

Wine price price contents contents 

.A $2.19 " $1.99 +15 +$0.26 
B 2.19 1'.99 +15 + .26 
c 5.99 3.99 -19 - . 76 
D 2.59 2.35 +15 + .30 
E 2.69 2.35 +18 + 22 
F 2.49 2.35 +19 +' :38 
G 3.65 3.39 +17 + .50 

Average changes +7 + '. 1 7 * 
. 

Thus, out of the 22 conversions that were made to elimi- 
nate the l/2 gallon, only 1 resulted in aiprice decrease for 
consumers. All the others resulted in consumer price‘in- 
creases. 

l 

We 'looked into the price changes made.in Montgomery 
County and Northern California throughout our analysis period 
and found that converted wines had higher average price in- 
creases. P,rices of wines that were'sold in the l/2-gallon 
size increased an average of 6.7. percent. But., those that 
were,converted to the 2/5-gallon or the 1.5-1ite.r sizes in- 
creased an average of 1.7.2'percent. Thus, by January 31, 
1978, consumers of converted wines were paying an average 
of lo..5 percent more than consumers who could still purchase 
wines that had not converted. 

. 
Bureau officials told us they had not expected the wine 

industry to convert to the 2/5 gallon as an interim size whgn 
converting to metric. They believed they had no way of pre- 
venting the industry from converting'in this manner because 
'the 2/5 .gallon was an authorized.customary size before the 
convers?on. .' 

The Bureau has no control over the prices charged for, 
wines. A Bureau official told us he believed that consumer 
education would be the best solution:for controlling any un- 
warranted,price increases occurring during the conversion. 
The Bureau has done very little to help educate consumers 
on the size changes made by the wine industry which is regu- 
lated by the Bureau. .' 
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Conversions from the 4/5 quart 
to the 750 milliliter 

During the periods.covered by our analysis, 14 of the 
wines we analyzedlin Northerncaliformia and- 15 of the,wines 
we analyzed in Montgomery County converted from the 4/5 quart 
to the 750 milliliter. In 27 instances the 750 milliliter was 
introduced. at the same price per bottle that the 4/5 quart.had 
been sold, resulting in an average price increase of 0.8 per- 
cent-- about 1 cent a bottle. The practice appears reasonable 
because there is only a 0.2-ounce difference. in the two sizes, 
and the.unit price change was small. 

t 
In one instance the 750 milliliter was introduced at a 

price 16 cents higher than had been charged for the 4/5 quart. 
In the other instance the 750 milliliter was introduced at a 
price 10 cents lower than had been charged for the 4/5 quart. ., _,' 

Conversions: from the .4/5 pint 
to the'375 milliliter 

,' i 
. 

At the beginning of our analysis period, 11 of the se- 
lected wines were available, in the 4/5 pint. Nine of these 
were converted to the 375 milliliter. 

'. 
In eight -instances the 375 m.illiliter was sold at the 

same price as the 4/5 pint. The'two sizes were nearly iden; 
tical-- the 375 milliliter is only 0.1 ounce less than the 4/5 
pint. The size reduction amounted to an effective price .in- 
crease of ,0.7 percent-- less ,th.an '1; cent -a bottl-ei: The prac- 
tice appears reasonable.because there is only a O.l-ounce dif- 
ference in the two sizes, and the price change was small. 

In one instance the. 375 milliliter was introduced 6 cents 
higher than had,been charged for the 4/5 pint. 

Throughout the analysis period, we found that converted 
wines had lower average price increases. Prices of wines that 
were sold in the 4/5-pint size increased an average of 12.4 
percent. But, those that were converted to the 375 milliliter 
increased an average of 12 percent. Thus, by January 31, 
1978, consumers of converted wines were paying an average of 
0.4 percent less than consumers who could still pu~rchase wines 
that had not converted. 

Consumers were not provided - . .- . aaequate information 

The wine industry and the Bureau have not taken suffi- 
cient steps to advise consumers about the wine conversion. 
Numerous advertisements for wines are contained in magazines 

- 

26-14 ._ 



and newspapers; However, we observed onlyione instance where 
advertisiing was used to help inform"the consumer about the 
size changes being made. ,, . 

We.asked four producers whether they planned any consumer 
education or advertising, programs on the metric conversion* 
Only one producer had conducted any advertising specifically 
addressing the new sizes. The others told us they had no 
plans for acquainting consumers .with the new sizes;-i One pro- 
ducer told us it believ-ed the- burden of advising the‘public 
about .metric conversion rested with the,Federal Government. ,.' 

.We'believe ,-it is particularly important for“consume'rs.to 
have adequate informa,tion 'during the period when the pr-oduct 
sizes they are familiar with are being changed and nior'esizes 
than normal are on 'the market. We also believe informative 
advertising could have been used' by the industr'y to adv-ise the 
consuming public during the conversion period. -.I : 

We also believe the Bureau has not adequately informed 
consumers about the metric conversion. In-December 197'4, when 
the regulation on converting wines to metric sizes was issued, 
the Bureau issued a press release on the conversion and,the 
expected benefits.. 

In March .1977, over 2 years after the, wine conversion 
began and,many metric siae wines were already in th,eemarke.t- 
place; the Bureau begand'istributing the chart shown below. 

. 

. ,, 

DEl?ARTMENT OF THE TREASURY 
BU,REAU OF ALCOHOL, TOBACCO AND FIREARMS- 

-- WINE 

BOTTLE SIZE EQUIVALENT BOTTLES LITERS U.S. GALLONS CORRESPONDS 
FLUID OUNCES PER CASE PER CASE PER CASE TO 

3 Ii ters 101 FI. Oz. 4 12.00 3.17004 4/5 Gallon 

1.5 liters 50.7 FI. Oz. 6 9.00 2.37753 2/5 Gallon 

1 liter 33.8 FI. Oz. 12 12.00 3.17004 1 Quart 

750 milliliters 25.4 FI. Oz. 12 9.00 2.37753 4/5 Quart 

375 milliliters 12.7 FI. Oz. 24 9.00 2.37753 4/5 Pint 

187 milliliters 6.3 ‘FI. Oz. 48 8.976 2.37119 2/5 Pint 

100 milliliters 3.4 FI. Oz. 60 6.00 1.58502 2,3,& 4 oz. 

Official Conversion Factor: 1 Liter = 0.26417 U.S. Gallon. 
Mandatory date for conversion: January 1, 1979. 

ATF F 5100.10 (9-76: 
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At the same time it issued the poster shown on the following 
page. for placement in 'retail stores. The Bureau also issued 
a press release in which it advised consumers to be certain 
of the sizes they buy because of the potential for confusion 
between bottles of different sizes which appearto look alike. 
It cited the liter and the quart-of wine as sizes which could 
be similar in appearance. 

'. 
We believe the information provided on the chart-and 

poster, has, beenmisleading to consumers. They show the 1.5 
liter as replacing the 2/5 gallon, when actually the 1.5 liter 
is replacing both the l/2 and 2/5 gallons. They show the 1.5 
liter-repl,acing:,a; size only 0.5.tounce different; they do not 
show -the 13-ounce.difference between the l/2 gallon.and, the 
1.5 liter. 

., The: posterand chart also do not show the 3 liter as. re- 
placing the gallon;. They show the 3 liter as replacing, the 
4/5 gallon, a size that was authorized but used very little 
before conversion., They do not show the 27-ounce diff.erence 
between.,the gallon and the 3-liter size. 

Furthermore ,.the Bureau did not provide consumers suf-fi- 
cient information on how to make price.compar,isons <between the 
new metric sizes and the customary sizes. It also did not ad- 
vise consumers that five new inetric sizes--187, 375, and 750 
milliliters and,1.5. and 3 liters-- are multiples of one anoth- 
er, a fact that may not be obvious to-some consumers..because 
the series is not used for other products. 

Bureau officials were aware of the way the wine indus- 
try was converting from the 1/2,'gallon to the 2/5 gallon and 
1.5 liter. The Bureau should have advised consumers &out 
this practice. 
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Comparing ‘the New With the “Old” Bottle Sizes 
NEW METRIC SIZE$ 

100 ml 
187 ml 
375 ml, 
i50 ml 

1 Liter 
1.5 Liter 

3 titer 

i 1 \PPROX. FLUID OUNCEI 
3.4 
8.3 

12.7 
25.4 
33.8 
50.7 
101 

OLD U.S. SIZES APPROX. FLUID OUNCES 
Miniature 2, 3 or 4 
215 Pint 6.4 
415 Pint 12.8 
4/5 Quart 25.6 

1 Quart 32.0 
2/5 Gallon 51;2 
4/5 Gallon 102.4 

Department of the Treasury Bureau of Alcohol. Tobacco and Firearms 

ATF P 51007 (12.76) 
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DISTILLED SPIRITS 

The distilled spirits industry is also converting its 
entire product line to metric sizes. All distilled.:,spirits 
are to be converted-from 10 customary sizes to 6 metric sizes 
by January 1, 1980. Other items, such ascordials and li- 
queurs, which were exempt from the size requirements for dis- 
tilled spirits; are also to be converttjd to the;,metric'sizes. .:. ,,, : ,, 

The size r'eductions could -have been achi&ed.without met- 
rication. At the time 
vert to metricsizes, 

the i,ndustr.y mad.e. itYs,,,r.equest to con- 
five of the customar~y,,. sizes--l/2 gallon, 

quart, 4/:5&,quaf!ti. pint, and, l/2 
the industry's'sal.es, 

pint-7 c~omprised, 94' percent of : .'. 

the,,4/5 quart, 
as sho;.vn in, the' table', b'elo:w. 'Bxcept for 

ali the commonly used'customary.sizes,'vere mul- 
tiples of, on.e ,ano,ther , making ;it :ea,sy.$or consumers to make 
pric:e comparisons between mos,t: sizes. ; Elimina,ting little-used 
customar.y, sizes ..:also would have pe'rmitted the 'ind‘ust,ry to re- 
duce ,the“numbeK of.distilled spirits sizes.; ,Q .' '_ 

;. ,:, 
Principal customary'sizes .usable 

until December 31, 19.79. Metric sizes permitted after October 1, 1976 
.',Percent 

': Equivalent of ,total c 
Percent change Ounce change 

Size fluid oz. 
Equivalent 

sales : Size fluid oz. 
from commonly 

used sizes 
from commonly 

used sizes 

1 'gal. 
I, 

128.0 0.1 
l/2 gal. 64.0 10 :5 1'. 7'5 L 59.2 

1 qt. 
-7.5 

32.0 31.3 " 1.0 L 
-5.8 

4/5 qt. 25.6 35.0 
3/4 qt. 24.0 0.8 

7$ +llL 
33 ..8 ,. ,-'; .; +1.8 
25.4 -0.2 ,. - 

1 pt.- 16.0 8.7 '. '16.9 
(:I 

500 mL 
4/5 pt.~: : 

+5.6 +0.9 
12..8 2.8 - - 

3/4 pt. 12.0 1.3 - 
l/2 pt. 8.0 

(a) 
8.4 200 mL 6.8 -15.0 

l/8 pt. 2.0 “, - - -1.2 

l/10 pt. 1.6 1.1 50.mL 1.7 + 6.3 
l/16 pt. 

+0.1 
1.0 

Total _ 100.0 

a/Size not authorized for distilled spirits.' It was used for products, 
as cordials and liqueurs, which were not restricted in size before the 

such 

conversion. 

Conversions of distilled spirits began October 1, 1976. 
Many products are currently being sold in the new metric 
sizes. 

The conversion is.also being carried out under regula- 
tions prescribed by the Bureau. However, it was the Distilled 
Spirits Council, a trade association which represents about 
95 percent of the distilled spirits industry, that petitioned 
the Bureau for permission to convert'to metric sizes and to 
reduce the number of permissible sizes. Among the reasons 

- -  

zL: 

E . -  
c . :  
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given byethe. Council for wantinggto. convert,were to (1) reduce 
production costs, (2) permit marketing and distribution effi- 
ciencies, (3) provide better service to the public, and (4) 

" promote exports. : : -' - :, . 
': :, " 

Several industry officialstold us that elimination of 
two less profitable sizes--' 

)I l/2 
the miniature. (1.6 ounces) and the 

gallon-- was 
by converting. 

the'.pr,imary objectkve the industry.sought 
They told us the.rindustry.was particularly 

interested in-having the l/2 gallon.eliminated.because it: 
cost more,to .produce a l/2-gallon bottle of distilled spirits 
than." to. produce 2 quarts,... But ,:because ,consumers expected.to 
pa,y less .an ounce for., larger siz.es..-than forI. smaller, sizes.,: the 
industry w:as forced::to,sell the 1</2 'gallon 'for less than the 
price, of 2 quarts. ,.,f." 

:.: c : j ,1 / j : -.' 
<Increasing ,popu,larity .of,the l/2 gallon .placed the in- 

dustry in the position where a steadily increasing proportion 
of sales were moving into the less profitable 112 gallon. 
Elimination. of the 1/22gallon as.part of-.a,metric conversion 
:would get:the industry out of.this: awkward position. 

", / 
The,-leg.islation by'the Congress directing NBS to study 9 

metrication also stimulated the industry to consider convert- 
ing to metric. By the early 1970s there was a feeling among 
some industry members thatthe ,United States would.:be convert- 
.ing . The,.industry was also influenced by the European Eco- 
nomic Community's, selection in 1971 of 17 me,tric distilled,. 
spirits sizes .for use intrade among membernations: 

On December 10, 1973, the Distilled Spirits Council sub- 
mitted a petition to. the,Bureau asking that.a pub,lic hearing 
be held on the adoptionof,. five me,tric sizes ranging in,size 
from 250 milliliters to the 1iter.i~ 0.n March 11, 1975,, the 
Council requested that the,l;75".liter be added.to the list.of 
proposed.sizes, 'Some industry members had.:expressed interest 
in. hav.ing a size,larger than the liter. I, 

.On July,l6,'1975, the Bureau published a notice inthe 
"Federal Register"-requesting public.comments.on the Council 
proppsal to adopt six/metric sizes--the 50, 187.5, 375, and 
750 milliliters and the 1 and,l.:75 liters... In the comments 
received, questions were raised by some persons on the proposed 
use of the 1.75 liter. It was contended that the 1.75 liter 
would not be in the consumers' interest because it was not 
easily comparable with other sizes under consideration. 

Some persons suggested that the 1.5 literbe selected 
instead of the 1.75 liter. One reason given was that glass 
bottles in the 1.5-liter size were readily available. Other 
persons suggested that the 2-liter size be selected because 

'- 
26-19 I 



it was close to .the l/2 gallon and.could be ,easily understood 
by consumers. ~ ,* 

Bureau officials told us the 1.5 liter was not considered 
suitable because it was not sufficiently different from the 
liter and, would.,not satisfy market needs for a size close 
to the l/2 gallon. The Bureau and the Tind,ustry have stated.. 
that the 2 liter..was not practical because technological prob- 
lems made it d.ifficu1.t to manufacture glass bottles in the 2- 
liter size.. The technological problems appear.to have stemmed 
from the industry's use ofsdistinctive bottles for,man-y ind.ivi- 
dual products. The bottles..frequently have special designs.and 
handles which make, them unique.. The low volume required, in 
the manufacture of individual bottles made.it,uneconomica.l to 
develop certain types of glass molds for large sizes., In,,.con- 
trast, the wine industry uses common bottles without distinc- 
tive designs, making it economical ,to make,large-size bottles, 
such)as the l/2 gallon, the 3*liter, and ,the gallon. . ..'. 

.: 
On March 3-, 1976, the Bureau approved conversion of dis- 

tilled spirits to six,-metric'sizes--the,50, 200, 500, and 750 
milliliters and the 1 and 1,.75 liters. Use of the metric sizes 
wasauthorized to, begin October 1, 1976, and be'complete by 
January,l, 1980. ( ', 

., : ,' ' 
The Bureau used the conversion asan opportunity to ,apply 

the size requirements to cordials, liqueurs, cocktails, high- 
balls, bitters, 
been exempted. 

and other specialty. items that previously had 
Requirements were also placed on. the number 

of bottles permitted in a case. 
. . 

In anno.uncing:,the conversion; the Bureau Director sa'id 
that the chang.e "should result in positive benef-its for con-, 
sumers as well as for% industry and government." He' sta.ted.‘ 
that the change: to metric would (1) reduce sign,ificantly.the 
number of bottle si'zpes, (2) provide enough-,separation between 
sizes to deter possible-consumer deception, and" (3) make cal- 
culations easier because of the round numbers. He also stated 
that these factors should aid consumers in making,price com- 
parisons. It was also expected that the conversion would 
benefit bottlers' , glass manu,facturers, wholesalers, reta,ilers, 
and governmental agencies concerned with d,istilled spirits' 
taxation and< regulation. 

Industry views on 'conversion 

Conversion activities were just getting underway at the 
time of our discussions with five distilled spirits producers, 
the Distilled Spirits Council, 
These officials, however, 

and others in the industry. 
were not expecting any major prob- 

lems or benefits. Several officials commented that they' 
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expected some problems in having to maintain inve,ntories of 
products in both sizes and that there:would be:some losses in 
productivity during the changeover. 

One distilled spirits official described‘the conversion 
as posing no difficult problems for his, company. He.said that 
the company is constantly making changes in its operations. 
New bottles are introduced, new-labels are developed,. and 
production lines are adjusted to handle bottles of different 
sizes with varying contents. He viewed the change to metric 
as just another change; one not much different than his com- 
pany faces on a day-to-day basis. . .," . 

; ,..' a. 1 
Another official of .a distilled spirits' producer told 

us that his company estimated it would cost ,$1:.5i,mill:ion to 
make the conversion. This includes.conv,erting bottle l.abels, 
making new glass molds, and changing equipment. Also included 
is the value of glass bottles made obsolete. This amount, 
however, was not considered substantial in that it amounted 
to less than 0.5 percent of the company's annua.1 sales;. 

.: 
.Another distilled spirits producer estimated it would. 

spend.$4 million to convert its facilities. Most of,these 
costs would,be for machinery adjustments, to produce the 200 
milliliter and ,1.75 liter. The adjustments f.orthese sizes 
were expected to be costly-and.time consuming because: they, 
were cons,iderably different than the customary.sizes produced. 
Only minor adjustments were considered. necessary to convert 
to the 50, 500, and 750 milliliters and the liter. ; 

This company also told us it would need to,spend between 
$16,000, and $17,000 each for,new glass molds for the new: 
sizes. But, it questioned whether they,should-be considered 
metrication costs because with proper timing the new glass : 
molds could.be used to replace old ones that wear out., 

Distillers'did not expect there would be major changes in 
productivity because of the conversion. However, it was ex- 
pected. that some production, storing, and handling efficiencies 
would result,because fewer sizes would be produced. 

Overall, it did not appear that the industry.was concerned 
with the conversion costs because these costs were not viewed 
as being substantial. ,On the other hand, the industry did not 
expect to, realize any substantial benefits. 

I. 

: 
Exports are not expected to ,increase 

None of the companies or trade,associations we contacted 
expected exports to increase because of the conversion. 
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Tariff and .nontariff barriers exist which restrict the export 
of U.S. distilled spirits; 

Consumers will not benefit 

Wessaw little evidence,that consumers will benefit from 
the conversion of distilled spirits. Not all of the sizes 
selec.ted make price comparisons easy for the consumer. 

The 1.75 lkter, which is replacing the 1/2‘gallon, is not 
easily comparable with either the liter or the 750,milliliter, 
the sizes with which consumers will compare it. The.li75,: 
liter is l-3/4 times larger than the liter and 2-l/3 times 
larger than the 7*5O milliliter.. Consumers were better off 
when they could double the price of, a quart or,multiply the" 
price.of a4/5, quart bye.2.5,to determine whether the l/2 gal- 
lon was a better value. : '. '_ , 

: 
Bureau officials believed that even',though it is not,, 

easy forconsumers to make price:comparisons with the 1.75 
liter, its selection was better than the 2 liter. They be- 
lieved it would not be inthe,consumers' best interests to 
force the industry to make an uneconomical size as the extra 
costs would have been passed on to consumers through higher 
.prices. A Bureau official told us he was not overly concerned 
that consumers could not compare the 1.75 liter with the other 
sizes. He believed most consumers made price,comparisons- be- 
tween items of the,same size rather than between, items of dif- 
ferent sizes. 

Before the conversion consumers could easily compare 
values between'the l/2 pint and the pin?; Comparisons:between 
their replacements, the 200 and 500 milliliters, will not be. 
so easy,'because the 500 milliliter is 2-,1/2 times larger than 
the 200 milliliter. Also; consumers will not be-able;to make 
easy price comparisons between the 200 milliliter and the 750 
milliliter. ( 

Bureau officials told us the 200 milliliter was selected 
because it was a size selected by the.European Economic Com- 
munity for use in international trade and because it falls in 
the l-2-5 numbering s,eries. Many metric proponents consider 
the l-2-5 seri'es an ideal size series for packaging consumer 
products because by using sizes, such as 200 and, 500 milli-, 
liters and 1, 2, 5, and 10 liters, consumers can make price 
comparisons among sizes.by multiplying or dividing by two and 
in some cases combined with a moving of the decimal,sign. 

Bureau officials told us they did not know how much in- 
ternational trade was conducted in the 200 milliliter or in 
the l/2 pint which it replaced. Thus, they did not know what 
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the immediate impact on distilled spirits exports would:be 
because.the. 200 milliliter size had been selected. They be- 
lieved that.the size selection was still valid because the. 
potential .for future exports would be facilitated; ,.. 

., _ 
Also, the desired benefit to the consumer-of being-able 

to make price comparisons between metric sizes because the 200. 
milliliter is in the.l-2-5 series will not materialize because 
the 750-milliliter and-the 1.75-liter, sizesare not in the 
series-. Consumers wilE- n,ot be ,able to make all'the price com- 
parisons the Bureau sought. 

Consume,rs paid higher prices 
for converted products 

.’ , .: ,. 
To see what changes were made to the prices consumers 

haid during the conversion period , .we selected 28 distilled 
spirits sold in Northern, California.and, 26 distilled‘spirits 
sold in Montgomery County, Maryland. In making our selec- 
tions, we obtained distilled spirits sales data from.the Na- 
tional Altioholic 'Beverage Control Association, which gathers 
data on distilled spirits sales in 18 States and Montgomery 
County, Maryland. We selected distilled spirits which com- 
prised about 35 percent of the sales of leading brands report- 
ed by the Association between January 1 and'october 31,, 1976. 

. 1.: . . 
We analyzed the price changes made to the selected ais-- 

tilled spirits for the period July 1, 1976--3 months before 
the conversion began--through January 31, ~1978, to determine 
the impact of the conversion on the prices paid by th-e con-. 
suming public. The prices we analyzed were the prices ,charged 
consumers ,for distilled spirits: in retail stores operated,by 
the Montgomery County Department of Liquor Control. For.: " 
Northern California the.prices we analyzed were the,minimum' 
retail prices posted with -the S.tate by distilled spirits pro- 
ducers and.distributors. 

We recognize that many.factors'affect the prices,of the 
distilled spirits we selected which cause prices to change. 
We did not attempt to analyze all the factors involved in 
the establishment of the distilled ,spirits prices. Rather, 
we concentrated on the prices charged in the marketplace 
to determine the impact the conversion had on the consuming 
public. 

We found that consumers paid proportionately higher 
prices for products that were converted than for those which 
were not converted. Higher price.increases were made to the 
1.75 liter and the 200 milliliter--the sizes that consumers 
would have difficulty making price comparisons with--than for, 
the other customary and metric sizes available for sale. 

I- 

!- 

26-23 



,We-looked into the overall price changesmade between, 
July 1, .1976,-and January'31, 1978, and into the price changes 
thatwere made at the time of#the conversions. The following 
schedule shows a comparison of,the percentage price changes 
made between July 1, 1976, and January 31, 1978, to the dis- 
tilled spirits sizes we analyzed. .' i :' 

,'I Percentage Percentage 
Size used at Size used at price 

change 
chance to 

July 1, 1976' Jan. 31, 1978 metric size 

l/2 gal. 
l/2 gal. 

l/2 gal. 
1.75 L 

-0.7 
+5.4, :. : - ..' '. +6.1 ,., - 

1 qt. lqt. ' +3 .:4 
.; 1  “. r_  

. .: *, . 
4/5 q.t:. 4/5 qt. +3.1 
4/5 qt. 750 mL:. +3.8- +0.7 

l/2 pt. - l/2 pt. i-2.0 d 
1/2,pt. 200 mL +13.4 +11,..4 l 

j 

f 

No conversions were made from the quart to the liter, 
from the pint to the 500 milliliter, and from the l/10 pint 
to the 50 milliliter. For these the metric sizes are all 
largerthan the customary sizes they will replace. 

: 
The industry appears, to be following the.general practice 

of introducing first the m-etric sizes which are smaller than 
the customary sizes they will replace because it will most 
likely be necessary to. increase 'the price,s of the. converted 
products. For example, officials at one distilled spirits 
company.told us that because the liter is .larger than the, 
quart, price incre,ases will be needed. Therefore, conversions 
from the quart to the liter will be made late in the conver- 
sion period. The price increases will make the liter prices 
appear to be less of a value than competitors' quarts that are 
also available fbr sale. 

Con,sumers paid higher prices for Con,sumers paid higher prices for 
distilled spirits converted from. distilled spirits converted from. 
the l/2 gallon to the 1.:75 liter the l/2 gallon to the 1.:75 liter 

Conversions from the l/2 gallon to the 1.75 liter gener- Conversions from the l/2 gallon to the 1.75 liter gener- 
ally were-the first made for the products analyzed. ally were-the first made for the products analyzed. Of the Of the 
47 distilled spirits available in the l/2-gallon size in 47 distilled spirits available in the l/2-gallon size in 
Northern California and Montgomery County, 45 were converted Northern California and Montgomery County, 45 were converted 
to,the 1.75 liter by January 31, 1978. to,the 1.75 liter by January 31, 1978. In every instance, the In every instance, the 
product unit price increased. product unit price increased. On the average, the price On the average, the price : : 
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increases made at the times of the conversions amounted to 
4.7 percent-- an average of 50 cents a bottle. 

For 43 of the 45 conversions, the bottle &ice was de- 
creased but not. proportionate to the size decrease, resulting 
in an increase-.in';the unit price. Making the price changes 
in this way made the prices of converted products appear 
cheaper than competitors' products that had not converted. 
For the other two conversions the prices of the smaller 1.75- 
liter bottles were.increased over the l/2 galion being re- 
placed. Becau,se the 1.75-liter bottles 1ookyer.y similar to 
l/2-gallon bottles, consumers who did not carefu,lly look at 
the bottles could have been easily misled. ',;'-‘:;. i' ;I 

.,. ,: 
When'we::‘looked into the overall long+term price changes 

that were :made f,n 'tiontgomery County and.,Aorthern-California _,,. 
between July 1; 1976, and January 31,.: $978'; :we':,found, .'&h:at:con- 
verted >p,roducts:;l@ 'h:igher::average' pr,ice.. :incL~~'~eS,:'~h~'~',tkiose 
that had notconverted.:,‘ Priices of d'is&l-led ,s;pir.its that 'were 
sold in the l/2 gallonduring the en'tire, pe,-s;iod,.dec,rea~~~d.an 
average of 0.7 percent. But those thatconverted to the 1.75 
liter increased an average of 5.4 percent. Thus, by January 
31,'l978, consumers- of converted distilled spirits were paying 
an average of 6.1 percent more than'consumers who could still 
purchase items that had not converted. .' . . 

Conversions from the 4/5 quart: ( 
to the 750 milliliter, 

By January 31, 1978, 34 of the.53 analyzed products in 
the 4/5-quart size were converted to the 750 milliliter. 
For;32 of the conversions,' the 750 milliliter was sold at the 
same-price that the 4/5 quart had been. 
price was increased, 

In one instance the 

decreased. 
and in another in~stance the price was 

The 750 miJli;kter dontains 0.2 'ounce less contents <ban 
the 4/5 quart; a'reduction of 0.8 percent. .Conversions of the 
products we an&yzed resulted in an average consumer.price 
increase of 0.8 percent-, about 4 cents .a bottle. The practice 
appears reasonable because of the small size and,pric& changes 
'involved. 

Conversions from the l/2 pint 
to the 200 milliliter 

Conversion from the l/2 pint (8' ounces) to the 200 milli- 
liter (6.8 ounces), a size decrease of 15 percent, represents 
the greatest percentage reduction in size being made.to dis- 
tilled spirits. By January 31, 1978, 38 of the 45 distilled 
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l/2 GALLON 1.75 LITER 

. 

BECAUSE THE 1.75-LITER BOTTLES LOOK VERY SIMILAR TO 
l/2-GALLON BOTTLES, CONSUMERS WHO DID NOT CAREFULLY 
LOOK AT THE BOTTLES COULD HAVE BEEN EASILY MISLED. 
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spirits sold .in the l/2-pint size in Northern California and 
Montgomery Countyi:had,,been converted to the 200;milliliter. 

,v- ,' 
For 33 of the 38 conversions, 

2 .y> ." 
the prices charged for the 

smaller 200-milliliter bottles were lower than the prices that 
had been charged,forthe l/a-pint bottles they replaced. How- 
ever, the price .decreases were -not proportionate to the size 
decreases, re,sulting in increases, in prod&t unit prices. In 
the other five instances, the. smaller, 200-milliliter product 
was sold.at the same price that was used for the 1+2 pint be- 
fore it was converted. The :averag.e .unit, pricec,increase.,made 
at the times of the conversionsamounted to.108.percent--an 
average increase of 16 cents a bo'ttle: : 

When .we looked into. the. price changes that .were..made .i,n, 
Montgomery County and Northern California from July 1, 1976;. 
to January 31, 1978, we found<that converted products had 
higher average'priti,e increases than those that had not'con- 
verted. .j?rices of distilled spirits:sold in the l/2-pint size 
during the, ent,ire period-increased an average of'2:O percent. 
But those converted to t,he,200 milliliter increased an-,aver- 
age,of 13.4 percent. Thus, by' January.31,,1978-, consumers of 
the converted distilled spirits we analyzed were-paying an 
average of 11.4'percent more than consumers who could still 
purchase ite'ms that had not converted. .' 

Cordials, liqueurs, and specialty items 

The"Bureau used'the conversion of distilled spirits as 
an opportunity to require that cordials, liqueurs, and other 
specialty items produced by the distilled spirits industry ; 
also use the same metric sizes,that distilled spirits were 
required to use. Before the conversion there was- no require- 
m'ent on the sizes of these products. ' ., 

Consumers should benefit to the extent that'size uniform- 
ity is established for these products. Consumers,- however, 
may find the same difficulties making price‘comparisons be- 
tween these products as they will for other distilled spirits 
in the. new metric sizes. 

Becaus,e,of the wide variety of specialty items sold, we 
did not attempt ,to make price comparisons for the items which 
have beenconverted. 

Consumers were not provided 
sufficient information 

The distilled spirits industry and the Bureau did not 
take.sufficient steps to inform consumers about the changes 
occurring in distilled spirits product sizes. Industry 
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producers place many advertisements in nationally distributed 
magazines, b.ut we did not observe any. instances where -ad.ver- 
tising was being used to inform consumers about the conver- 
sion.: . / 

In March 1976, when the Bureau announced the proposed 
conversion of distilled spirits to metric sizes, it issued a 
press release pointing out,the differences between the,sizes. 
In March 1977:th:e Bureau began' d.istribution.of the chart- shown E j i 
below to the industry and others who requested it, and'the 6= 1 F -: 
poster shown on the- following~.page was dist.ributed to d.istill- 
ed spir.its plants, who.lesale d.ealers, importers, and others, 
such as State liquor control agencies and reta~il stores. 

I. i 
DEPARTMENT OF TH.E TREASURG 

BUREAU OF ALCOHOL, TOBI’?cCO AND FlRwRk 

.DISTILLED SPI:RITS : : 

BOTTLE S.‘ZE’ 
EalJl VALENT BOTTLES’ LITERS’ U.S. &ALLbNS COdkiEiSPONtiS 

FLUID OUNCES PER CASE PER CASE PER CASE io 

1.75 liters 56.2 FI. Oz. 6 "' 10.50 2.773806 l/2 Galioh I’ ” 
: 

1.00 liter 33.8 Ft. Oz. 12 12.00 : 3.1 joo64 ’ ‘: 1 Quart : 

750 milliliters 25.4 FI. Oz. 12 9.00 2.377548 4/5 Quart . 

500 milliliters 16.9 FI. Oz. 24 12.00 3.170064 1 Pint 

200 milliliters 6.8 Ft. Oz. .48 9.60 2.536051 1/2,Pint ; I 

50 milliliters 1.7 FI. Oz. 120 ,,, 6.00 ." i.585032. 1, 1.6,&, 2 Oz. : 

1 ‘_ 
ATF’F 5100.10 (9-76) ). 
Official Conversion Factor: 1 Liter = 0.264172 U.S., Gallon. . . 
Mandatory date for conversion: January 1,198O. 

In March 1977 the Bureau also issued a press ,release in 
which it advised consumers to.be certain of the sizes they buy 
because of the potential for confusion between bottles of dif- 
ferent sizes which appear to look alike. It specifically 
called.attention to the 112,.gallon which contains‘4.8 ounces 
more than the new 1.75-liter size but which may appear iden- 
tical in appearance. 

The chart and the poster will be of some assistance 'to 
consumers. However, we question whether they provided consum- 
ers with sufficient information needed during the conversion 
,period. They list the new metric sizes with those that are 
being replaced, but do not show consumers the percentage dif- 
ferences between the new metric sizes and the customary 
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VI ihe 
Treasury’ 
Bureau of 

Alcohol, Tobacco 
& Firearms 

METRIC 
&ET 

FLUID O,?. IN CORRESPONDING 
‘U.,?. “;ES 

,, 
50 Iii1 1.7 oi.1 

200 ml ‘6;8 oz. 
500 ml 16.9 oz. 
750 .rnl. 25.4 oz.’ 

1 Aiter 33.8 oz. 
1.75 liter 59.2 oz. 

Miniature 
V2 Pint I” 
1. \ pi,n.t: 

%i Quart 
1. Quart 

Y2 Gallon 

1, U.S.. S!ZES’ 

1.6 bz. 
: 80~. 
16 oz;: 

_ 25.6, oz. 
3’2 oz. 
64 oz. 
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, : .I* ,- ;i, w , 

$ 

-. ,'Producers, must oonvert .'f 
products into ',customary 1~ 
tax liabilities. As 'produce'rs ',~~ake--.conyerS.ions.:t.o metric, 
they,- must:] convert more: and more :of th,ei.rre& ' 9, ., ; &i,. "' '<' ,_' I;(i 

prod ". 

uld 

SOET 

Industry conversion 'activi't,ies 1: . . " .C.: '5, '. 
1' " , .-m, o.., '.C ; : ,, ,. ?,. /. . ..A~ /I j'; ,: 

:::';:1 Use "of metric-,size containers for soft, drinks began in 
Apri.1 1975 when a'major soft drink cornpa-ny :introduced the 
liter size in one o-f its:marketing areas. The company wanted 
to use the new bottle, dhich,'tihile shorter,, would'&st less 
since it contained ,less glass and would, perYorm better on:jpro- 
duction lines. The new bottle 'would also permit a 20,Fpereent 
savingsin space for bottlers because (1) more'cartons could 
be'p.laced in the same aTmount of space, (2) increased paylpads 
would be'possible for trucks, 'and (3)“more storage capabi,lity 
would result in warehouses. Also, customers preferred the 
new bottle. '. ., .I\ 

'The iompany. was concerned that ,the low,height of the new 
bottle tiould'.be.aperceived.'by'~cuitdmers.:as:contain'in~‘less, 
quantity 'than competingL'p.roducts,; The' company b:e-lieved,- it 
could overcome the height perception problem by designing the 

r 
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new bottle to contain more contents than competing,,products 
and convincing customers that the,@horter bottle actually had 
more contents. The‘,liter,,was selected because,,.it contained' 
1.8 ounces more than the quart; and there had been,national 
interest in' metrics. 

The company .viewed using the liter as an opportunity t,o 
be the firstin the soft drink industry with'the me'tric sys- 
tem. Besides;' ifthe company converted &metric it would 
need to,have a bottle that\ was different%romthe standard 
size and shape.-to solve potent,ial sorting ~pr'oblems ‘inbottling 
plants. .lc ,I .,,'I, : .i 

metric-size bottles were .used. j ",,',"' ,' '~' " :" 

Sin& April i975 use of metric sizesby the;&oft.drink 
industry has become widespread. Ofie ,_ ~ojm$&j e&&p.f-$d $n : 
March 1977 that over 6'0 percent of the United State$had:: 
at least one of its metric-size bot,tles'i; ..'" ._>, ',a Y ', . . , I "~.::~:.-,~~&?. 

All the metric" soft 'drink changes: ;fh:&. ,$'&"',ai.z 'Aware of 
\involved soft ~drinks,,,,s&ld in bottle‘s'.~"" No softdrinks ,,were 
being sold ,*iri. me't'ric-si-ze cans. Soft iFink &us&y officials 
told us that no conversions involved can; 'because the costs" 
to conve.rt can productionlbfac;ilities-would.be too high! ,about 
$1 million for-each. canproduction line. .,Also, concern :was 
expressed on the&pact changing can:sizes would have,on 
vending machines. 

We did not identify any instances where the new metric 
sizes were not used to replace existing customary sizes sold 
in refillable bottles. About 38 percent of the industry's 
1975 sales were in refillable bottles and to replace them 
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THE COMl’ANY WAS CONCERNED THAT THE LOW HEIGHT OF THE 
NEW BOTTLE WOULD BE PERCEIVED BY CUSTOMERS AS‘CON- 
TAINING LESS QUANTITY THAN COMPETING .PRODUCTS. 
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with new metric sizes could be costly:.fort.he industry. ',One 
soft drink company told us it would cost $66 million to rel 
place its exist.:ing:.inventory,of customary-size re,fillable 
bottles, related equipment, and bottle cartons. Another soft 
drink company told us it would-cost o.ver $100 million just to 
replace the bottle inventory of two of its key sizes: 

.: - -. 
Regarding refillable bottles, ,in 197.l:.the Oregon State 

Legislature .enacted a minimum deposit law that required that 
a refund.be ,paid on all beverage containers. By early 1977 
four States and several local,governments had enacted.some 
type of.mandatory deposit 1eg:islation.. Other jurisdictions 
ar'e considering similar requirements, and suggestions have 
beenmade to enact Federal legislation 'providing for a nay: ; 
tional mandatory deposit system.-::. It is ,expected that enact- 
ment of mandatory depo,sit legislation would c.ause the use,:of 
re,fil.l:able: contain.ers to .inc,rease. If this happens soft drink 
bottlers will need to purchase,larger inventories of.,refill- 
able bottles th,an,are currently needed. If,the.ir inventories 
of customary-size refillable bottles increase,* conversion may 
be more difficult. 

/ 

All the industry's metric activities have been made on 
a voluntary basis. Industry officials viewed conversions to 
metric :on a voluntary basis as best serving the'industry's 
needs. They believed that by being able to convert on a 
voluntary basis, changes c,an be made when most beneficial to 
thseir operations. Changes made in this.manner were expected 
to be less costly. 

Officials generally expected that use of metric-size 
containers will continue to increase. However, the industry 
has no timetab,le 'for making a conversion to metric, sizes. 
One official estimated that, unless unforeseen marketing 
changes occur, its most widely ,used refillable customary 
bottle size would still be in use for 20 more years. 1 

; 
In spite of the successes achieved by the industry in 

adopting metric-size containers, industry officials told us 
of no specific benefits the industry would obtain by making 
greater use of the metric system. Benefits, such as the in- 
troduction of new shape bottles and achievi.ng sales increases 
by selling products in containers,larger than those, used by 
competitors, could have been achieved without converting: to 
me.tr ic . 

Soft drink industry officials told us that bottled soft 
drinks are not exported. A conversion.to metric wasnot ex- 
petted to have any effect on exports. 
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Consumers have benefited ,L' :, : 
: ' _i .: it: ,f 

It. appears 'to. us,: however',' t'hatconsume.r's. have received 
some benefits from-the size cha-nges in the soft drink. indus-. 
.try-: The soft d.rink industry.- has begun mar-keting some of ,' 
its products in rational metric sizes; which', if this -trend i 
continues and a complete conversion is made to metric sizes, i 
should help 'make.price' comparisons easie‘r for'consumers:. In 
February 1977, the Virginia Departme.nt of Agr.iculture',and Com- E P' 
merce reported in its mon'thly-newsletter of,consumer informa- i 

F 
tion'.that'sev.eral soft,drink.bottlers had converted.so,ft . 
drinks in certain areas to largler metric sizes without: tin-,. 
creasing, the price-: For, 'example,. one company ,tha.t had sold.'. 
its sof.t drinks' 'in a, .28-ounce-;;. nonrefillable bottle began-,- 
sell.ing the 1i:te.r %'(:.33.:8 ounces)at. the same. price i Other 
companies' hadr,sold the liter kti the same,,$rice that had,'been 
'used -for sales, of .the quart :(32:+.ounces), giv.ing :consumers, al- 
most 6 percent more'vasue for their,money; One c.ompany told. 5 g 
us its,pricing strategy was to-'price the liter at the same. 
price as competitors! -quarts.. .We.were not able to verify.the 
actual pricing of soft drinks that has occurred. as bottlers 
made conversions into metric sizes. 

Consumers have-also benefited in that the metric sizes 
used by the, soft drink industry?-l/2 liter+. liter, and 2, : 
liter--are'multiples of one,another. Use of theseesizes 'per- 
mits consumers to-make price comparisons between these sizes 
while at the same time prbviding sufficie.nt choice to satisfy 
consumer needs. Increased use of .these sizes could'result in 
even further benefits to consumers desiring to make price com- 
parisons when shopping. ' 

Soft drinks are sold' in 15 customary size,containers-- 
6-l/2, 7, 8, 10, 12,.,16, 24; 26, 28,'30, 32, 36, 48, and- 64 
ounces. Many of these sizes do not! lend‘ to easy price coinpari- 
sons with .other sizes. Also, many soft drinks are sold in 
cartons having 2, 4, 6, 8, or other quantity containers. Be- 
cause of this, the soft drink cartons consumers purchase come 
in sizes such as 39, 42, '96., and.128 ounces--quantities which 
which do not lend to easy.price comparisons. 

If there-were.a complete conversion to metric sizes, 
this could help facilitate‘consumerprice comparsions, partic- 
ularly if rational sizes'like the l/2 liter, liter, and 2 
liter are used. For example, the price of a carton of eight 
l/2-liter bottles (4 liters) could easily be compared with the 
price of four l-liter 'bottles or two 2-liter bottles. The 
same advantage could be achieved, however, if soft drinks were 
sold in customary sizes that-were multiples of one another; 
Also, the benefit of ratio.nal sizes is not as important when 
stores use unit pricing labels. (See ch. 27.) 
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MILK 

Most milk containers.,show me,tric equivalents. This 
practice began in the, early ,&9JOs when the industry was re-,-, 
quired to change the labels to show,,nutrients. The decisi,on 
to show metric equivalents was made in response to an NBS 
suggestiqn that t,he milk industr~y.convert to,metric-. 

The sizes in which milk may be sold is strictl,y regulated 
by various State laws. At present, the l/2 pint,,pint, quart, 
l/2 gallon, and gallon are the most commonly used sizes. They 
are all. multiples of one another which makes price comparisons 
forconsumers ~simple. O-the-r sizes permitted incl.ud;e the gill, 
an amount equal to-about l/4 pintr and 3 quarts.. The +3:quar,t 
size is permitted in,about 20. States but is notwidely use,df. 

The St,ate.s have not appr.o,ved the s,ale of 'milk in metr,i,c 
sizes. However, pro'posals have. been introduced at the N:,ation-. 
al Conference 'of Weights and Measures, an annual conference of 
weights a,nd,measures offic,ials, to,permit use of certain met- 
ric sizes for milk., The proposals have not yet been appr,o,ved. 

A Milk Ind'ustry Foundation official told ,us h,e di'd not 
i 

,exoect conversion .of the milk .industry to result i'n any,ben- 
efits for consumers, The official did not k.now what 'impact 
conversion of product sizes would have on industry costs. ,No 
studies have been made to determine what these costs would be. 

:  ,’ :  

Very little .liguid milk is esported. .‘An industry offi- 
cial told us that conver,sion to.metric .would not h,ave any im- 
pact on international trade'of milk. Also, it isnot expected 
that conversion of the milk industry would reduce the 'number 
of sizes produced. It~appears that-if conversion occurs, the 
most frequently used metric sizes.'wo'uld be as‘follows. _. 

Metric size 

'. 
Existing" 

customary size 
. a 

than 

250 ml; l/2 pint j 
500 mL 1 pint 

1 L, 1 quart 
2L 

.,4L ;: " 
l/2 gallon 

1. gallon. 

Each of the above me,tric sizes is about 6 percent larger 
the customary size it would replace. 
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BEER 

Industry representatives did not'see any benefits in 
converting its' containers to metric, sizes. The industry did 
not expect that any production or marketing efficiencies would 
result if it were'to convert. It has vigorously opposed'any 
metrication efforts that would make its container sii'es"obso- 
lete. Several producers show metric equivalents on product 
labels, but no conversions ha,ve been made to metric-size 
containers. 

The sizes in which beer is sold is regulated by the 
States and many different sizes a're. authorized. Under'the' 
Federal Alcohol Administration Act, the States are provided 
the authority to regulate beer sizes. 
used are 7, 12, 16, and 32 ounces. 

The sizes most widely 
Revisions of laws in many 

States would be necessary if,the industry converted to metric 
s'izes. .' 

A U.S. Brewers Association official told us that conver- 
sion to metric sizes would not increase exports. Mostover- 
seas beer shipments are to our military forces. 
beer is exported to other countries. 

Very little 
Tariff and nontariff 

barriers would still limit beer exports. Also, the high cost 
to ship beer oversea,s makes its sale noncompetitive in foreign 
markets. 

In 1975, 16 percent of beer sales were in refillable bot- 
tles; and the'industry has a sizeable investment in refillable 
bottles, ':most of which are 12 ounces. The industry says these 
would be expensive to replace with'metric-size. bottles'. 

Industry officials told us it would be costly"to adjust 
can-filling lines to accommodate me'tric sizes. At one company 
officials estimated it would cost $1.5 million to adjust each 
can line-- a 
lities. 

total of $15 million to change its canning faci- 
In 1975; 61 percent of the industry's sales were in 

cans. Many beers are now sold in 12- and 16-ounce cans. Most 
production lines for filling cans are not easily adjustable 
to handle different sizes. 

Several industry officials believed it was inevitable 
that the industry ,would convert to metric. But, they believed 
conversions would not occur for many years unless required 
by the Government. Two industry officials told us they ex- 
pected that a producer would convert to metric when it saw 
a marketing advantage to-making the change and this would 
stimulate others to convert. Industry officials believed 
that the United States should continue a voluntary policy of 
converting to the metric system. 
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The substantial use.of refillable bottles :and cans has 
caused great concern within thetbeerindustry on the impact- 
converting to metric sizes would have.. Soft drink industry 
officials had.similar views-on the -impact of converting can 
sizes and existing, inventories o,f re,fi:llable bottles. These 
concerns were not felt.by the wine and.distilled spirits 
industries because they use one-way, nonrefillable bottles. 

BEVERAGE CONVERSIONS, IN CANADA 

Our discussions with Canadian officials revealed some 
differences and similarities in views and techniques on::con- 
verting products to metric.sizes. '.Th,eir v.iews also‘, illustrate 
what we may expect to.,occur in the Un-ited States if other 
products convert. ',' 

I :, 
The wine conversion in Canada is being,carried out in 

a manner very similar to the conversion in the United States. 
The Canadian wine .industry has- adoptedthe same metric sizes 
that we,.have, plus the 5.00-milliliter and#2-liter sizes that 

.we do not have. The Canadian wine industry believes it has 
benefited.fr,om the, conversion because it used the change as 
anopportunity for producers. to make grea.ter use of s,tock 
bottles ,(bottles made by the glass industry for use by more 
than one producer). x 

Little progress has been made in converting the Canadian 
distilled spirits industry. The industry and,government agen- 
cieshad difficulties reaching an agreement on new metric sizes. 
The industry,did not want,to change product sizes because it 
would need to have new,glass molds made. 

"I, 
The, Can,adian soft.drink industry is replacing its entire 

inventory of refillable bottles with new, metric-size, refill- 
able bottles. The conversion is being carried out over an 8- 
to lo-year period so thatthe existing customary-size bottles 
can be used through their normal life span. Metric-size, re- 
fillable bottles are being purchased. as needed,to replace.,bot- 
tles that have not been. returned to the&soft drink companies 
or cannot be reused. The long conversion.period was agreed 
on to minimize conversion costs. Soft drinks were.not sold 
in nonrefillable bottles. 
10:ounce can size 

No changes will,be made to the 
--the only size used, for soft drinks--because 

of. the high costs that would be involved. 

Conversion of milk containers is well underway, although 
there have been delays in Ontario Province. Initially there 
was considerable industry reluctance to converting. 

Milk producers' problems varied by the type of packaging 
used. Most milk wgs sold in plastic pouches, and we were told 

L 
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that producers .had,littletrouble converting .those pr-oduction 
facilities;' .But producers. whoY!used pap.er cartons 'claimed ,' 
that ,pr,od.uction costs rose.. We .were to.d -that prod:ucers using 
paper cartons needed: to purchase> much new equipm'en't in. orde-r.- 
to;:c.onvert8 butthat: the new e‘quipmen,t was tech.nologically 
better than the old .@roduction~equipment; resulting in effi- 
ciency improvements; The ,old equipment was designed to place 
milk in Imperial-quart (40 Imperial ounces) cartons and could 
not be easily converted to produceamilk' in l'iter cartons;, ','..' 

Milk sales increased after the conversion....::It was'be,.- 
lieved" this, occu-rred -because the wid,ely u.sed 3-quart size ? '? 

'. ( 12.@.. Imf?er<iali. 0unce.s) : .w& converted to ,a::? 421 i&'e!r., @a& "( 7l&1 irY:J 
-XptiXl ounces)? A~i~dei~i~l~ind ustf y o:f:f;ie i,al, 1 to*ld." us'. 

he believed milk sales in the United States mightalso'in- m,. 
crease if a conversion to metric sizes was made because the 
liter -is about ,6 percent 1a:rger;than .the quart. -'!?' I ,_ ,; . . :. : .L ,, c.,:.. , ." i .,, _, 

)I No .change,s' were being made:' to the be.er con,tain&- sizes ~' 
used in Canada. Over 9.0 percent of beer, sales',we,re in -12-:1;J 
Im'perial-ounce refillable bottles,. r 'The industry was not asked 
to change'its'bottle size because cons~idera'ble costs' woula be 
incu.rred:an,d no benefits would be gained.' Very lif'tle'beer 
was sold in'cans, and'the cansize will not be changed.' ',, '\ 
CONCLUSIONS 

. ;- ‘,‘. L  

‘- Metrication' will- require- vigilance, at al,l.' levels .of t 
government.: Protection of'.the consumer is-no't the‘responsi- 
bilityof any one 'level_- it is "a respdnGibi1 i:ty:. of.: bb:th;'+ in-' 
dustry and government. If the United' States converts-,"special 
precautions will need to be taken during the conversion period 
to ensure that the-.,consumer' iszadequately protected an'd.as- 
sist-d when :the need. ak:ises. ', .' ..: i. ~ 

,' :' ..'. ,:. 
I 'Metrication proponents.have. stated that consume~rswill 

benef,it if ra*tional package sizes'are,adopted'which. would 
'make'price comparisons easier; However', our sfudy.df'the 
beveragje industry showed that conversion-to the metric'system 
does not necessarily, provide assurance'thatconsumer products 
will be manufactured in sizes that will be easier for consum- 
ers to understand and make price'.'comparisons between? 
wine-,and distilled spirits"sizes, 

Certain 
such as the:.quart and i/2 

gallon, were easier to understand'and make price comparisons 
with than some of the metric sizes selected. 

.' ! " 
The addition of larger metric wine sizes to those origi- 

nally permitted shows thatobjectives sought which were to 
benefit the consumer --reduction in the number of sizes.in use 
and the establishment of sizes which can be used'in making 
value comparisons-- may be lost through later actions by those 
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involved. '. The metric.;sizes which'come into:!uselma.y not be any 
more underst:andable‘,to consumers than the,customary-.sizes.were. " : j : .,_. ,. ' ,, :,, : 1. ^ .., ,. Manyjbeverageshave traditionally:b.een sold infrational 
customary sizes. Milk is.already,sold..ih rationad, customary.: 
sizea, land rational 'customary and,metric:sizes have: been " 
placed into use by,th,e, soft drink industry.:;iWh.ile,further.. 
adoption of rational package size,s. is a la.uda,ble.;objective for 
beverages, it is one-that can be achieved without converting to 
the,metric system. ,. i -, ; .I. 

.' . : . . /_ : ",> 
Conversion to the me.tric' system doe.9n.o.t ;as.sur.e that! co,n- 

sumers. will, benefit. :.i.The so,ft* drink I industry: has,made.,changes 
that.. have' provided some: benefits,. folr;;.consumers.< 7. Rational'-..,, 
siz.es 'have. been :sel,ected,, ,and- the .info.rmatio'nwe- obtained; (: '. 
indic,ated. th-at pr i:ce:s. werei'not,. increased:; :.;. Bu:t.the: distilled i. 
spirits and wine conversions geneeally ~esult~d~~i.m:con~s:umer-,- 
price increases. 1 c '. 

Conversion o,f the .wine- ;and distilled'.s&irits ,i,nd(ustries 
.', ,, ': 

was..facilitated.: be:cau.se: the s,i,zes o:f these pro:d.ucts- are, reg:u'A 
lated by one Gov.ernmentagency. Milk and b:eer sizes.: ares also 
regulated, .but size regulation is perf0rmedd:ib.y each, Sta.te.: .If 
milk and beer are to be converted to metric sizes, coordina- 
tion among the. States wi.l.1 be' desiarablei;. So.ft drin'k sizes are 
,not regulated:! .~,Imp:rovements are'.possible to! the .si:zes..:now ; 
used- ,for-..so,ftr drinks and s.ome-chang:es .rnap:',b,e desir.able, ,but : 
conversion to (metric sizes could result in ad,optionof.-new. ,:':, 
sizes which .do not benefit consumers. : I'.' :. ..* ::I. 

I ., 
Man,y addi,tional beverage producers will.,not convert ,un:: 

less required to do so by the Government or in the event of.: 
unforeseen marketing forces. Some,beverage producers' actions 
have'been' .influenced by the b.elief:, tha,t metric. conversion is 
inevitable. : i, _' '_,. .~ ,I, i i', ,, 

., : :. :I 
The conversion periods used for converting.wines and dis- 

tilled spiritswere adequate to meet the ,need.s. of?,these in+:-, 
dustries and of the glass"industry which supplies: the bottle,s 
used. The wine and distilled spirits conversions have shown 
that se'lection of proper conversion periods helps to reduce 
conversion costs.; 'I '; 

j, ,,( : 
If the-United..Sta.tes converts, consumers wil!l benefit if 

products are .converted in short .time periods. This will eli- 
minate using" two measurement systems in the marketplace for 
a long period of time. Yet; an adequate period of time is 
needed to.minimize .conversion costg. The needs of both would 
need to be balanced. 
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,The..Department of the. Treasury's Bureau of Alcohol, 
Toba'cco and Firearms shou.ld reevaluate the metric:sizes se- 
lect,ed for distilled spirits. The 200-milliliter and the 
1.75-liter sizes.seleoted for distilled spirits do not provide 
consumers ease of pr.ice-:.comparisons. It was in these sizes 
that the highest.price increases occurred when metrication 
took place. Siniilar..price increases occurred in metric.wine. 
sizes where,.significant size.changes occurred.' 

:, .' '? (! 
During the periods we observed, producers.generally..con- 

verted first to smaller-size bottles. Both the price and the 
contents of the bottles were reduced.. However,, the -reductions 
we-re"not ,,proportio.nate, resulting inlunit price inc.reases-. j 
Producers.-h-ave> deferred-making-conversions to'larger.metric 
sizes.' Wines>an,d':distil'led spir.its that; were co,nvert.ed to 
metric size,sexpa.rienced unit.price.increases greater than 
fo.r.those: that, did not convert. :. .' L .:' 

While the impact of the wine and distilled‘,spirits con- 
versions,on consumer prices has bee.n largely de,trimental so 
f,ar , it remain's,to be, seen whether the practice of increasing 
,prices of conver.ted products continuesthrough the rest of 
the conver,sion per.iods. ~ .' : : , 

,' 0. I ,i I :. '; > 
;The Bureau., and the wine and disti,lled.spirits industries, 

in carrying: out.the firs.tcomplete nationalmetric conversion 
of 'a:"consumer produc,t, had:a unique' ressponsibi-lit'y to- ade-, 
quately inform consume-rs:.of the chang.es. The. industries re- 
quested the Bureau's approval to convert to metric sizes, and 
the Bureau gave its consent. These organizations have not 
ad.equately advised.consumer.s.abouJ the size changes being 
made. - T .: 

As a Government. agency‘ responsible to.the;public the 
Bureau should-have ensured that its actions protected'the 
public interest. Because it did not do this, consumers were 
not adequa'tely, served.? ,The.Bureau should expand its public 
awareness program to ,better inform consumers about the 'size 
change,s being made. '; _ ". 

The wine conversion caused recordkeeping problems. 
cordkeeping problems also should probably be expected for 

Re- 

other products during any transition period from the use of 
customary to metric sizes, and eventually the' needtwill arise 
to decide whether to make metric the predomin,ant measurement 
system. For the wine industry,, recordkeeping.problems caused 
by the conversion could ,be alleviated if the Bureau's tax- and 
reporting requirements were also converted to.metric. 
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RECOMMENDATION~Si.;TO -THE! I '. ': ;' 
SECRETARY OF THE TREASHRY :: .' I '. .I '. *.. ,-s.',. '( /\_ ., .: I. * 

In view of ,the: dif,f,iculties,in converting the 'iine 
industry's rec.o,rds. .into customar.y,:unirs. -for- the purpose .of 
determining Feder:al~.tax liabilities and the likelihood that 
similar pr.oblems~will~,~occur in the distilled spir,its industry, 
we recommend that when appropriate the Secretary request that 
the Congress amend the.Internal Revenue Codeyto tax wines and 
d.istilled spirits,on the: basis 'of metric;!quantities.. __ 

',' ., ', '. ,. I 
To ease,,the .'wine.and distilled spirits industries?'re- 

cordkeeping burden, the Secretary should review th.e,Bureau's 
statistical reporting requirements and convert them to met- 
ric when: .appropri,atei> .‘. ‘-> .i (: lf . . ” ,,..i. ._ ;.s .; .,‘,:’ 

” - : t ? : 
The: Secretary,should also,;expand its public awareness,.' 

program, to better infor'm consumers ,about th:e size, .and p,rice : 
changes being made-.to winesand distilled,spirits. ,; 

.j .) i., 
The Secra-t'ary sho'uld require.,the Director , Bure-au of : 

Alcohol, Tobacco and Firearms, to reevaluate ther.;metric-. 
container sizes adopted for distilled spirits. Specific con- 
sideration should be give.n to ,replacing'the. 1.:75-lite,r and 
the, 2~0O-;inilliliter~~ sizes for disti~lled spirits, wit,h sizes 
which would :facili.tate price comparis,ons consistent with, 
consumer needs. .._ ,I' ..' . 1',.., 

- .  , .  . -  

AGENCY-.COMME-NTS AND' OUR EVALUATION 
, .  , I .  

; ; 
On J'uly 6; 1.978, we mettiith Department officials regard- 

ing our proposed recommendations. They,.agreed that eventually 
wine and distilled spirits tax bases will,need .to be converted 
to metric, but they b,elieved there is no immediate need .to re- 
vise the Internal Revenue Code. They pointed out th.at although 
wines and distilled spirits are sold in metric size containers 
and tax collections are based on gallons, the Department has 
not experienced any additional difficulties in collecting tax 
revenues. Furthermore, they believed that although the wine 
and distilled spirits industries may be experiencing some in- 
conveniences in converting between the two systems; their 
problems are probably not too d-ifficult to handle. 

Department officials generally agreed that the statisti- 
cal reporting requirements should be converted to metric when 
appropriate. They believed that converting reports to metric 
is feasible over time. 

Recordkeeping by the industry and th.e Government is re- 
lated to the tax rate imposed through the Internal Revenue 
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Code. As long as differences exist, 
convert between the two systems. 

there iwill. be n,eed -to 

should, 
We lbelieve the“Department 

after considering its needs and the problems of the 
wine and.distilled ,spirits.industries,...:reque:st that the Con- 
gressamend'the! Internal) Revenue Cod.e to.'tax*wines and dis-.- 
tilled spirits .on the basis 'o'f metric quan.tit-ies when such 
change. would. be to the- advantage of those involved. 

“‘. , (  

The officials agreed with,'our recommendationabout the 
need to expand the,Department's public.;,awareness'.programs con- 
cerning the size and price changes that have ,occurred. The 
Department .plans to look into.ways to-expand its public aware- 
ness.activities. j.‘". ., j" ,: ) a , 

. .., 3.: .' '. ., 3 : '- ,' : __ - 
Department officials, however, were concerned, about.the 

impact of our recommendation that a reevaluation be made of 
the 200-milliliter and l-.,75-liter sizes used..:for distilled 
spir'its w -They believed -it would..be diff,icult to, change .the .: 
regulations concerning"the metric sizes .used a,nd the industry 
would oppose further changes. They believed also that an ex- 
panded public awareness:program-would help allev-iate the prob- 
lems con.sumers may ,'have. <:! I. . . ' 

. : 
One of the objectives sought by-converting to metric : 

sizes ,:was .to,,prov,ide':,consumers with sizes which wouldo,allow 
easier value comparisonsto be. made. However, the 200- 
milliliter and 1.75-liter sizes do not permit this ease of, 

I 
I 

value comparison. In fact, these sizes make value compari- 
sons more difficult than some of.the customary si,zesthat 
were in use before the convers'ion. While an expanded public r 
awareness program may alert consumers to existing problems and E 

"attempt to aid .them.in:making value comparisons, the,present 
E 
r 

difficulties will continue because the- sizes are not all in 
multiples of one another or in'size series-which prov.ide for 
ease: of comparisons. 

.: 

1 

c 
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, (  CHAPTER 27 1 .' : .,, ., .; 
GENERAL PUBLIC:,AND CONSUMER PRODUCTS WILL BE AFFECTED 

.,-' :. . 4 
Consumer reaction to metrication is .a majqr force in 

determining whether conversion can be successful. Recent 
experiences in Australia, Canada, and.the United Kingdom have 
shown that.,ifconversion of some-consumer products is not 
handled properly, adverse consumerreaction will result. Yet, 
these countries have reported that when consumers view metri- 
cation .as ,not:;being harmful to their interestsg.conversion 
becomes-a "non-event." " ., I _~ .x .' ,, 

Many consumers in the United States are probably unaware 
of the changes already made. As conversions are made, consum- 
ers must-be kept"fully:,informed of what is taking place;why 
the changes ar-e being made, ,who benefits, who pays, and how 
it will affect-them. 

Metrication would have an impact on consumers in many. 
and varied ways. It is a trade-off of possible benefits and 
improvements versus?the risk of no,benefits and inconveniencea 
and costs. 

Consumer benefits are not automatic. .,Changing to metric 
does not necessarily reduce the number of package sizes or 
make the sizes used more ,understandable to consumers. Without 
proper planning, consumer benefits may not,be obtained. In 
fact, it is possible that some,,of the benefits consumers have 
obtained over the years, such,as.the availability of certain 
products in easily understandable package sizes that facili- 
tate price comparisons between sizes, could be lost in the 
conversion ,process. .- 

.Conver.sion to the.metric system would involve a, lot more 
than.learning new words to describe measurements. It'would 
involve changing the sizes of many of the items we use in our 
everyday lives, such as converting soft drinks from quarts to 
liters-- an increase of about 6'percent. Many me,tric product 
sizes,may not be too different from those consumers are now 
accustomed to, but consumers would need to learn how much each 
new measure is, how to relate the new sizes to the ones they 
now use, and how to determine which product sizes represent 
the good value. i 

Conversion to the metric system would have an impact on 
many activities in the day-to-day lives of consumers: Listed 
below are some of the changes that could occur if the metric 
system became the predominant measurement system. 
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--Milk and other beverages now.sold in pints, quarts, 
l/2 gallons, 

_ ., 
and gallons could be sold in 500- 

milliliteri liter, 2-liter, and 4Aliter'quantities; 
amounts which are about 6 percent larger than those 
currently‘in use. .' i '- (I .$ .,' 

, 
--Clothing labels that now show sizes in inches and nu- 

.merical.size codes might show critical body measure- 
ments in-centimeters. . , 

.I,.. : .: : : 
--Meats and: other -products now:sold byithe .ounce.and :' .' 

pound would be sold by the gram and kiI:og,ram. :There.* 
are about 28 grams in an ounce and 1,000 grams in a 

,.' 1, .,kilogram.' .) \_ .jl, '. 
,, I,' ..:' '. 

: ,--Travel distances would, be measured:bp:kilometers .rather 
than-miles, .and.driving speeds:wouJd be measured in " 
kilometers per hour rather than miles per.hour; There 
are about 1.6 kilometers in a mile. 

--Fuel economy'might'be.described in 1iters:per 10; kilo- 
-meters rather thanmiles per gallon.- " '. ,' 

--Sporting events now measured by the foot and yard would 
be measured by themeter. ,A meter is about.10 percent 
longer thana yard;~' ,_ 

, .; : 
--Ca,rpets now sold by the square yard would be so&d by,: ; 

the.square meter.; Consumers would need to learn that 
a square meter ,is about 20.:percent larger than a square 
yard. . . 

I 
--Thermometers and thermostats would show temperatures" 

in degrees Celsius instead of Fahrenheit. People would 
need to learn ,that a day with,a 20-degree temperature 
is very pleasant and that water freezes at 0 degrees 
Celsius. 

--Persons on diets would count their, food intake in 
joules instead of calories., Each calorie is about 4.2 
joules. j 

--Certa-in tools, such as wrenches and measuring devices, 
would need to show metric quantities. But customary 
tools would be needed on old items until they wear out. 

, 
--Cooks would prepare food using recipes with metric 

terms. New measuring devices would be needed. ;.:The 
cup would become 'a 250-milliliter measure. ;:. 
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--Fabric would be sold in meter .len.gths,,,:instead of b.y,: 
the yard, and the widths would be described' in cenei-, 
meters instead of inches. 

.: ,<.L 
.In- carrying out. our study, we discussed metr'ication::with 

officials atgroce'ry products, clothing, and'container%-;indus- 
try associations;-, retail stores;: grocery products, clothing,, 
and container manufacturing companies; and: government agen' I 
ties. We also discussed the impact of metrication with repre- 
sentatives,involved with sports. 
polling service conduct a poll, 

We.had a public opinion 
and we sent questionnaires 

to large companies in the-.foodIindustry. .'Pertinentdocuments 
we're also reviewed. 1 Y : ! '..' ,. I " _i 

._‘. .A ; : 1: 

CONSUMER VIEWS--LITTLE UNDERSTANDING 
OF THE METRIC SYSTEM'. ,.. -. :: I ::..,.. .- 

, ,I : //' : ., .;, _.,, 1,. .I'.. 
Weiihad the Opinion Research Corporation, a public opinion 

polling service, conduct a survey of a representative sample 
of the adult populationliving in the United::;StatesLto;~:deter- 
mine consumer views on the metric system. ,O@inion Research 
interviewed 2,109 men and women, 18 years of age and over, 
living in private :households in the continental-United:States. 

The persons interviewed represented 42 percent of the 
persons'opinion Research attempted to contact. Opinion 'Re- 
search compen,sated for not being able to contact everyone by 
using weig,hting techniques which it believed permits using the 
survey as representative of the entire U.S. adult population. 
Interviews for the survey.were:coriducted between July 9, and 
August 8; 1977.. -' '(' . . -, : ‘.. : '., I .,,, 

The,'.survey showed that 
', .' y. :".' 

: I~ ) .) : .' ;- :. T .:, ly.!< ,': ': 
. ; . . " ,, ', > $ 

--fewer than one person in five was awarelof, our:national 
I policy, j ., ', , _,' . i i 1 

.i ,. r: _. , 1:. ,.',,. I:. 
--more persons believed the -Federal Gouernment.was,'doing 

., more,to increase the use of the metric system,thanany 
.other groupl :' 'i 1.. ,' .,' 

T,, .‘ 
--few persons had sufficient understanding of common 

metric terms, and .. . , (. ,... j ,-,. : 
--over half the persons were opposed to metric conversion 

and,almost,half believed they would not benefit'if the 
United,States converts. 
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Few persons were awareof actions 
taken.by the,Federal Government 

Few persons were aware that the Federal Government had 
passed a law enc0uraging.a voluntary conversion to..the met- 
ric system: Opinion Research. asked what each-person thought 
the Federal Government had done about the metric system. The 
overall responses were as follows. 

I 
,:', Response Percent 

.i ., i : ,, . :,, ," 
:Passed a law requiring the,United States 

to convert to the metric system in the 
-near future 

: 
23 

Passed a law encouraging voluntary conver- 
sion to the metric system in the near .., 

future i ,' : .,18, 
'/', ', 

sYPassed.a law'prohibiting U.S . conversion j 
,a 'to the metric system :, >2 ..I 

.Hasn':tpassed any,law one way or another 
about the metric system 27 

', .' * 
i,'Don' t know I- ,., ' '30 
;i,, / A '; 

i 

:. : / , , I :. Total ,', .' ,100 
II - 
Further analysis of the overail responses showed that '. 

awareness that the current Federal position is to encourage 
conversion on a voluntary basis was highest (32 percent) 
among male adults between ages 18 and'29. Among respondents 
who had an executive, professional, or managerial occupation, 
32.:percent,believed that a law had been passed requiring the 
United States to convert to the metric system. This-.indicates 
that persons in the more influential job positions might take 
actions-.to move ,the Nation toward conversion simply-because 
they.believe. it is required. Awareness of what the Government 
has done was lower among persons who are older,~have lower 
incomes, live in the South, or are nonwhite. , . 
Views differ on who is encouraging 4 increased use of the metric system 

,, 
As:shown'in.the diagram below, more.persons (26 iercent) 

believed that the Federal Government was doing more to in- 
crease metrication in the United States than'business, unions, 
educators, foreign businesses and governments, and consumer 
groups. The announcement by the Federal Highway Administra- 
tion before the survey that it planned to have highway speed 
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signs converted to metric by the end of 1978 and:the', 
subsequent withdrawal of that proposal (see ch. 1-O) may have 
contributed to this response. 

.., ._ ,, 

PERCENT 
40 

30 

PERCENT 
40 

30 

Few persons were familiar with metric' terms 

Few persons had sufficient understanding of the terms 
meter., liter, gram, and degree Celsius --terms that would be 
in common use in a metric s.ociety-- to 
mate values. 

identify their approxi- 
Opinion Research asked each person the following 

questions to determine the amount of public understanding of 
common metric terms. 

--If you purchased a liter o.f milk, would you receive-, 
about a glassful, pint, quart, half gallon, gallon, 
or d:on't you know? 

--If the temperature outside is 20 degrees Celsius; would 
the weather be cold, requiring you to wear a heavy 
coat; be chilly requiring you to wear a light jacket; 
be comfortable, so that you would not have to wear any 
outer garment; 
know? 

be hot, good for swimming; or don't you 

--If you purchased 500 grams of luncheon meat, would you 
receive about l/4 pound, l/2 pound, 3/4 pound, 1 pound, 
2 pounds, or don't you know? 
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--If you purchased a meter of cloth, would you receive 
about 1 inch, 6 inches, 1 foot, 1 yard, or don't you 
know? 

The correct responses to these questions were 

--a liter of milk is about a quart, 

--a' temperature of 20 deqrees Celsius"-would be comfort- 
able so that a person would not have to wear any 
0ute.r garment, 

: --SO0 grams‘of luncheon .meat is about 1 pound;: and 

--almeter of-cloth is about 1 yard. . 

The number of correct responses to the,above questions 
was as follows. 

.Number. questions Percent of 
answered correctly responses 

All four 4. 

Three 12 

Two 15 

One '19 

None 50 1 

Total 100 i; 
-. 

More.persons responded that they did not know the answer than ' 
any of the other responses. However, among the persons.,who 
gave answers, overall more gave the correct answers than in- 
correct answers, as follows. 

Measurement term 
Percent response given 

Correct Incorrect 
asked about Don't know answer answer 

Liter 47 32 21 

'Degree Celsius 49 24 27 

Gra.m 67 12 21 

Meter 54 37 9 
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Opinion Research!s survey showed that men between the 
ages of 18 and 29; college graduates;- heads.of households who 
were in,an'executive,-managerial, or professional occupation; 
persons whose annual income was $2,5;000 or more; and persons 
who had lived in a foreign country that used the metric system 
had a better knowledge of the.common-terms than other people', 
did. Among women, those who were employed had a higher metric 
awareness than housewives. 

r 
Lowest awareness-of the common metric terms occurred 

among persons who lived 'in the South, were old,er, and were 
nonwhite. 

: 
Views 'on common items 'that would change- 
if metric 'conversion occurs -.,. 

Awareness of several items that would or would not change 
was higher than for the understanding of specific measurement 
terms.' We asked each person,if the following common items-- 
recipes, clothing sizes, ,wrenches;telephone numbers, and 
beverage container sizes-- would be changed if the Un.ited 
States converts to the metric system. 

Over one-fourth of the persons did not know whether any 
items wouldchange, but among the 74 percent that responded, 
most were aware of what would happen to these items.. Awareness 
was higher by men than women as shown in the following diagram. 
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It may be that awareness of changes.in beverage container 
sizes was higher because of the conversions that.have been 
made in the soft drink, wine, and distilled,spirits.,industries 
(see.ch. 26)., bow awareness, of changes to.po.ssible,clothing 
sizes may be due to th.e fact that few clothes show.metric mea- 
surements.on the labels and, many clo,thing labels, particularly 
those forwomen>'s and children's clothing, show numerical size 
codes rather than measurements. 

A majority opposed converting 
to the metric system 

Fifty-eight percent of the persons interviewed were op-" 
posed to the United State~s conver,ting to,the,metric system; 
43 percent described themselves as' being st'rongly,opposed to' 
converting. Twenty-eight percent said they favored conver- 
sion, and 14 percent did not voice, an opinion. -. 

Support and opposition on converting. varied by age 
group-s. Support diminished and opposition. increased in older 
age groups as shown below. 

Views on con- -----.-a Ages ----------..---- 
vertinq to the ', 60 and, ,,, j 

metfic system 18 to 29 30 to 44 45 to- 59 above Overall --- --- --- --- 4. 
: 

Support 

------,L,,,---------(p,rcent)-------------------- 

41 31 20 14 28 i 
Oppose 46 58 ,66 6 4. 5,8 i 

.' No opinion 13 il i4 22 14 I --- -- -- 

Total 100 100 ioo loo 100 --- z - -.- v 
1 

But, while support diminishes in older age groups, it 
increases with the education level. Support was highest 
among college graduatesl- 55 pe,rcent favored converting.,. But 
among persons with a high school education or less, 65,percent 
were opposed to converting. 
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Views on con- Educational level 
verting to the Less than High school Some College 

metric system high school graduate college graduate 

----------------(percent)--------------------- 

Support 10 26 46 55 

Oppose ,: 
No opinion-. ; 

67 63 : ,: 45 " 3.8 
,.' ., I 

2.3 

Total 

Views on metric conversion varied by‘the,occupatiod%f 
the head .of the household. Persons in jobs with higher skill 
requirements favored'conversion to a much greater extent than 
those with lower skill jobs or who were retired. 

3. I---- 
Views on con- 

Occupation of head of household Execu t ~---,---------- ----------- ~--._----- - --. -. 
Blue collar 

verting to the professional, White 
----- 

SemF 
metric system Ski.lled unskilled. Re,tired -- or managerial 'collar --, .,, " -I_-- .-- ----- .,_ 

'(perce'nt)‘----------,-1- _---. &---- ------------------------ 

SUppOrt ” I’ ” 46 : 3’8 .’ ‘27 17 :. ‘,: 15 
.,: 

Oppose *7 ‘, 52 63 i 64 6? 

No opinion 7 10 16 )' " 19 21 -- -- -- 

Total ldo,;, 100 .l 0 0 100 ':I :i, 100 -_-. E -- -- t - -- 
I ,' 

I / " :: 
:, 

Almost half the persons int,erviewed bel.ieved they‘would 
not benefit, by 'the United States converting to the metric 
system. Also, half the persons believed that converting,would 
cost them money. Persons' views on whether they would benefit 
or not were as follows. 

. .' / ;. 
_~ 

1 ,:. 
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BENEFiT AT SOME COST * 

-:/. 

NO BENEFIT 
AND NO COST- 

Other pollssshow public opposition : 
to converting to the metric system 

Other polling organizaton's have also.conducted polls on 
the public"s views toward the metric system. These polls have 
generally found that more people oppose than support convert- 
ing to the metric sy,stem. 

.-. 
For example, in-November 1977 the Gallup Organization, 

Inc., reported that public awareness of the metric system had 
increased during recent years but that support for converting 
had decreased during 1977. Gallup reported in November 1977 
that 74 percent of the public was aware of the metric system's 
existence. In.1965, when Gallup fir,st asked the public about 
the metric system, only'29 percent were aware of it. By 1971 
the amount had grown to 44 percent: by 1973, 54 percent; and 
by.January 1977,'74 percent. 

In 1973 Gallup found that 16 percent of the public 
supported conversion, and in January 1977 it found that 29 
percent of the public supported conversion. However, in 
November 1977 Gallup reported that this support had dropped 
to 24 percent. 
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GROCERY PRODUCTS--FEW CONVERSIONS, 
BUT SOME PLANS 

About,80 p ercent of-the,labels on prepackaged:grocery 
products show+metric equivalents: that:is, they show both the 
customary quantities, such as 1 pound', and the metric-quanti- 
ty, such as 454 grams.,; One producer told us the practice 
began over 10 years ago because the labels for exported items 
were changed to show metric quantities. The practice has in- 
cr.eased during recent years so that it is now a common prac- 
tic'e to show me:tric.equivalents.even though the product is.not 
exported. We did not identify any consume.r reaction to;the. 
inclusion of metric equivalents:on'groce,ry product. packages. 

'Very few.products other thanbeverages .(see ch. 26) have 
been converted into round metric quant,ities, such ,as 1 liter 
or 1 kilogram. The grocery products industry saw few benefits 
in changing container sizes. It has been reluctant to make 
changes because of la,beling requirement's in the Fair. Packaging 
and Labeling .Act, and the industry feared there would ,be ad- 
verse consumer reaction. . . 

There appears to be no incentive for the grocery‘products 
industry to convert its products to metric sizes. Several 
major producers in the industry, however,'have looked, into it 
because they view metrication as inevitable. Also, several 
industry trade associations have conducted studies on metrica- 
tion. 

Some consumer advocates view conversion of food and other 
products sold in grocery stores as providing, an oppor-tunity 
for establishing sizes that will make p.rice comparisons 
easier. Some believe that metric terms will be more easily 
understandable to consumers because they are based on's decimal 
system. 

..' 
Whether the objectives sought by consumer advocates can 

be achieved will depend on (1) producers' ability to.change 
the container sizes, (2) their willingness to abandon tradi- 
tional sizes and marketing techniques, (3) their co.sts, (4) 
government requirements, and (5) pressure received from Gov- 
ernment agencies and consumers to make changes. 

Packaqinq affects conversion flexibility 

Converting to rational package- sizes appears unattain- 
able for many products'because some containers used for gro- 
cery products cannot be easily changed. For example, cans 
are used for many products. Some standard,cansizes are used 
for more than one product. The weights of the contents vary 
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because of the different densities of items placed in the 
cans. 

At our request* the Can Manufacturers Institute, .a trade 
association of 56'metal can manufacturing companies that make 
90. percent of the.domestic cans, surveyed its- membership about 
their views on:converting to the metric system. Twenty com- 
panies responded. ," 

,.; 
Although.the number responding ,was not. significant enough 

to provide a basis'%on which to estimate,the.viewsof.the en- 
tire can manufacturing industry, we believe the.responses pro- 
vide'an.indication of how metric conversion would affect the 
industry. We had no basis on which to judge the extent to 
which the views of those who, responded d.iffered,.from other 
producers in the industry6 

: .,.' 
: Nine companies believed that changing to the -metric sys- 

.,tem was d-esirable, eight:thought converting was~not desirable, 
and, three sa.id that .it mightbe desirable. ,Companies. cited, 
the following advantages: 

--Standardization within the industry. 

--Ease in arithmetic determinat,ions. 

,--If fewer sizes are required, there potentially may be 
a lower per item cost to the consumer due to longer 
production runs and fewer inventory items. 

--Greatest advantage noted would be to facilitate par- 
ticipation in world markets. 

--Easier product comparison by the consumer. 

The companies cited the following disadvantages: 

~--Overwhelming cost with no corresponding increase in 
profit. 

--The writeoff of usable supplies and tooling. 

--Retraining cost and employee/customer acceptance. 

Eighteen companies believed that conversion was inevit- 
able. One said that conversion was not inevitable, and one 
said that conversion may be inevitable. 

Most companies (13) favored voluntary conversion to the 
metric system as currently provided in the Metric Conversion 
Act of 1975. But five favored a mandatory conversion, one 

E 
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thought it totally unnecessary to convert, and one was : 
undecided on whether conversion should be mandatory or volun- 
tary.; 

*The companies anticipated that products historically sold 
in round customary units would be converted to round metric 
quantities. For example, cans of coffee~:have historically 
been sold by the pound. These cans would.be hard converted 
to 500 grams--an increase of tabout 10 percent. 

Companies.anticipated that can sizes will not be changed 
for produ,cts, su,ch as most fruitsi vegetables, and liquid 
drinks, which have historically been sold ,by the can. For ,. 
example, cans of corn (normally 16-l/2 ounces), peaches (ap- 

-proximately.18 ounces), or large fruit drinks (46 ounces) 
would not be changed. The c.ompanies believed that‘ because 
the products are not sold in round customary units, .there is 
no justification for. attempting to convert th,em to round met- 
r,ic units.. Furth.er, becavse produc..t densities frequently vary 
from packer to packer or from one vegetajble to another,: there 
would be no way to develop container sizes that would hold a- 
round metric product amount without vastly increasing the 
number of metal container package.sizes. 

Companies believed that chanqes in can heights would be 
easier to make than in the diameters because costs would be 
lower. In making metric conversions in Canada, food producers 
did not anticipate changing can sizes when the costs would be 
too high. 

i 

Many glass jars are specifically developed for individual 
products. New glass molds are required from time to time. If 
required to convert, metric glass molds could be built as cus- 
tomary molds wear out to minimize waste. However, coordina- 
tion among producersneeding glass molds would be necessary to 
prevent strains on the glass industry's mold making capacity., 

In Canada we were told that conve,rsions of dry cereal 
products were limited because the cereal industry found it 
would be much less costly to convert if it did not have to 
change the sizes of the boxes. Conversion was accomplished 
by changing the.amount of cereal placed in the boxes to met- 
ric quantities in 25-gram increments. But, it was not always 
possible to develop package size series that consumers could 
easily use to make price comparisons. F7e were told by the 
Cereal Institute that no cereals sold in the United States 
have been converted to round metric quantities. 
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Major food producers' views on metrication '/ 

Of the large corporations we sent questionnaires to (see 
ch. 5), 69 were listed as being in the food industry: We 
received usabLe responses from 47'of.them. I: :.: 

Most of them a#ppear.ed to understand the current national 
policy, believed .metric conversion is inevitable, and suppor- 
ted metric conversion even though they believ'ed,that for their 
industry the disadvantages outweighed the advantages. They 
had made few plans to convert. Food .corporatfons:appeared not 
very measurement sensitive, and most said.they could convert" 
in a reasonable time'frame. c I. - .: 

Sixty-si,xl percent of. the corporations w;ere awa'r'e t;hat the 
current national'pol.icv' is for. Federal coordina'tion and pl,an- 
ning voluntary conversion to the metric.system. But, 13 per.- 
cent believed that consversion was mandatory. ,The others be-> 
lieved ,there was no n,ation.al policy and'no provision for con- 
verting or replied tha.t they did not know what the national 
policy is,. . 

,. 
Although most corporations in the food industry supported 

conversion to the metric system, support was not strong. 

, 
., 

STRONGiY OPPOSE 

son 
OPF --- 
SOMEWHAT 

NO BASIS 

STRdNGLY 
SUPPOR’T 

SOMEWHAT 
SUPPORT 
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Most beli,eved conversion was inev,itable 
8 ~. ;.,,. I 

Almost 80 /percent of 'the co,rporation.s also believed it 
was inevitable that the food industry would conver-t to the 
metric system. Their responses to the question, "Does your 
company believe tha't;conversion to the-metric system,:is in- 
evitable -for your industry?" were as follows. 

,, 1 

_. ., 
,,_. . . 

/' 

DEFI,NITELY YES 

; ,, ‘,’ . . 
/, ; 

We subsequently asked the corporations that believed con- 
version was(inevitab,le why they believed ,this was true; :“‘Among 
the reasons give,n.were: 

--Growing participation in world markets makes it impor- 
tant to use a common measurement language. 

--The metric system is easier to use, and support will 
grow for its use because of the benef,its of simplicity, 
accuracy, and standardization. 

--Technology in the food industry--use of computerized 
checkout counters and inventory controls, unit pric- 
ing, and nutritional labeling--is facilitated by use 
of units expressed metrically. 

--The dual labeling (showing of both customary quanti- 
ties and their metric equivalents), which has occurred 
in the food industry, is a recognition of the inevit- 
ability of converting. 
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--Society cannot successfully us'e t,wo meas~urement' 
systems. It is logical for the United States to use 
the metric system because,the world;.willj no,t adopt 
ours. . 

.' I.,, 
--The Government has provided for: establishment ofia,:U.S. 

Metric Board. Events in Canada indicate tha,t once'a. 
Board is established, conversion timetables will be 
established. 

Metrication would not increase‘exports 

Metrication was not expected'to increase the exports of 
98 percent of the companies. They, considered having compet- 
itive prices, high quality products, and a good reputation 
and-reliability the most important factors in promoting 
their exports. But 9 percent of"the corporations believed 
that imports to the Uriited States'by their:overseas'com- 
petitors would increase,,slightly if the United 'States con- 
verted to metric. 

The measurement system used was not considered a signifi- 
cant factor in influencing industry exports. Whether products 
are in customary or metric measure seemed to have;little bear- 
ing on industry views toward exports. 

Disadvantages outweigh advantages 

Most were of the opinion that individually the disadvan- 
tages of converting to the metric system outweighed the ad- 
vantages. Yet, they believed that for the United States 
overall, advantages would o,utweigh the disadpantages. Their 
responses on the ,advantag,es of convertingto. the metric sys-. 
tern versus the disadvantages were as follows. 
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Perceived impact 
. 

Percent 
For the For= 

corporation U.S. I 
Advantages significantly 

outweigh disadvantages 6 26 

Advantages slightly 
.outweigh disadvantages 15 34 I' 

Advantages about equal '. / ,. 
disadvantages 19 11 ', 

Disadvantages slightly' I 

outweigh advantages 28 8- . 
Disadvantages significantly 

outweigh advantages 26 8 

No basis to judge 6 13 

Total 100 " 100 C 

Sixty-two percent of the corporations believed convert- 
ing to metric would have little or no impact on their product 
prices.~ Twenty-eight percent.expected some ,increases in prod- 
uct prices. Only 2 percent (1 respondent) believed that major 
price increases would occur. Four percent (two respondents) 
said they had no basis to ,judge the impact on prices. 

,' 
Most respondents believed the principal role of the' Fed- 

era1 Government should be to coordinate conversion activities 
and counsel and advise interested parties. . . 

Fifty-two percent of the companies believed-it would take 
between 5 and 10 years for them to convert to the metric sys- 
tem. Most compan.ies believed that if the United States con- 
verts to. the metric system, ,the conversion dates should be 
established by industry associations and individual firms. 

Food recipes 

Metrication will mean developing new food recipes. Peo- 
ple who cook will have to learn new terms. It is not expected 
that food ingredients will need to be weighed when cooking 
with metric recipes. 

Some new measuring utensils will be needed at a cost of 
several dollars in order to use metric recipes; however, there 
would be no need to purchase new pots, pans;appliances, 
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cookie sheets, and many other items. If conversion occurs, 
all items will eventually show metric quantities. 

' : ., ,;. ! !‘ _). 
Continued use of old measuring devices--and recipes is 

expected to be encouraged. Because -recipe,s canno.t ,be easily 
soft Converted, it is expected that many .persons:-willcontinue 
to use customary recipes for many years. Experts say that 
before recipes can be converted,.they needto be retested be- 
cause ,the soft conversions of some customary quan,tities do not 
appear on metric measuring devices. Metric recipes will con- 
tain slight variations of existing contents.,.. . 

I 

It can be expected that a certain amount'of'confusion 
may occur if metric recipes are introduce,d, To.:use these,. 
recipes, cooks would ,need.to learn to measure ,liqu,id..:and dry 
ingredients by the milliliter instead of by the cup or frac- 
tions of a cup. They would also need to u,nderstand C,el..sius 
temperatures and how to convert temper.,a$ures if .their,ovens 
are not metric. 

Coordination between food producers and 'recipe.'develop- 
ers would be needed:.Some food products, such as pac,kaqes'of 
yeast and chocolate squares, are made in quantities us.able in 
recipes. Some recipes require use of commonly used quantities 
of p,roducts', such, as. a _s.tick of ,butt.e.r :(1/4:: pound.),.. P'ersons 
would need to lea'rn,.to make adjustments, if si,gnif.icant changes 
a;re made- to package,quantities:the-y are .familiar.with. '. 

,. , ' 
~ Converting to metric- recipes would ;not make, food"taste 

better. Jlowever., some home economists claim that metric rec- 
ipes would be easier for cooks to use because fractions are 
eliminated. .,': \, 

- .  .  

Unit pricing would still be needed 
:  

‘ 

Unit pricing,, a consumer service first offered insuper- 
m~arkets over 5 yearsago, isa method of pricing pro.ducts 
that lets consumers compare product.prices in common units, 
such as'pounds, ounces, quarts,.or pints. A gl,ance- at a unit 
price display..usually located directly unde-r each food.product 
display, can show a consumer which size is the more economical 
buy r regardless of the variety of sizes on the shelves. 

Unit pricing enab1e.s consumers to compare. prices without 
having to make complicated.mathematical calculations. Studies 
have shown' that if presented'.effectively, unit pricing can 
significantly reduce price comparison errors by consumers. 
The unit pricing labels shown on the following page, provide 
an example of the comparisons consumers can make. 
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‘. !  , -  ,  :’ I , . ,  

The retail lrand and 
price lame of 
YOU Pay Iem 

OU PA’ 1, 
Compare on Value 
To compare costs of a product in different sizes or 
brands, just look at the price on the unit price side 
of the label . then compare that unit price /,. 

Number of 
Commodity packages against another, checking price 6er measure, -. 
code per case brand to brand. size to size. 

Nine States have uni.t pricing"regulati'ons. 
such as C,hicago; also, require unit pricing. 

Some cities, 
There are no' ' 

Federal laws or regulat,ions concerning'unit pric'i.ng. " 

Where unit pricing is‘used ', ',.", , consumers can compare .; ,: 
--price'per pound 'for items; such as rice, which'are' 

sold by weight; '. .' 

--price per quart for items, such as,juice;.which are 
sold. by liquid measure; /. 

--price per 100 count for items, such as napkins, whi,ch 
are sold by number; and 

--price per 100 square feet for items, such as aluminum 
foil, which,are sold by length. 

Metric convers'ion will not end the need for unit sricing 
in supermarkets. Even if metric size series are selected that 
make price comparisons easy for consumers, not all products 
will be converted to these sizes. There will still be prod- 
ucts, such as those sold in cans, which may not be easily 
converted into quantities different or more understandable 
than those currently in use: 
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Conversion to metric would require the establishment of i 

new units of comparison. In Canada, for example, items sold 
in units of volume now use 100 milliliters as the metric unit 
of comparison. For items sold by weight, the unit of compari- 
son is 100 grams. Some bulk sale items, such as sugar, flour, 
and dry pet foods, are unit priced by the kilogram. Unit 
pricing. wasalso revised to use the square meter as the unit 
of comparison for items such as aluminum foil, the meter for 
paper;towelsc and the.liter for powdered laundry detergents 
and large packages of ice cream. 

:Care would need ,to be,,taken to ensure that stores do not 
inte?kmingle customary“and metric units of comparison. In 
Canada certain supermarkets converted the unit price labels 
for .in,cJividual products at the time the products themselves. 
were':' converted. Thisresulted in some products in a store 
having unit pr'ice labels in customary units, whileother pro- 
ducts had their unit price labels in metric units.;'Y$When this 
happened, consumerswere not only faced with,new a:n& ,different 
package sizesand measurement terms on package labels, but 
could:not use unit pr.icing,to determine which products were 
of better value. 

Conversion could be used 
to improve package.sizes 

!i 
Under the Fair Packaging and Labeling Act (80 Stat. 1296, 

15 U.S.C. 1451), the National Bur;eau:of Standards has estab- 
lished 50 voluntary package .quantity,standards l/ for foods 
and other cons'umer products. These standards may have helped 
to reduce.the number.of product sizes in .the.ma,r.ketplace. 
However, more improvement is needed: Metric conversion could 
be used as an oppo.rtunity to make,,desirable changes.,, 

Under the act, NBS is to determine whether the reasonable 
ability,of consume,rs,to make value comparisonsof,packaged 
consumer commodities is impaired by the undue prol~iferation 
of the weights, measures, or quantities in which the commodi- 
ties are offered for sale at the retail level. 

NBS is responsible for eliminating undue proliferation 
of package sizes. To accomplish this, voluntary product and 
package quantity standards have been developed. The Secretary 
of Commerce may recommend to the Congress that regulatory au- 
thority be legislated when industry members do not participate 

L/Standards are criteria established by Government or indus- 
try bodies to provide rules or measures of quantity, qual- 
ity, weight, extent, or value on products or services. 
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in dev:eloping vqluntary product s.tandards or ~they do not 
adhere to the ,voluntar,y standards.that have been devel.oped. 

,' ; 
NBS .is also to ,.promote:.nationwid.e u'nifo.rm'ity in, the..la-: 

beling of consumer products to facilitate the exercise of good 
judgment, by consumers in ,the marketplace. It has requirements 
that producers must ,follow ..when labeling their .products.--' 

'; 
A large number o.f sizes are still permitted for many, 

products which..do,xnot 'always pr,ovide-consumers ease of ,price 
comparisons. Also,:,producersdo'not always comply. with the. 
voluntary size r-ecommended. NBS has never r~ecommend.ed, :that.~, 
the- Congres.s legislate. sizes;for products.that'do not ,adhere 
to the sizes that have been- established. _,/ .: I.,_ 

,Metrication could ,be u,sed as an opportunity to, f,ur:ther 
improve the current p,ackage sizes by--converting :products into 
logical size series that, would ,make ,price comparisonseasy 1 
between sizes and between various manufactur.ers' ,products;:- 
Whether improvements would be realized is largely dependent 
on,industry,willingness and .abilityto ad,j,ust package sizes. 
Cooperation would beeneeded between. the ind.ustries .in,volved 
and th,e -Federal !and State government agencies that,regulate: 
package sizes. 1 : ',t .I 

For .example ,,NBS.would need-to amend. the voluntary size 
standards thatar,e used for items,.such:as toothpaste,..frozen 
vegetables,, soft drinks, and soaos. But States wou'ld need to 
amend the size requirements for items such as mi-lk and beer, 

Metrication, however,, is..not e,ssential to ac.hieve ra- 
tional package sizing. .Rational package 'sizes can be estab- 
lished using customar,y quantities. Pr,oducts;. such as ;flour, 
bre,ad:, and butter,, are sold in many States in rational sizes 
established by State laws and reg.ulations. 

-If package sizes ar.e converted to metric sizes where ra- 
tional sizes are not now in use, ,the changes should -be used 
to benefit consumers and the industries involved. For ex- 
ample, NBS has:established a voluntary size standard for 
toothpaste. Under the,:standard, producers should be using 
five customary siz,,es-,- 1.5, 3, 5, 7, and.9 ounces. According 
to NBS,, toothpaste was sold in 57 sizes before the size stand- 
ard.was established in April 1971. 

A limited 19.73 NBS survey showed that 13 sizes were being 
sold. At one supermarket in, the Was.hington,,D.C., area we 
observed in August 1977 that toothpaste was being sold in 10 
sizes. Only three of the standard sizes were among them. At 
another supermarket-we observed sin November 1977,~ that too.th- 
paste was being sold in the 5 standard~sizes plus 13 others-- 
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2.1, 2.6,. 2.7,,2.8, 4.0, 4.25, .4.3, '4.5, 4.6, 6.0/'6..4.!; 6.5, 
and,8.2 ounces. In the absence of unit pricing,.:it could 
still be difficult for consumers to make price comparisons 
between many of the sizes available for sale. 

,i, .. 
The 5 standard toothpaste sizes established by NBS, if 

used, would repres'ent an improvement over'the 57 sizes that. 
were used before. But the standard sizes established by 
NBS do not make price comparisons as easy asif the sizes 
were in multiples of one another or .in a numbering‘,series 
which can easily be'co'mpared-with one another. Furthermore, 
in view of the large number of sizes still in use and%:the odd 
weights in which toothpaste is being sold, industry compliance 
with the standard cannot be con'siidered a total success. 

NBS has not been, totally successful in establishing pack- 
.age size's for toothpaste and 'obtaining industry compliance 
with the voluntary size'standard. 
cessful with metric sizes? 

Wou.ld it be any more suc- 

. ., I,>,. ',, 
The Fair Packaging and Labeling Act requires that prod- 

uct labels show content weights incustomary measurements. 
Use of metric terms, while widespread, is optional, provided 
that customary terms are also shown. 

If ,a conversion of.grocery products is to be ,made, the 
Fair Packaging and Label,ing Act will need to be amended,.to. : 
provide for labeling in metric quantities, and new size 
standards will need to be developed. 

CLOTHING AND PATTERNS--HOPES FOR BENEFITS : 
i ' F 

The'clothing industry is in the early stages ofconvert- 
ing its products,to metric. We did not identify any clothing 
being manufa.ctured in metric sizes, but: -. 

--At least three clothing producers have begun to show 
'metric equivalents on some clothing ,labels. 

--A trad,e association of clothing manufacturers made an 
extensive study of the impact of metrication. It con- . cludeds that metr'ication offers the industry a once in 
a lifetime opportunity to develop more uniform and 
rational garment sizes,.size intervals, and size num- 
bering systems shown on clothing labels. It also con- 
cluded that Government aid would be needed to study 
human body measurements so that new clothing size 
standards can be developed. 

--A trade-association of retailers that sells clothing 
through the mails also favors converting clothing 

*/ 
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sizes to metric and has begun work.within the industr.y 
to prepare for a changeover. : -I' <a i;" 

--The clothing patter.n industryrhas beenshowing metric 
equivalents.onthe.patterns used in home sewing since 
1971. The pr'actice began because of ,the:metric.con-,~ 
version'being-made in the United Kingdom. Pa.tterns. 

.designed in the United States are also sold in Austra- 
lia, Canada, several Europe'an, countries, South A'frica, 
and New Zealand. ,The pa-tterns' sold in the United 
States show instructions. in several'1anguage.s and,lin 
both customary and metric measurements.' 5 

No changes have ye.t- been ,made to the siz,es..used for 
clothing or patterns. The clothing that.has,metric labels 
and>the patterns th:at show !metric meas.ur,ements.are ‘still:de-. 
signed and manufactured.in c.ustomary measurements. The :tme't'r ic 
measurements are all conversions to the nearest metric ‘equiva- 
lents. .' " 

voluntary clothing,.,size standards for wome.n(s and chily 
dren's clothing were developed by NBS in cooperation with the 
clothing industry. No Government clothing standards have been 
developed for men's clothing.“ 

:The standards for .women.'s and &ildren's- clothing are: 
based la,rgely onbody measurement studies that wer*e made dur- 
ing the late. l93.Os.. :The data is'believed, to be out:of-date 

,and no,t,useful f,or continued use.in clothing size staad,ards., 
, 

We were told that body shapes are,cb.ntinually changing 
Persons a-re taller and slimmer'than they,,were,during the 19!!Os 
when the last comprehensive study was made. Tod:ay's emphasis 
on appearing youthful and maintaining a trim look have an im- 
pact o,n the size and shape of body measurements and-therefore 
on clothing size needs. 

The ,studies made during the 193.0s included data only 
on white children and .female, adults. The clothing industry 
believed .it needs data,representative of all p,ersons in the 
population to develop clothing standards that would meet the 
Nation's needs.. 

.The clothing industry'believes that a new body measure-.. 
ment study should be made regardless of.whether it metricateg 
because the existing size standards need to be updated. How- 
ever, several major clothing producers have concluded that it 
will no,t be. possible to convert to metric clothing sizes with- 
out a new body measurement study because sufficient informa- 
tion on body.measurements is not currently available. In a 
test made to try to convert to metric sizes, several clothing 
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produc.ers found it impossible to-make clothing in metric size 
intervals using existing data and clothing.sizing techniques. 

The clothing and pattern industries believe' that the 
Government should conduct a new.body measuremen.t study. Th-e 
clothing industry is comprised.of many firms. It believed 
there would be no reasonable way to get the full cooperation 
of the.industry to assist in paying for a'study. :Furthermore, 
several major clothing producers believed that,the results of 
a study would also be useful to others, suchAs the furniture 
and automobile:industries, that have need for information on 
body measurementsi 

In, December -1977 NBS:'issued.:a report on a pilot study 
it made on the.need for data on body:measyrements and other. 
factors:affecting produc,ts and'equipment used,by consumers j 
and workers. The study recommended that a survey be-made to 
determine (1,) the needs and,pr.iorities for such-data.and '(2) 
an assessment of the alternative technologies available for 
obtaining, storing, and processing such data. It estimated 
that a survey would take'2 year's and would cost $1.1 million. 

, ,,._ 
The clothing industry expects to benefit 

The clothing industry believed that metrication would 
provide a unique opportunity to develop a uniform, rational 
range 0.f metric garment sizes and size intervais. Ovei the 
years a proliferation of clothing sizes,has occurred'which in- 
dustr.y officials 'believed benefits neither manufacturers, re- 
tailers, nor consumers. Size proliferation has occurred as a 
result of,demand from consumers and retailers';-actions by com- 
petitors, and the sales and marketing operations within'cloth- 
ing companies,. 

. 
The clothing industry also believed metrication would 

give it the opportunity to reduce the number of sizes pro- 
duced with the possibilty of reducing inventory costs. It 
also believed consumers would benefit if improvements were 
made in clothing' sizevstandards becau.se clothing should fit 
better,, even though the number"of sizes may be reduced. 

Only minor differences exist between some of the sizes 
now used. Industry officials believed elimination of some I 
sizes would not occur"unless a major'change was made 'in the 
industry, such as metrication. ., ' 

Some industry officials also saw converting to metric 
as an opportunity to change the size 'coding systems used on 
labels for women's and children's clothes. They.believed 
that showing key body measurements, such as the waist or hip, 
which the garment is designed'to fit, would benefit consumers. 

/ 
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Because of the present coding system, women do not! fit 
into the same size garments in all stores; many retailersdo 
not use the same garment size codings,,to fit the s,ame size 
bodies. Industry officials told us this would not occur if 
garments showed the key body measurements the clothes were 
designed to fit. 

We,were told the industry is reluctant to.eliminate the 
size coding systems used fo,r women's and children's clothing. 
Many retailers, for example, are concerned that. consumers will 
react unfavorably to changes in the coding systems they are 
familiar\ with, particularly because metric measurements are in 
larger numbers than those currently used., .' 

Industry officials believe the changes they would like 
to see-could not be.achieved without metrication. .For ex- 
ample, they believed that:metrication would force industry 
members to geTt together and examine,the sizes now used for 
clothing., ,They believed that:without metrication, the indus- 
try probably would. not get together on -its, own. 

.; ., ', .,' :- 
Se.ver.al major producers: in the' industry. 'are .hopeful that 

metrication would provide the industry with the opportunity 
to correct problems which have developed over the years and 
provide for permanent.benefi.ts. ,Whether this will .happen ap- 
pears to be speculative a-t this time.: Use of clothing size 
standards is volu,ntary, and,there is no assurance they would 
be .used. throughout the; industry. It is expe&ed, however, 
that if major clothing retailers convert to metric sizes, most 
others in the industry will, adopt metric sizes voluntarily. 

Costs of converting 
: 

According,to a study made by the American Apparel Manu- 
facturers Association, a trade association of clothing manu- 
facturers, conversion costs are expected to be minimal for 
apparel manufacturers. Metric-ation could involve modifying 
some equipment into metric calibrations., main.taining'd'ual 
inventories ,of machine parts, modifying measuring devices and 
testing equipment, educating and retraining employees, .and 
providing metric tools. 

The.Apparel Association believed that- retailers would, 
be concerned with soft changes, such as vocabulary, labels, 
and promotional bulletins and signs; Physical changes, such 
as redesigning or changing equipment, need not take,place,un- 
til new equipment is purchased. 

An NBS official estimated,that a body measurement study 
would'cost between $5 million and $7 million. 



Impact on international trade ,is not,known 
'. ,) ': 

An;official of a large retail company told.us thattth.e 
clothing his.company imports is made overseas too,the 
size standards,used in'the United States. ' .. 

customary 
I.' 

._ 
Some clothing industry members believe metrication would 

provide opportunities for domestic-manufacturers to increase 
exports. Others, however, believe,it would further' facilitate 
imports of foreign garments, particularly if sizes used in 
other countries are:chosen. . 

(.. .: ' I _. i1 b i 
TEMPERATURES--A DIFFERENT DEGREE ': ,/ c: Y.. ,-. -i, ,; 

;' Con'sumers use temperatures :f‘otr determining we.ather' con- 
ditions, cooking~, and setting household temperatures and 
freezers. Temperatures ,are :also-used in'heal'th care. To' con- 
vert from Fahrenheit tom Celsius, subtract 32: degrees from the 
Fahrenheit temperature, then 'take 5/9 ofo>t:he remainder, How- 
ever, if metrication occur's, few persons would need to -know 
how to make this conversion because they presumably will learn 
to-relate the Celsius 'tempe,ratures to the circumstances-in- 
volved. ': "' 

: 
The.Fahrenheit.scale.-is commonl.y:used in the United 

States today. The metric, syste-m:has its own scale called ': 
Celsius.:, Some persons :may alr.eady.be acquainted with:itf,-.but 
their exposure may+.have been when,*it.was known as Centigrade. 

./ 
People .know cold and hot by their senses,v but they deter- 

mine the exactness by referring to temperatures. For example, 
20 degrees Celsius is a comfortable room temperature; 37 de- 
grees Celsius is the normal body temperature. If the freezer 
is set at 5 degrees.Celsius, ice cream will melt. 

: ,- ', ). 
.Many weather forecasters now refer to degrees Celsius in 

daily weather forecasts (see. ch. 28). .It is unlikely th.at 
many'consumers are aware of what the various temperatures 
mean: Some ho~spitals use. Celsius, thermometers when caring 
for patients. 

It is unpredictable how many persons would buy new ther- 
mometers to replace the ones they have. When cooking, persons 
may use conversion .tables to determine~proper cooking temper- 
atures instead of buying new stoves that show 'Celsius temper- 
atures. Persons .will probably not bu-y new'thermosta‘tsfor 
their homes; persons in older homes would have to remember 
what a comfortable room temperature is interms of degrees 
Fahrenheit. Use of the Fahrenheit temperature scale will 
continue to some extent for many years. 
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SPORTS--AN-ASSORTMENT OF METRIC AND-*CUSTOMARY : : '. ;; 
,‘; i- : I 

Because of their high'.visibility, sports are 'c0nsidere.d 
an excellent vehicle for teaching the public to think, metr:ic: 
and draw attention to the metrication of a country.~ 'For in- 
stance, Canada?:is following this approach in itsconve%rsion 
activities .by trying to convert its highly visible sports, 
such- as: football, horse,racing,, a,nd ,g,olf. -Canadian p1an.s 
call f;or the metrication-of sports.by January 1979; some. 
sports, primarily international sports, have al-ready convert- 
ed,;, Australia has successfully. impleme.n.ted thisappro,a,ch. 

‘. Cur, disc,us.sions $th g~epr~s,ent.~,~ives..of:;sel~~ted:. sports 
in the United> S,tates indica,ted: that me,trication. is 'taking 
place in.track.'and field events, and ,to a: l,esser,extent in, 
swimming, primarily because of intern.atipnal competitio'ns.., 
International records in both sports are recorded primarily- 
in metric terms. ,There~ is li.ttle activity. inoth.er sports 
with few if any plans,.in, professional sports.. , 

College sports .' 

The National Colleg,iate, Athle.tic Associationhas decreed 
that all .rules-.and-. dimensio,ns for al.1 sports, : except foo,tball, 
would be express,ed in both-customary ,and metric unitsof. meas- 
ure. However, no deadlines or time...frames- were established; 4 .I 
for beginning use of metric terms.., The Athle.,ticAssociation 
would provide the metric measurements~for the variouscsports: 
if the United States adopts the-metric s.ystem. Basically, it 
has left it up to ea.ch sport to do what is best for the,sport 
as far as conversion is concerned. A spokesperson said that 
the metricsystem is used in sports in other,countries.and 
it is a mqre ,logical system:. Other than t,hat,,, he sees .no+ .' 
partic:ular benefit to. conversion., ; :,, , :I, 

..,,;. 
Tr'ack and field hasmade the conversion to metrics. 

Some eve,n,ts have been c.hanged 'to metric distances.- and otker 
events are simply being'measured in me‘tric units. I For ex- I 
ample, in track, the 440-yard dash has been changed to the 
400-me,ter dash, ,:about 8 feet shorter.. 

Even in tho'se events,where some changes in distance h.ave 
occurred:some other measurements have not b.een changed. S.ome 
tracks have been,modified to a,ccommodate the metric distzgnces, 
but the width 0.f the track and the 1.anes have not been changed, 
nor has the distance between hurdles. 

Because the distances of running ,events have been 
changed', separate records will be maintained between the 
customary and'metric events. Separate records will not be 
maintained for field events, such.as the shotput, where 
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measurement is involved because:,the distances ,in customary 
units can be converted to metric units. . _. 
High' school ,, '.. 

: In April 1977 the National Federation of- State High 
School Associations, which, is the governing. body for inter' 
scholastic athletics, stated that r.unning:events shall;be.' 
changed to the,accepted metric distances in 1980. Schools 
building or refurbishing track facilities were'encouraged 
to make,;accommodations ,fortmetric r-aces. Conversion was no,t 
made mandatory but was up to each State School Association. 
The -Fe'deration stated only tha,t starting in'~198W:i.t will no 
longer-list races at the.traditional E'nglish distances--e:ither 
in the order of events, the honor roll, or so'on 'after in the 
list'of'hational records. /1 ,. 

A s~pokesperson for the .Federation said he does not an- 
ticipate conversions in other high school sports. . 

Some conversion is being made and some, metric'events are 
being added to co.mpe,titions.' Spokespersons for the National 
Collegiate Athletic' Association and the National Federation 
cited.the high cost of converting pools as a deterrent to 
conversion in this sport but said,'however‘, that new pools 
are built to metric dimensions; 

Football 

The National Football League has stated that when the, 
United States changes to the metric system,,. it would have to 
declare itself exempt. It was the League's position that 
football is based on yardage and that to convert to meters 
would al,ter drastically'the basic'pgrt of,the game. To 
convert existing yardage to its metric equi'valent would'be 
extremely confusing., I 

It is interesting to note that at the college level, a 
metric football game was played in Northfield, Minnesota, 
between Carleton and St. Olaf Colleges. The field was re- 
lined to 100 meters long (about 109 yards) by.53 meters wide 
(about 58 yards) with meter lines every.10 meters. . 

Baseball 

The Commissioner of Baseball has not taken anofficial 
position on metrication; however, a spokesperson stated that 
metrication would not change the sport.- Existing dimensions, 
etc., would simply be converted to their metric eguivalent' 
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units. The spokesperson saw no advantage to converting 
baseball and believes any conversion at this time would only 
confuse people. He,did note that at some balllpar-ks the, dis- 
tances to the walls were being shown in metric units, but 
this is at the initiative of the individual clubs. I. 

Hors'e. racing 
F 

An official of the Thoroughbred.Racing:Association in- 
fo.rmed us that it has no metric policy and is not considering 
metrication. The Racing,Association.d.id contact the Jockey 
Club to see what, if anything, it planned to do and found'it 
had no plans. 

Golf 
. 

Neither-,the Professional:Golfers Association nor the 
U.S. Golf Association report much metric activity. Neither 
has taken any metric action'and both have adopted a wait- 
and-see,attitude. A spokesperson for one of the Golf asso- 
ciations said he'believed conversion.would be confusing for 
both the participants and the.,public;.at,least until people, 
become familiar with metrics.. Some golf courses are now 
showing distances on score cards and on some course markers 
in both yards and meters. 

Basketball 

A spokesperson for the National Basketball Association 
said that metrication would not really affect ,the sport be-.,. 
cause all distances and heights would remain the same. -If 
the ,country does go metric, these dimensions may be converted 
to their metric equivalent. 

Tennis 

A spokesperson for the United States Tennis Association 
told us that court dimensions are standard in the United 
States and in other countries. .The',dimensions are in custom- 
ary units in the United States ,and as far as he knows in other 
countries also. He knows of no move to convert the courts 
to metric size although he believes they could.easily be con- 
verted to. their metric equivalents. '. 

: 
Soccer 

The dimensions of the field are expressed in yards but 
are in a maximum and minimum range. A spokesperson for the' 
U.S. Soccer.Federation saw neither problems in converting the 
dimensions to their metric equivalent nor a move to do it. 
The official rules include a table showing field dimensions, 
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ball size, etc., in both customary and metric.units. The 
field sizes are different for international competition .and 
are-expressed in'metric units. .' '.:,' I 
Skiing 

Skis, both foreign and domestically produced,i",are d,imen- 
sioned in metric units and have been for a long time. Accord- 
ing,to a spokesperson for a trade-association; skis,were 
traditionally imported and were dimensioned in metric units. 
When U.S. manufacturers entered t-he mark.et, they used.metric 
dimensions,to be compatible with the foreign imports. 

I, 
CONCLUSIONS 

Consumer acceptance is one of the most crucial, if not 
the most crucial, areas -involved in achieving a metrication 
program.,' (L. 

',: .' 
Few consumers had. a clear understanding of the metr.ic 

terms they would use in their daily lives. <;This is particu- 
larlytrue for persons' who-are older, haveia lower income, ,I 
are without much educationi or are' in .a minority. 

;; 
A majority of consumers did not favor converting to the 

metric system. Many saw no benefits in converting. If a con- 
version is to be made, adequate steps are needed to en.sure 
that consumers benefit to the extent possible, have their in- 
te.rests.protecte.d, .and are informed and 'educated about the 
system so they do,not feel:uncomfortable with it.' Consumers 
should hjave a voice, :in the decision'. Otherwise, public rey 
sistance is likely,to.oc,cur ,which would make it difficult to 
convert those sectors of the economy that'believe,they can 
benefit. 

If we are to convert, the Government will need to under- 
take.public'awaren'ess programs. These should be coordinated 
with conversion and promotional activities that take place: 
in, the public and private sectors. Both sectors should sh,are 
the burden and wil.1 need to work together. 

If the United States continues to implement its present 
voluntary metrication policy, it can expect.much confusion in 
the marketplace. Without a firm Government commitment, some 
product sizes will convert; others will not. Proliferation 
of package sizes may result. Consumers may not be able to 
understand many si,ze designations, and it may become .difficult 
for them to make value comparisons. 

Metrication of many products cannot be done on a volun- 
tary basis. Many'States have laws and regulations,which 
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require-the use of customary sizes for products, such as' 
bread, flour, and butter. 'MostJStates also have weights and 
measures laws or regulations that tend to limit use of metric 
measurements for retail scales (see ch. 9). 

..' 
At the Federal level,.the Fair Packaging and L,abeling 

Act requirement that customary'terms be used on package labels 
tends to discourage conversion. Producers are permitted to 
show both customary and metric quantities on their labels, 
but they cannot convert to labels that show only metric quan- 
tities. Product,size standards, for certain food and other :' 
items, such as detergents , prescribe customary,quantities,.. 

1. : j : 
Under th.e current national policy, if the grocery prod-, 

uc'ts industry decides to voluntarily convert to the metric- 
system, the Secretary of Commerce would need to develop new, 
voluntary size standards. It is quite likely that changes 
to government laws and regulations.would be need,ed to.ensure 
that rational package sizes would. be used. -.Increased.stand- 
ardization and rationalization of consumer products might 
not be atta.inable without the. imposition of government laws' 
and regulations. 

Most of the metric changes being sought for consumer 
products are to achieve objectives not related to the metric 
system, and some of the metr,ic movements were influenced be- 
cause producers beli-eved that conversion was inevitable.; The 
objectives sought, such as to pro.vide for improvements in the 
fit of clothing, could .be achieved without conver'ting to the 
metric system. Whether they will be attained either, with or 
without a conversion is open to debate. 

For most consumer products and for activities such as 
sports, neither producers nor consumers wiil receive major 
benefits by converting to the metric system. Where benefits 
occur, they will be achieved only with much effort by those 
involved. 

There is no compelling'reason for many consumer products 
and some sports to-convert to metric. ,Many consumer products 
are not exported to other countries; producers of those that 
are, 
used. 

seem to have little problem,with the measurement system 
Other countries exporting products to the United States 

.change th,e sizes,of their products .to our size needs when 
necessary. / 

Those promoting metrication have stated that consumers 
will benefit. 
products, 

Rational package sizes, adopted for grocery, 
will make price comparisons easier; and metric 

'terms are easier to understand thancertain of the customary 
terms. While the potential exists for establishing more 
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logical systems of package sizes and adopting measurement 
terms that could be more easily understood; these objectives 
-can be achieved without converting to the metric system.. 
Whether metrication would help these thingshappen i.s,,open to 
question. For some containers, such as cans, size conversions 
would require a considerable expense that quite likely would 
be passed on to consumers in the form of higherprices. 

I,t may,be'that increased use of unit pr.icing would be of 
greater benefit to consumers than converting many products to 
'metric; I~ncr.eases in.unit pricing would .facilitate price com- 
parisons and would be easier to understand. Also, unit pric- 
ing is not dependent on the use of standard or rational sizes 
which canbe difficult.and costly to achieve and would permit 
producers to make their products in sizes relating to their 
needs., j ; ,. 

Under the'current national,policy, if the grocery prod? 
ucts industry decides to voluntarily convert to the metric 
system) the U.S. Metric Board should work closely with indus- 
try, government, and consumer representatives to ensure that, 
when possible, rational size changes are made which benefit. 
consumers. 

If not, consumers might find it more difficult to make 
price comparisonsthan with,the sizes now in use, such as oc- 
curred when the distilled spirits industry-selected the 1;75 
liter as the.metric replacement for the,1/2,gallon (see ch. 
26). Furthermore, metric terms are not understood~by most ~. 
Americans, and learning how t'o use them would require effort 
by almost all,of them. 

Producers' views in the food and apparel industries 
varied on whether to convert to the metric system, but sup- 
port was prevalent. Large producers,of food products believed 
that for .their industry, the,disadvantages of metrication would 
outweigh the advantages. 
metrication. 

Yet, most informed us they supported 
There was a strong feeling that conversion is 

inevitable, and most producers belie-ved that, overall, conver- 
sion would be beneficial to the United States. In the apparel 
industry, major producers were hopeful that conversion would 
provide an opportunity to make desired improvements. 

Several sports involved in international competition have 
already converted to the metric system because international 
and Olympic records are in metric; U.S. athletes should not 
be placed at a disadvantage when participating. But other 
sports, such as football, see no benefit and do not plan to 
convert. It appears these others will not convert unless 
required to by the Government. 
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The clothing industry has already expressed the need for 
Government funds to conduct a body measurement study so that 
metric clothing sizes can be developed. It is possible that 
other sectors will ask for Government aid. 

If consumer products and activities, such as sports, 
are to be converted to the metric system, it must be because 
other more essential national objectives are being sought, 
such as making conversion to the metric system complete. Be-, 
cause the benefits of converting these to the metric system 
are so nebulous, the Board should give serious thought to how 
the average American consumer would be affected and whether 
conversion is necessary for the well-being of the consumer 
and the Nation. 
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CHAPTER 28 

IS METRIC WEATHER IN THE FORECAST? 

The National Weather Service has developed a plan for 
convert,ing weather information to metric terminology--sched- 
u1e.d to begin in June 1979. Although the plan will have its 
greatest impact on the public sector, it is not the public 
that has "voluntarily" made the basic decision to convert. 
Rather a Federal Government agency--the Department of Corn-' 
merce's National Weather Service--is responsible. 
is to be submitted to the U.S. 

The plan 
Metric Board for approval. 

REPORTING OF WEATHER INFORMATION 

'The metrication of weather will not change the weather, 
butw,ill change the units that are now used to describe the 
weather. The kinds of weather information contained 'in the 
local newspaper would still be the same, but a. new range:of 
numbers would need to be learned for such items as tempera- 
ture and precipitation. (See.pp. 28-2 & 28-3.) For instance, 
25 degrees would no longer be suitable for ice skating, but 
it would be okay for swimming. 

Most weather information for the gener'al public and spe- 
cialized users, such as aviators and mariners, usually -origi- 
nates with the~,National Weather Service. This information is 
transmitted to the users through such avenues as the Weather 
Wire Se.rvice, which serves mass media by teletypewriter;, the 
Federal Aviation Administration's Service A Teletypewriter 
system; the 24-hour Weather Radio broadcast system; and the 
Recorded Weather-by-Phone Systems. 

Pleasure boaters generally rely on the Weather Radio sys- 
tern for .their information. 
shippers, 

However, others, such as commercial 
rely on the Coast Guard's radio system because the 

Weather Service's system is limited in range. The Coast Guard 
receives its weather information from the Weather Service and 
makes some observations of its own. 

In addition to the Weather Service, the FAA and the 
Department of Defense also make weather observations. The 
Weather Service receives the data collected and observed by 
both organizations in order to provide itself with as broad a 
data base as possible. Internationally, the, information is 
exchanged through a world weather information system which. 
uses a mixture of metric and nonmetric units--about a 50-50 
split. 
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TODAYS CUSTOMARY 
WEAT/-ER REPORT /, .,. 

bhowerr Sfotlonory Occluded 

m 
1;11),m --- mm- 

NATIONAL WEATHER SERVICE 
NOAA. U 5 Dept 01 Commerce 

Local Weather 
F&i today, highs ‘in upper 60s. Clear 

.?nd cool tonight, lows ‘45 to 52. Increasing 
1 ioudiness tomorrow, highs ,72 to 76. 
chance of,,rain is near zero through Mon- 
,-iay night. Westerly’winds 10 ‘to 15 miles 
per hour today. 

Tempwibfures 
Yesterda’y’s high w& 72 at 3:45 p.m.; 

the low was 56 at 8:15 p.m. The high and 
low for Oct. 9, 1976, were 75 and 52. Nor- 
mal temoeratures for the date are 71 and 
51.; 

T6inperrhJras for YWtadw 
Midnight NOO” 64 
4 a.m. 2 4 p.m. 
a a.m 66 a p.m. :: 

md Temperatures for thYear 
Highest, lOOon July 6. 
Lowest, 20” Jan. 17. 

Preclpltatlon 
Yesterday’s precipitation - 1.02 inch. 

JaMlarv 
Februarv 

MWCh 

June 
July 
August 
September 

* ear 
l,w& l9l9l tbrorl R J dYr. 

5.08 ‘49 
:bb 1:55 2.47 5.71 ‘61. 

2.17 2.51 3.21 7.43 '53 
2.66 1.17 3.15 5.97 '52 
1.73 3.57 4.14 10.69 ;b3 
::z ;z 3.21 11.53 ,72 

4.15 11.06 45 
4.70 2:13 4.90 14.31 '55 

.32 7.23 2.97 12.36 '75 

Tempara$ur~ In’VarlwsCltles 

Albany 62 40 Juneau 
Albuquerque 74 48 
Amarillo 70 48 

Kansas City 
Las 

Anchorage 52 47 
Vegas 

&w;le 65 52 
Little Rock 
Los Angeles 

M$$k City i; 2.i 
Louisville 

zl “;: 

Memphis 
Miamf Beach 

Billings Midland-Odessa’ 
Birmingham 

t-i :: 
Milwaukee 

E$isearck Mnpls:St. Paul 
Nashville 

Boston t: :: 
;;roFilta 

z; ii 

New OriFans 

~::o:ko’” 
Burlington 57 47 Oklahoma City 
XLton s c 61 38 Omaha 

Charleston Vi.\ia. g g 
Orlando 

Charlotte N.C. 
Philadelphia 

Cheyenne 
Chicago 

z g %&?gh 

Cincinnati :i :: 
Portland Me. 

Cleveland PortlandOre. 

Columbia S.C. 81 63 
Providence 

Columbus 50 45 Raleigh 
DallasFt., Worth 78 45 

Dayton 49 44 

R&d City 

Denver 74 61 
Richmond 

;$$“= 60 48 37 42 
St. Louis 
St. Prbg:Tampa 

Duluth 
El Paso 
;traia”ks 

Flagstaff 
~~rare;;lls 

Helena 
;Q!;;g 

Indianapolis 
Jackson $!iss. 
Jacksonrtile 

Salt Lake City 
50 34 San Antonio 
$ it San Diego 

San Francisco 
2: $ San Juan 

36 32 
St..Ste. Marie 
se&e 

i i $ Shreveport. 

86 70 
Siobx Fafls 

77 63 Spokane 

53 46 72 9. 
Syracuse Tuison 

8) 69 
Tulsa 
Wichita 

October 1.11 7.76 3.07 7.76 ‘76 
November .85 3.62 6.70 ‘63 December 1.99 2.78 6.54 '69 /' 

47 37 

'2 zi 
69 46 
79 66 

'ii 

:t :: 
55 34 

!i2 
;: :i 
73 40 

: :: 
67 55 
92 70 

ii; 
62 43 
65 54 
73 63 
62' 
73Y 

33 
31 

74 bo 

i; :: 
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Local Weather Tamp~ltirsi Iii VmiwBttb: 
Fair ‘today, highs 19 to .,2i. Clear and ,, p ,L 

cool tcnigm, lows 7 to 11. increasing cloud- Arbny 
,. : !f ! 

17 0 .tun*au 8 3 

iness tomorrow, highs.22 to 24. Chance of ~~~~“’ 23 0 ,.,K~raS civ 18 1 

rain is near zero through Monday night., Anshor,ti ‘:: ‘i., EtiTO’& 
a2 ,I 
a, 0 

Westerly winds 16 to 24 km per hour today: .A.~~I, is.: 1, ids A”& 16 10 

.‘I-. 

Temperatures 
Atlmua a1 I4 L.“iwivip’ 12-7 ‘, 

: Yesterday’s high was 22 at 3:45 p.‘m.; 
*tl4mis city 10 ‘17 MDllQhil .‘<lB.’ 0 .’ 
AImin 37 18 

the low was 13 at 8:15 p.m. The high and sisin~ 10 0’ 
MmdBus?. ?a A3. 
Mid!ncdDdtSla .*I 13 

low for Oct. 9, 1976, were 24 and 11 .‘Nor- srrhn*m 
mal temperatures for the.date are .22 and fs,y- 

Temperatures for Yesterday. Midnight 17 Noon 22 .,s ,I9 : 

4 a.m. 

s::: :. 

18 4 

;:I;.,’ :Elmc,ty 
,a3 4’ 

p.m. 22 ’ Crpr i6 3 orme 17 0 
8 a.m. 19 8 p:m. 14 Ch,la”c.l SC. 26. 22 Drll”* ..a2 a, 

” . . . . --_“,.I_ ,( 0 PhlNdNOhi. 10 ,a 
Record Temperatures for the Year 

*r.,mmm7 . ..I.. 
Chule,lu N.C. 

Highest,:38 on July 6. cbyenne 
Lowest, -17 on Jan. 17. CNOOo 13 8 Podand M& 16 8 

i l 7 .’ 
,Precipitation 

Cinshlmi Fmi*ndcJ,,: 17 6 
CNdud ,I 7 *rov*no 18 12 

Yesterday’s precipitation-2.59 cm cd”** S.C. a7 17 R.DlBk 23 17 

282 10.7, 730 
2.18 8.10 
6.06 7.03 

17 1 
23 4 
a3 18 
16 6 
a, 20 
20 4 
a7 18 
*a a0 
18 12 
30 a4 
7 6 ..,, 

14 8 
28 11. 
17 .a 
11 4 
17 0 
a* IO 

Note: This Chart Reflects The Metric Equivalents 
Of The Data Shown On The Previous Page. 
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CURRENT.CONVERSION ACTIVITIES 
,' :, 

The National Weather Service anticipated Federal legisla- 
tion on metrication and began planning for conversion 'of. pub- 
lic weather reporting; It even began some conversion,activi- 
t9es before passage of the December1975 Metric Conversion Act. 

In 1974 the Weather Service authorized its offices along 
the Canadian border to give temperatures in dual terms when 
necessary and warranted. 'It did this in anticipation of Can- 
ada's conversion of weather information to metric that,was 
to begin. in,April 1975.. : Because. radio anh television stations 
in the United States and CanadaLrely on advertising directed 
at audiences on both sides of the border, it was felt that 
these stations should .be provided the option -of repoiting 
weather .P'n metric terms. 

: ,_ 
Aithough Mexico is metric, the question never came'up; 

therefore, authorization for dual reporting was not granted 
to the Weather Service's offices along the Mexican border. 
However, in 1976., the Serv.ice extend,ed ,the:authorization 
and.made dual reporting of local'temperatures optionai for 
all its offices. ._ 

In June 1975 the Weather Service started giving daily 
temperatures in Celsius only-- the way they were received-- 
for select,foreign cities over its'wire, service;, By July the 
Service had decided to revert to Fahrenheit because of con- 
siderable opposition from the media. However, in August 1975, 
the Weather Service decided to give dual temperatures which 
is now the current practice. The Weather Service has received 
opposition from newspapers because of space problems in giving 
both Celsius and Fahrenheit. Generally, the hewspapers' solu- 
tion has been to report these temperatures in Fahrenheit only. 

,In the summer'of 1976, the National Weather Service 
started providing both Fahrenheit and Celsius temperatures 
in its hourly forecasts over the wire service. It did this 
to reduce conversion errors made by the media and to save time 
for the media. .' When severe weather warnings are given, how- 
ever, the Celsius is dropped because of time considerations. 

PUBLIC PLAN 

Weather Service officials told us that they believe the 
Congress intended, by passing the Metric Conversion Act of 
1975, that the United States convert to the metric system as 
soon as practical. Therefore, the Weather Service is prepar- 
ing for conversion. 
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The Weather Service believes conversion is voluntary to' 
the extent that,, as a service organization, it will provide 
whatever is demanded--customary only, 'metric only, or.both. 
The. demand for, public weather information, it.believes, comes 
from the media, which, in turn, receives its demand-;from the 
public,. Essentially, the Weather Service considers the med,ia 
to reflect the public's opinion. 

Weather Service officials told us that the decision to 
implement a plan for converting weather reporting rests with 
the U.S. Metric Board and the media, in asmuch as either o.ne 
cou.ld,.prevent the plan from being;.implemented., The basic.. 
authority to use metric units rests in the.186'6 Act.,' ,' 

. 
On June 14, 1977, the, National. Weather Serviceannounced 

its proposed plan to use metric terminology in is.suing weather 
information to the public. As a result of a June 30, 1977, 
public hearing and other additional input, the plan was modi- 
fied slightly and reissued in October 1977. 

., 7 
The plan does not apply to aviation or marine weather 

reporting. Before conversion to the metric system can occur 
in these sectors, international agreements will ne,ed'to be 
changed. The public weather reporting units that will be used 
are shown below. 

. ,  

Units for Use.in Public Weather Reporting 
, 

- - - - - - -  . - . . -~ -~~ . - - -  - .  ~~-.-..-- 
TEMPERATURE’RELATED ELEMENTS 

‘_ 
.HEIGHTS 

C DEGREES CELSlljS m METERS AND KILOMETERS. 

SPEED RELATED ELEMENTS’ 
SUNSHINE DURATION 

km/h KILOMETERS PER HOUR 

PRECIPITATION RELATED ELEMENTS 

PERCENT OF MAXIMUM POSSIBLE 
ON A CLOUD-FREE DAY pT,A 
GIVEN SITE 

DIRECTION 

cm CENTIMETERS FOR ALL PRECIPITATION DEGREES OR POINTS OF COMPASS 

cm/h CENTIMETERS PER HOUR FOR RATES 
LOCATION 

PRESSURE 
DECIMAL DEGREES OF LATITUDE 
AND LONGITUDE OR DIRECTION 

kPa KILOPASCALS AND DISTANCE FROM A LOCATION 

DISTANCES SOLAR RADIATIOF; 

km KILOMETERS kWh/m2 KILOWATT-HOURS PER 
SQUARE METER 

_- 
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Unde.r the ,original plan,' conversion -was to begin ,in :," 
June 1978,.. and be comple,ted by' ,January lo, '1979. 'Under t-hei.:'re- 
vised. plan, conversion is to begin in ;Tune,,l979,,! and be coni- 
pleted by June 1, 1980. These dates could be,-changed again 
because before the plan is implemented, it,must be san,ctioned 
by the U.S. Metric Board. :. ! .' ,. 

As shown below, metric terminology would be: phasedi-in 
gradually with 3-month periods of dual reporting; then-metric 
only would be used. 3 ., 

.i \. . . * 
Pro@sed Metrication’bf,,We&her RepSrtin~.,To.‘The..Public ‘: _ ‘c ‘: ’ 

‘. Conversion Schedule i : 

1978 1980 , ... -I .I ‘_ 
. : .,I 

BOARD A 

TEMPERATURE 

PRECIPITATION 

WINDSPEED 

DISTANCE, PRESSlJFdh 
ALL OTHEd ELEMENTS 

ROVAL JUN 3 2 2 DEC DEC hhAP ,JUN’, hhAP ,JUN’, 
.‘. ‘. .‘. ‘. I I ‘* ‘* 

. . . . . . . PUBLK AWARENESS PROGRAM 

mm- I D’iJAL UNITS~ND INTEN.$IVE EDUC/iTlON PROGRAM .- ,_ !, 

- METRIC UNIti OfiL Y 

,_, 
The. Weather. Service has no detailed plans~-for educating 

the public: rather,, it has a general plan. The general plan 
is to have the media and any other interested parties take 
the responsiblity and initiative--as a public,service--,for 
educating the public. The Weather Service sees its role in 
educating the,public as one of an informatiqn source for 
the media and others. 
announcements; 

1.t would provid,e press releases;.spot 
assistance in putting togeth:er newsaaper. and 

periodical articles; 
schools, 

and speakers and materials for the media, 
and civic organizations. .' 

The Weather Service's field offices would be available 
to assist in the areas they serve to the fullest extent 

c- 

t- 
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possible. The,Weather Service had expected the.Federal 
Highway-Administration's,,proposed conversion of. speed limit. 
signs to be implemented and .thus aid in educating,the public 
in metric,.terms. However,, .the :Federal Highway Administration 
has 'withdrawn its:proposal:; and thus, this educational aid 
may not be available. (See ch. 10.) 

Comments on the nlan )  

,  ._ i 
‘.. :  

Although the Weather Service has more contact with the 
public through its weather information than many Federal 
agencies, ,it ,,has moved ,)ahe.ad,.w+h mqtrication with no direct 
attempt- ‘&d’ cg&in ‘d,i.r,e~~~-ll,~~‘~u~ .,..firom th& general public as (-0. how 
and when, if at all, conversion should take place. 

The Weathert:S'ervice contracted'with,the American National 
Metric Council to assist it in obtaining evaluation comments 
on its ori,ginal plan. Under .the contract,.ANMC was to cir- 
culate the'draft proposal to‘,all "affected" parties with a 
request th.at.they respond,with written comments. In addi- 
tion, par'ties "affected ,substantiallyY.by the change were in- 
vited to participate ina June 30, 1977, public meeting', at 
which,time.,bhey would -be given an opportunity to comment 
orally on the proposal.' 

The determination of which,,parties were "affected" and 
"affected substantially" was made by ANMC and the Weather 
Servi:ce. The,listjof affected parties cbnsisted of seven, 
categories: Radio/TV' and Communications'; Pres.s;:'Consumer 
Affairs Reporters in the Washington News Bureau, Consumer/ 
Education, Manufacturers, Travel/Aviation, and "Others." 

The Council agreed to compile and analyze the written 
responses and present a report to the Nationa'l Weather Ser- 
vice, including the raw data, the analysis, and the results 
of the meeting. The public meeting was announced in the 
June 23, 1977, "Federal Register;" however, the proposed 
pla.n,did'not appear in it. Instead, the Weather Service 
relied on ANMC.and a press release.to inform the pub.1i.c 

ANMC,'s analysis stated'that: 

"* *.* the National' Weather,Service .proposal re-' 
ceived favorable'responses from -all affected par- 
ties. Official comments solicited by ANMC that 
expressed opinions in favor or opposed were 49 to 
6 in favor of the NWS, [National Weather Service] 
Metrication Plan." 
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-The analysis al.so commented on the 3-70 generalpublic j 
responses received as a result of media.coverage. , 

"Well over 50 newspaper.articles explained the 
plan to the general public. Public comments ran 
slightly over 2 to 1 opposed 'except in'two.metro- 
politan areas. A Dallas, Texas, campaign produced 

, 215 letters, virtually all negative and a St. Paul, 
Minnesota,- newspaper campaign drew 110 .ietters 
opposed.' In: those areas, responses were overwhelm- 
ingly opposed due to either negative or biased re- 
porting'by the news 'media. * * *These letters d,o ; . 
not represent any valid -poll:of opinion of the:gen- 
era1 publ'ic concerning metrication.or,the: NWS [Na- 
tional Weather Service] proposal. The public for 

-the most part remained fairly quiet and d-id not ', 
respond to this p1a.n." ., ., 

,j : 
We agree that the.letters do not represent a valid'.poll 

of the general pu'blic concerning support or opposition to-the 
plan, but neither the Weather Service nor,ANMC attempted to 
obtain a valid- or reliable assessment of public opinion,: If, 
the responses from the two metropolitan areas-mentioned above 
are not counted, 
ANMC. 

only 45 public responses'were,received. by 
According to a Weather Service official, pub,lic re- 

sponses sent directly to the Weather Service on 'its: original 
plan have been light but most of these responses have opposed 
the plan;, ,. ., 

Comments by those receiving the'draft plan from ANMC 
dealt mainly with the plan's timing, its impact on.the 
public, and its proposed terminology. : 

Timing 

.The comments brought out basically two theories on'the 
timing of the metrication of weather information. One was 
that a truly gradual changeover would aid the public in un- 
derstanding metric weather in that it would slowly but 
surely associate customary-with metric measurements.' 'The 
other was that an immediate changeover would force. the public' 
to learn and use metrics. 
compromise between the two. 

The Weather Service's plan is a 

any given segment, 
The period 'of dual-.reporting for 

such as precipitation, is short; but the. 
entire conversion is over a longer period. 

The timing in the proposed plan was endorsed by many of 
those responding, but it did draw criticism. No matter which 
approach--gradual or imme\diate-- was endorsed by those respond- 
ing, many of them expressed concern over the need to educate 
and prepare the public adequately before the change takes 

L 
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place.. : Under the,revised plan,.the dual, reporting period of 
1 month for temperature and 2, months for the other elements 
was increased to 3 months, and the overall conversion period 
was increased from 7 to 12 months. 

: <.. 
It has been ,stated that if the period of dual reporting 

is too long, as in the case of the United Kingdom, people will 
ignore metric and use customary terms. Canada and Australia 
on the otherhand, had short conversion periods and were con- 
sidered to have successful conversion programs. InCanada 
there was concernXthat,there would be a great public uproar 
when temper,ature.was c,onverted to Celsius, but according to 
the Canadian Metric% Commission,, when only Celsius was reported 
on April 1, .1975, nothing .happened--only a few "odd calls." 

$: 
The success o,f Canada's, conversion was attributed to a 

massive public education,campaign launched. through the mass 
media. The Canadian Metric Commission provided the media with 
educational materials (posters, film strips-,,etc.) and held 
seminars across the country forthem. The Commission made _). 
sure.that. farm groups, the media, consumer. organizations,. and 
all who should know about metrication~ were informed. Only 
metric terms, were-used in these‘ materials--no equivalent cus- 
tomary units.were shown; otherwise, the Commission be1ieve.d 
the public would, ignore the metric units and,not learn the: 
metric system., 

/ L 
However, about 20 'percent of the Canadian radio and TV '. 

stations have reverted to dual reporting. These stations are 
along the, U.S. border and in areas with concentrations of 
elderly people. .The Commission expects that,these stations 
will, over time, convert to metric only. 

Terminology 

Concern was expressed over some of the units in the pro- 
posed plan. The ,proposed unit for solar radiation, watt-hours 
per square meter, drew criticism because it is not a basic 
unit.- Some expressed a preference for either joules per sec- 
ond per square meter or kilojoules per second per square meter. 
Another unit that received similar concern was the proposed 
unit for,windspeed, kilometers per hour. The unit meters per 
second is a preferrqd unit in the ,International System of 
Units system; however,.kilometers per hour was proposed be- 
cause it is easily related to.such things as, speed limits. 

Concern was also expressed over the original proposal 
to use two units instead of one for reporting rainfall and 
snowfall. Millimeters were to be used to measure rainfall; 
centimeters, to measure snowfall. It was felt that this 
might be confusing,and ,awkward for the news media to report. 

.- 
28-9 



The Weather Service,has now modified its p.lan,.and centimeters 
is the proposed unit to be used for all precipitation. 

', *" One unit that generated much discussion was the unit for 
barometric pressure, the SI metric unit "kilopascal." The 
alternative units suggested were the millibar and millimeters 
of mercury. It was suggested that the public could more 
easily relate to millimeters of mercury because it is similar 
to the current practice of using inches of mercury. One ar- 
gument for the millibar was that, although it is not an SI 
unit, it has been used, by meteorologists for a long time. The 
World Meteorological Organization has adopted it as the stand- 
ard unit for pressure and has not made any indication of 
changing. 

It has also been argued that the kilopascal should'be 
adopted because it w.ill probably become the term used for such 
,things as tire pressure, water pressure, and other measures 
where pounds.per.square inch are now being used. By adopting 
the kilopascal now, it is argued, instead of the millibar or 
millimeters of mercury, only one change will be made instead 
of two. The Weather Service has proposed that the kilopascal 
be used. 

Weather records 

Weather data accumulated over the years (archived data) 
is used to help forecast the weather and help utilitiesUpro- 
ject how much electricity or gas will be consumed on a given 
day or period. In making a projection, both the- forecast and 
archived weather data are used. The National Weather Service 
is not going to convert archived data to metrics; instead, 
it will compute in customary units and then convert the 
results.. 

A Weather Service official told us this approach will be 
of a minimal cost, requiring only a small amount of computer 
time. There will be some problems with data that has been 
published; it will have to be converted by the user. 

FEDERAL PLAN 

As noted previously,, the Weather Service's plan to con- 
vert to metrics applies to the public sector only. 'The 
Weather Service also provides weather information to the De- 
partment of Defense, the FAA, the marine community, and 
various world weather organizations which also provide weather 
data to their respective users. Accordingly, the Weather 
Service through .an interdepartmental committee, is in the 
process of developing a plan for the conversion of meteor- 
ological information exchanged between Federal agencies. 
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The,conversion of weather in,formation and.equipment within 
each agency will remain the,responsibility of that agency. 
Each agency will also be responsible for planning and imple- 
menting metric conversion with their users., . .I 

In developing this Federal metrication .plan, regulations 
and.resolutions of the World,Meteorolog.ical Organization, the 
International Civil Aviation Organization; and the Intergov- 
ernmental Marine Consultative Organization will be given con- 
sideration. These international organizations are using a 
combination of SI metric, non-SI, metric:; and, customary units. 

It is anticipate'd that ,the same metric units even- 
tually will be used in the Federal system; but until fnter- 
national agreements are reached for aviation and interna- 
tional marine -purposes, current units will continue to: be 
used as follows. ,Visibility will be expressed in miles; 
wind;speed, inlknots; he"ights- for aviations, infeet; pressure, 
in millibars; 'and altimeter settings, in inches of mercury. 

One metrication problem in aviation is the cost of con- 
verting instrumentation. 'Metric units can&t be.us.ed before 
the instrumentation is converted without increasing safety 
hazards. The National Weather Service estimates that it would 
be 1985 before general aviation could be converted. (See 
ch. 15 for a discussion on aviation.) 

,, " 
COST AND BENEFITS 0F:CONVERSION " 

The National Weather Service, being .basically. scien- 
tific-and used to working with-both metric and-customary 
units, can easily convert from:one to the,other. It has been 
making conversions: in reporting to the public,. aviation, 
marine sectors, and world weather organizations; and it will 
continue to do so. 

The Weather Service officials saw no great short-term 
benefits from the planned conversion. In the long run they 
expected some benef.its for the Service through the use of a 
consistent measurement system. With respect to the general 
public, they saw benefits from the conversion of wea,ther re- 
porting as arising only as part of an overall conversion to 
the metric system which they .conside.red to be a simpler 
system. 

Federal 

Most of the Weather Service's equipment is in conven- 
tional units and would eventually have.to be. replaced with 
metric equipment. However, through the Weather Service's 
1979 budget, no funds have been requested.forequipmen.t 
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replacement. The Weather Service estimates that it will cost 
about $3 million to retrofit observation equipment; i.e.,-re- 
place readouts, dials, scales, etc; and purchase some new 
equipment. In some instances, it will have to replace items 
before they are fully depreciated because the -equipment ,and 
readouts must be consistent. The Weather Service officials 
were unsure what assumptions were,made in arriving at this 
figure, but assumed it represented the total conversion cost. 

Thus far, the Weather Service has been talking about 
language changes only. It has not considered going-back and 
replacing equipment now in service. This could be costly. 
The current policy is to purchase all new equipment that has 
a life cycle of 5 years or more with metric or dual readouts 
if the cost of such equipment does not exceed,the'cost of 
equipment with customary readouts. According to the Weather 
Service, the cost of metric equipment has been the same as 
the cost of customary equipment. 

The Weather Service's Equipment Development Laboratory 
has implemented a metric -mechanical engineering drafting 
policy. The policy, which became effective January 1, 1977, 
calls for all drawings, sketches, and illustrations to be 
dimensioned-using SI; no dual dimensions will be used. All 
ongoing-projects will be finished using customary units, and 
no completed jobs wili be redone in metric. 

Industry 
,' 

I 

1 Manufacturers of weather instruments generally have ,been 
exposed to me,tric. According to one manufacturer, the indus- 
try has been supplying weather equipment to'-the United King- 
dom and Canada for about 10 years. Many companies are pro- 
ducing equipment with'dual scales at little'or no additional 
costs. The time and temperature signs commonly seen at banks 
have in many cases beer-~-converted to,readout in ,both'Celsius 
.and Fahrenheit. The cost to convert these signs is relatively 
small. The main concern of the manufacturers, however, is 
that adequate lead time be given for conversion and that the 
acceptable units are clearly stated. 

Public 

The Weather Service has not estimated the cost of metri- 
cation to the public because it believes 'there will not be 
much cost. The Weather Service believes the public will 
buy,some new equipment, such as thermometers, as the result 
of conversion; but does not believe the purchases will be. 
extensive. Rather, it believes the public will use conver- ' 
sion charts or overlays to convert the scales on its present 
equipment. We are not as sure as the Weather Service that" 

-2 
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ANTITRUST.LAWS--A CONCERN I'N SOME FIRMS 
,), : 
Various officials believed there>was danger that 

actions taken to.reach agreements for orderly-industry con- 
vers-ions could be interpreted as being antitrust in nature, 
subjecting participants to lawsuits by those who believed 
they were harmed., 'Some officials believed metric conversion 
activities should b.e exempted from the Sherman An.ti-Trust 
Act':s provisions. Other officials, however,:did not believe 
metrication activ-ities would subject theair firms to the pas- 
sibility of antitrust suits. 

When .the Congress; was considering legis~latiori on con- 
verting the United States to the metric system; it:-consid- 
ered including provisions to provide indust'r"ies immunity: 
from the antitrust laws for their activit,ies of informing 
and advising the U.S. Metric Board on conversion plans. But 
the Metric Conversion Act of 1975 enacted by the Congre'ss 
does not contain any-provisions which give participating 
companies immunity from the antitrust laws. Firms, however, 
should not presume that participation in the metrication ac- 
tivities contemplated in the Metric Conversion Act will nec- 
essarily constitute an antitrust violation. 

On the other hand, because adoption and implementation 
of anindustrywide conversion plan may reguire consultation 
and collaboration among~competitors, metrication activities 
do provide competitors an opportunity to engage in restric- 
tive or anticompetitive practices that may violate the anti- 
trust laws. Antitrust pr-oblems could arise if dominant mem- 
be,rs of an industry seek to drive smaller competitors out of 
business by imposing standards that smaller businesses cannot 
afford .o~r by adopting anunreasonably short conversion period. 
Thus, industries thatare contemplating conversion to the 
metric system should not'ignore antitrust considerations. 

The Department of Justice' Antitrust Division ha:s advised 
business that when proceeding with plans to convert to the 
metric system, the following precautionary measures are rec- 
ommended. 

--Consult counsel. Interfirm conversion activities 
should not be undertaken without the advice of legal 
counsel. 

--Consider consulting with the Department of Justice or 
the Federal Trade Commission on the proposed course of 
action for evaluation of the conformity with antitrust 
laws. 
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contacted the media, which it feels.represents:the public 
because the media is the public's source for weather infor-. 
mation. Accordingly, on October 17, 1977,.the Weather .: 
Service and ANMC signed an agreement to have ANMC, with, 
the aid of the National Association of Broadcasters, survey 
st,ation owners and managers concerning th.e Weather Service's 
plan. 

*With respect to obtaining public comment, Weather Service 
officials informed us that they believed -their ac:tions--dis- 
tribution of the plan to the media and holding the public 
hearing --were adequate. Thqy saw-little to be g~ained from . . 
holding additional.hearings:or.conducting more opinion sur- 
veys. They recognized, based .on surveys done :by others and 
the public response resulting from mediatreporting o,n the pr.o- 
posed plan, that the public was not favorable toward metri- 
cation. However, they believed the important question was 
whether the public would accept metrication with reasonable' 
ease after a publiceducation-prog.ram, after some exposure ,to 
metrication, and after it was clear that the Nation was moving 
toward metrication. This question,;they believed, could not be 
answered through hearings or opinion surveys. Therefore, in 
keeping with their opinion that a national decision had been 
reached to convert to the metric system, the Weather Service 
proceeded with the dev,elopment of the plan for conversion,. 
To do.otherwise, they believed, would have been irresponsible. 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The Weather Service's proposed plan to convert weather 
reporting to metric units points out a weakness in the theory 
tha.t metric conversion can be voluntary, particul,,arly for the 
individual. If the Weat,her Service does convert, the public 
will have litt,le choice but to.learn and.use metric units. 

If ~the Weather Service does not convert,. then those 
segments of the public that want to receive metric weather re- 
ports will not receive them. If the Weather Service chooses 
to report in both metric and customary units, it could un- 
doubtedly receive opposition from the news media as it did 
in the past, 
it --metric, 

even though the media can choose how they report 
customary,. or both. 

The actions of one organization which, in effect, force 
metrication on others is not unique to the Weather Service 
or to certain other Federal agencies. The same situation 
can occur in the private sector when a major firm decides 
to convert to metrics. This decision may force some of its 
suppliers to convert also. 
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.. Because;the role,-of Gove,rnment agencies, including,the 
Weather Service,.is not set forth in the MetricConversion. 
Act of 1975 or ,its legislative history, each agency deter- 
mines its own:course of action in converting.., We.believe 
the Congress ,or the executive branch shouldi..establish what 
the role of Government-agencies, if'any, will be in con- 
version. As one Weather Service official said, an explicit 
policy to go or not to go metric would help. 

" From the evid.ende! presented by the ,Weather'Service::and 
others, particularly with respect to benefits, we believe! 
that ,in.thexabsence of a clear public demand.or a national ." 
policy tom convert to the metric system, the -reporting of, 
weather data :to .the general public in metric-terms is' not : 
:warrant-d, a!t this :time. i '" \. 

,'. ;, .,, : ., " .,( ,, I : " 
The,..lFederal Government is ,the ,-main 'source- of-weather data, 

and the'Nationa1 Weather Service is the primary,.source within 
the -Federal Government. <The Weather Servide,hasrbeen using,, 
'both customary',and metric te,rms in its .internal, operations-. 
for years,; .therefore,' conversion, ,if it takes place;l;wi‘ll be 
relativelysimple for it. The impact on manufacturers of 
weather equipment, if'given sufficient,le‘ad .time, should be 
minimal. The impact on the public. will be the .inconvenience 
of beconiing~-;familiar 'with--new units; the cost o'f,'educatfonal 
programs,; land the -cost of replacement'-at the individual's 
discretion-- of weather instruments,.such as thermometers. 
Actual experience in Canada showed th'at the,public did buy-new 
thermometers. The proposed plan for public weather reporting 
was generally accepted by those to whom it was presented; .‘how- 
ever, comments received by the Weather Service from the gener- 
al"'public generally were not favorable. 

,,, :, 
Apart from its educational value as 'a method of teaching 

metrics, when and'if the. country converts, conversionof.@- 
lit weather reporting',offers no real a~dvantages to the'public 
and will undoubtedly involve some additional costs. There- 
fore, the public sector should have the'opportunity to comment 
on any proposed plan that would have an impact on them, per- 
haps' through.public hearings in various parts of the country. 
It can best be summed up as one television weatherman asked, 

'. 
"DO we real.ly serve 'the public by'reporting info& 
mation using a system which, while i,t may be more" 
logical and universal, is still unfamiliar, con- 
fusing and resented- by those ‘it is meant to inform 
and serve?" I 
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Recommendation to the,Secretary of Commerce? .." 
:. :. 

,We..recommend that the':Secretary instruct the National -' 
Weather.Service toidelay implementing the proposed plan-for 
metrication of wea.ther reporting,-until there is aclear pub- 
lic demand or a firm national decision to'convert:to the ' 
metric system. 

. ,*. 
AGENCY COMMENTS- :' ' 

A draft of this chapter was discussed with officials of 
the National Weather Service, the National Oceanic and Atmos- 
pheric..Administration, .and the Department of Commerce. These 
off.ic,ials .generally dis,agreed with our recommendation. : -, . 7: !'. ,.. ;., ',. . 

: It was their position:that metric conversionhas been :" 
declared to be, in the best Iinte,re,sts of the Un-ited State,s; (. 
that the Metric Convers,ion. Act'of-y.1975, constitutes;a national 
decision to;convert to the Imetric system;' and 'tha.t the Depart- 
ment is,committed:~to~conversion. : They also bel'ieved, that a _. 
clear public demand for conversion would be,far in the future 
and to wait for this demand would mean conversion would not 
occur.: Acco:rdingly, in keeping, with these viewsi'the Weather 
Service proceeded w,ith the development of the conversion plan. 

.:!., ;.. ; d'. 
By letter date,d May 19; l978,. the Assistant: Secretary for 

Administration, Department, of Commerce, transmitted the Nation- 
al Oceanic and Atmospheric Administration's written comments-'on 
our draft report. It disagreed with our recommendation and 
stated the following: 

"NOAA [National Oceanic and Atmospheric Administra- 
tion] does not see a justification for this recom- 
mendation. No national decision beyond the Metric 
Conversion Act of 1975 is anticipated or foreseen, 
nor is a 'clear public demand' likely to arise in 
the foreseeable future. To wait for either of 
these conditions as the draft report proposes would 
constitute unresponsiveness toward the Metric Con- 
version Act of 1975, which was passed without a 
clear public demand." 

The Atmospheric Administration also stated that the 
act constitutes a national decision to support increased 
use and understanding of the metric system. According 
to an official this view is more in tune with the intent 
of the act than the view held while developing and promoting 
their plan. The Atmospheric Administration now interprets the 
act as being stimulative and encouraging metric conversion. 
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The Atmospher>c Administration further stated that-the 
Weather Service always intended and still intends to submit 
their plan for metric weather informati,on to the Department 
of Commerce.and,to the U.S. Metric Board for comments, 
suggested changes, and approval. They established a tenta- 
tive schedule for internal planning purposes to avoid long 
delays once the above coordination has been completed and to 
be more responsive if users, such as the media, request that 
weather information be provided them in metric units. 

The act does not provide a national commitment to convert 
to the metric system 
encourage, advocate, 

,, nor does it intend that Federal agencies 
or compel metric conversion. It does not 

stipulate wheth,er,the customary 'or metric system should be the \ 
predominant,measurement sys.tem for use in the United States. 
The act and its legislative history-show the national policy 
is not to prefer one system over the other but to provide for 
either to be predominant on the basis of ,the.voluntary actions 
of those af,fected. 

/ 

The voluntary aspect is particularly importantwhen a 
Federal, State, or local government agency voluntarily takes 
or proposes metric conversion actions-which change the meas- 
urement system used by large portions of the general public. 
Thus, the,voluntary decision by Government, in effect, becomes 
mandatory on the general public. 
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CHAPTER 29 

CONVERSION WOULD.-HAVE.WIDESPREAD LEGAL IMPLICATIONS 

MANY LEGAL REVISIONS WOULD BE NEEDED 

Many laws, regulations, ordinances, and,codes at.all 
levels of Government contain measure-sensitive provisions. 
These include: laws, 'such asthose governing the speed limits 
on our roads and highways, the terms and conditions under 
which consumer products are sold, building codes,. freight 

' tariffs, and taxes based on the measure of various products. 
Metrication would require the need to review them to determine 
exactly what changes would have to be made in order to adopt 
the metric system. 

For example, the metric equivalent of the 55-mile-per- 
hour speed limit is 88.5 kilometers an hour. If highway 
speeds are ever converted to metric, the 55-mile-per-hour 
speed limit would most likely be converted to 90 kilometers 
an hour. Conversion of highway speeds would also involve the 
need,to coordinate the conversion of other Federal, State, and 
local government traffic enforcement laws. (See ch. 10.) 

State and local government building codes are another 
example. It is,likely that a building code that now re- 
quires an 8-foot minimum ceiling height (2,438 millimeters) 
would be converted to prescribe a minimum ceiling height 

.of 2,400 millimeters. Factors, such as the sizes of paneling 
and,lumber, would need to be considered before changing the 
codes. (See ch. 16.) 

The U.S. metrication policy provides for voluntary con- 
version to the metric system. Under this policy, laws and 
other legal requirements will be converted as the legisla- 
tive and administrative organizations see the need to con- 
vert. However, conversion actions which are voluntarily made 
by government may not result in conversions which are volun- 
tary for society because if a government converts a provision 
to metric, its use may become mandatory for others. 

Confusion could occur and the position of government 
could be viewed as inconsistent if some legal provisions are 
converted and others are not. In some instances governments 
may be able to show measurement-sensitive provisions in both 
customary and metric measurements as an alternative. 

Since government laws, regulations, ordinances, and codes 
affect so many of the activities undertaken by businesses, any 
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changes should be coordinated wi.th the.conversion activities 
of the industries affected. Care would be needed to ensure 
that uneconomical'conversions are'not forced--on industries 
by ,legal changes which would require sector.s to convert and 
that,the health and safety,of th.e public would ,not be e,ndan- 
gered by the changes. For example; the Federal Aviation Ad- 
ministration recognizes thatair safetycould be j'eopardized 
during ,.a convers,ion. Befor.e-it would convert its air iopera- 
tions regulations, the impact of conver,sion would require 
indepth. system.analyses to ensure that.the..safety of airline 
passengers and crews is protected.. (See ch. 15.) '1: : 

., Searching ..th,e ,laws.,! ,regulations,: and othe.r le.gaLbita- 
tions to, determine the ,measurement-sensitive ,pro.visions 'would 
be a'formidable itask.. However, th;e task ,may.be. eased to the 
extent that the citations..ne,eding.change .could.be identified 
using computer systems. Se.vera.1 computerized,retri,eval sys- 
tems. exist which contain, laws, regula,tions, and other legal 
referenceg. For instance;, the,U.S. Air Force operates a I,,; 
computerized. legalresearch~ service.which can locate refer-, 
ences to.terms, such as meter -and foot, that,are in the .U.S. 
Code, the Armed. Services: Procurement Regulation, and other 
legal sources. Also ,.several firms,have th,e capability of 
retrieving various types of legal data. But search of much 
material may have to be, done,manually. 

, 
Oneof the ascribed 'benefits of metricati.on is that.it 

causes 'organizations tp take a, new, and critical., look at their 
activ'ities ,an,d to make ,o$her.Idesi,rable: c.hanges, such. as re- s 
vising or,deleting.things which have become obsolete, but 
metrication is..not necessary to make such changes.. Critical, 
revi.ews would need tp' be made o:f. lega. provisions before. con' 
ve.rting .them to,metric, in- order to achieve this,potesntia-l 
benefit. Because,the .United-,,Stat.es does not have a firm -Gov- 
ernment comm..$tment, to conver:t .an.ddguidance‘ has not been pro- 
vided to Government agencies by the Office of Management and 
B,gdge t , no,coordinatedJeffo,rt:has.b.een undertaken to determine 
the legal changes .that a ,metric conversion would entail and 
whether,,bene.fits,couJd be achie,ved. :I .- 

/. 
Governments in several other countries have established 

a firm commitment to convert to th,e metric ,syste.m. (See ch. 
30.) In. carrying out this commitment, they undertook, pro- 
grams to convert the measurement-sensitive provisions in 
their laws. For instance, the Canadian Government plans to 
enact four. omnibus lawsto change the measurement-sensitive 
provisions in its laws: The first omnibus law,.which was en- 
acted in August 1977, covered measurement terms used in pack- 
aging and labeling consumer products, bulk grain activities, 
and retail scales. This technique streamlined the process of 
amending measurement-sensitive laws. 
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ANTITRUST.LAWS--A CONCERN I'N SOME FIRMS 
,), : 
Various officials believed there>was danger that 

actions taken to.reach agreements for orderly-industry con- 
vers-ions could be interpreted as being antitrust in nature, 
subjecting participants to lawsuits by those who believed 
they were harmed., 'Some officials believed metric conversion 
activities should b.e exempted from the Sherman An.ti-Trust 
Act':s provisions. Other officials, however,:did not believe 
metrication activ-ities would subject theair firms to the pas- 
sibility of antitrust suits. 

When .the Congress; was considering legis~latiori on con- 
verting the United States to the metric system; it:-consid- 
ered including provisions to provide indust'r"ies immunity: 
from the antitrust laws for their activit,ies of informing 
and advising the U.S. Metric Board on conversion plans. But 
the Metric Conversion Act of 1975 enacted by the Congre'ss 
does not contain any-provisions which give participating 
companies immunity from the antitrust laws. Firms, however, 
should not presume that participation in the metrication ac- 
tivities contemplated in the Metric Conversion Act will nec- 
essarily constitute an antitrust violation. 

On the other hand, because adoption and implementation 
of anindustrywide conversion plan may reguire consultation 
and collaboration among~competitors, metrication activities 
do provide competitors an opportunity to engage in restric- 
tive or anticompetitive practices that may violate the anti- 
trust laws. Antitrust pr-oblems could arise if dominant mem- 
be,rs of an industry seek to drive smaller competitors out of 
business by imposing standards that smaller businesses cannot 
afford .o~r by adopting anunreasonably short conversion period. 
Thus, industries thatare contemplating conversion to the 
metric system should not'ignore antitrust considerations. 

The Department of Justice' Antitrust Division ha:s advised 
business that when proceeding with plans to convert to the 
metric system, the following precautionary measures are rec- 
ommended. 

--Consult counsel. Interfirm conversion activities 
should not be undertaken without the advice of legal 
counsel. 

--Consider consulting with the Department of Justice or 
the Federal Trade Commission on the proposed course of 
action for evaluation of the conformity with antitrust 
laws. 
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--Subject pro,posed standards or conversion schedules to 
the scrutiny of a wide cross section of interested 
persons. 

--Work with the U.S. Metric Board., .d 

--Industry conversion standards should provide for 
gradual conversion with consideration given to the 
needs of small business. 

--Conversion standards and timetables should be volun- 
tary? 

Determinations of antitrust violations are made by the 
courts on a case-b.y-case basis and ,frequently entail compl.ex 
economic- analyses of par titular industries. It is virtually 
impossible to describe with any degree of specificity the con- 
version-relat,ed ac.tiv,ities that may create antitrust problems. 

In determining. whether the antitrust provisions of the 
Sherman Act have been violated, the courts apply two basic 
.standar,d,s d.e$endi.ng on the type of anticompetitive behavior 
involved. In’most’~$ases the “rule of reason” is applied under 
which the courts consider all pertinent facts and circumstan- 
ces surrounding a particular restraint of trade to determine 
whether ,the restraint is reasonable. 

‘. 
The second ledal standard applied is the “per-se rules.” 

These apply only to limited types of anticompetitive behav- 
ior--mosf’notably,; price-fixing, group boycotts, tie-in sales, 
and market allocations. In these cases it is not necessary 
to demonstrate the unreasonableness of the restraint of trade 
through a detailed analysis of the restraint and the industry 
involved. . 
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,CKAPTER 30 

LESSONS LEARNED BY FOREIGN COUNTRIES 

At the time the International System of Units was 
adopted, the principal countries not using some form of 
the metric system were the,British Commonwealth and former 
Commonwealth nations and the United States. These countries 
had not converted to the metric system because they had an 
established uniform system of weights a,nd measures within 
their countries and most of their trade had.,been with',each 
other. Some of these nations--Australia, Canada, New Zealand, 
and the United Kingdom-- since that time have converted or are 
in the process,of converting to the metric system. , 

,Regardless of the differences in physical and economic 
characteristics and types of.governments between t,hese coun- 
tries and the United States, each country's metr'ication ex- 
perience can provide valuable assistance if the United States 
decides to convert. These experiences have shown that the 
following principles should be adopted if the United States 
converts to a predominantly metric system of measure in an 
efficient manner. 

--A firm Government commitment to convert is necessary. 

--A central body should be established early to plan 
and coordinate the conversion and inform the various 
sectors of the economy and the public of metric ac- 
tivity. 

--A well-developed plan and effective coordination by 
industry and all sectors of the economy must be ac- 
complished. 

I 1 

--A voluntary conversion must eventually become man- 
datory through laws and regulations, etc., in order 
to complete the metrication program. 

--Overall and specific target dates must be used. 

--The public must be adequately informed and educated, 
and responses must be made to consumer concerns be- 

. cause conversion of the retail sector is most diffi- 
cult. 

--Letting costs lie where they fall can be adopted in 
whole or in part. 

--Government purchasing power can be used to propel the 
conversion. 
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--The conversion of certain sectors; such as.sports and 
weather forecast, can aid in metric education. 

--Periods of dual,marking should be kept to a minimum. 
, 

--Hard conversion of.products ,is more desirable than 
soft conversion whenever practicable,to obtain bene- 
fits. 

We reviewed the four country's-metrication efforts on the 
basis of ,information provid,ed by its metric boards or commis,- 
sions, and each country's officials reviewed our summary.of 
its experiences and,less.ons. The data we, obtained was not, 
evaluated in detail for its validity. In addition, we visited 
the United Kingdom,and'Canada where we me.t with Government .' 
and private industry officials. 

BACKGROUND OF CONVERTING NATIONS , 

Important conversion dates for each country we. reviewed 
are shown in the following table. 

Country' 

Date of 
‘. 

Date metric Target 
decision date of organization 
to convert first met _ complet-ion 

Australia .June 1970 July 1970 1980 

Canada Jan. 1970 Jan. 1972 1980 

New Zealand .Feb. 196'9 Nov. 1969 1976 

United Kingdom May 1965 May 1969 1975 

New Zealand has met its target date and Australia is 
moving on schedule. 
made in Canada, 

Although metrication progressis being 
it is uncertain whether its target will be 

met because, among other things, certain elements will have 
to be coordinated with a U.S. conversion. The United Kingdom 
did not meet its target date of 1975; it will be sometime 
in the early 1980s before its conversion will be completed. 

These countries began converting principally because of 
international trade. The United Kingdom's conversion, which 
began a chain reaction of other countries, was influenced by 
the amount of trade it was doing with metric countries, espe- 
cially the members of the European Economic Community which 
it later joined. Each country believed the others were going 
to convert and therefore, the international trade reason 
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became more important to them. ,Also,,each country was trad- 
ing more with other metric countries. 

There is a difference be-tween- these countries'and the 
United States in the area of trade and its relationship to 
the countries' gross'national product. 'For example, the 
United- Kingdom's and Canada's exports represent about 20 and 
18 percent of their gross national product, respectively; 
while exports represent only 7 percent of the U.S. gross na- 
tional product. Therefore, international'trade is more im- 
por.tant to these countr'ies' economy'than for the United 
States. This i's notto minimize the importance of U.S. trade 
because it~is important; ,Hotiever, it appears.that an inter- 
national common measurement system woulh,be less important 
for &the United States. 
ch. 4.) 

(International trade is discussed,in 

Further, population, land mass, .and‘ economic status af- 
fect other countries' metrication and have to be consid,ered 
in reviewing their experie&es. Basically,' the United States 
.has a larger population and economy than the other countries. 
However, we believe that these'differences do not make the 
lessons‘learned invalid for the United States. The table be- 
low shotis some physical and economic characteristics of these 
countries and the United States. 

New 
Characteristics / Australia Canada Zealand U.K. U.S. 

Population (in 
millions) 14 22 3.1 56 216 

Area (square miles) 2,900,000 3,851,809 103,736 93,026 3,628,066 

Gross National Product, 
(in billions of U.S. 
dollars) (note a) $89.5, : $179.3 $11.6 $214.5 $1,594 I 

Exports (in billions of' ., 
U.S. dollars) (note a) $11.6 $31.9 $2.2 $43.9 ,$106.2 1~ 

Exports (as a percent: 
age of gross national 
product) 13% 18% 19% 20% 7% 

Imports (in billions. of 
; U.S. dollars) (note a) $9.8 $34.3 $3'.2 $53.3 ‘$103 c 

a/Latest available information for all countries is dated 1975. 
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Another difference,between,these countries and the 
United States is the type of.governments. .Basically, the. 
for,eign countrie,s have a parliamentary type of government in 
which the executive is- also the leader of the legislative 
branch. Two of the foreign countries only had to change na- 
.tional laws to effect metrication. Australia, with. six State 
governments,. and Canada,.with ten Provinces, had to change 
some local laws... The changes.appeared to be well coordinated. 
The United States has a Federal Government and 50 State gov- 
ernments. Metrication would necess.ita.te revisions i,n the 
laws of. each of. these-government entities. Because-,of the 
d,ifferences in government, the other countries' decisionmak-ing 
process, including changes to laws, regulations, ordinances, 
and codes, is less complex- thanthe United States.. ,, 

LESSONS CAN BE LEARNED FROM FOREIGN 
COUNTRIES' EXPERIENCES -; 

The United States canlearn from the metrication e,xperi- 
ences of other countries. Because the United Kingdom is 
closer to the United States in population and gross national 
product than the other countries, it probably ser.ves as a bet- 
ter country to study metrication. Unfortunately, some of the 
mistakes made in the United Kingdom may be made in, the United 
States if the United States is to become predominantly.metric. 

Also because Canada has both Federal and local laws and 
regulations., is adjacent to the United States, and is awaiting 
U.S. conversion in some sectors, special consideration should 
be,given to the lessons learned from its conversion. There- 
fore, in discussing the various lessons iq this section of 
the r,eport,, we will highlight the experiences of the United 
Kingdom and Canada and generally discuss the other countries. 

A firm Government commitment 
on metrication is essential 

,The Government's c0mmitmen.t to metricate must be clearly 
understood. If a,metric ,conversion is the. country's goal, 
then the Government's -policy ,and actions must support it.. 
This firm commitment.is the principal lesson on which the 
other lessons are base,d and the four countries agreed that it 
is the underlying necessary principle o.f metrication. Bas- 
ically, from our overview of foreign countries' experiences, 
we found that converting with minimum problems r~equires this 
firm Government commitment. It is not just a policy; it in- 
cludes establishing and supporting the Government's metric 
board or commission, taking action when necessary to provide 
for conversion in private industry, establishing an overall 
date and specific target dates, and gaining the willingness of 
Government agencies to support and participate in metrication 
efforts. 
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E.ach foreign country's policy statement took the'position 
that the metric system would be the predominant or'sole sys- 
tem of weights and measures. These countr.ies' policy state- 
ments als'o contained the word'voluntary, like the United 
States. -However', voluntary conversion in .these countries 
meant that the various sectors would voluntarily agree on how 
and when to convert within the overall target date and goal 
of the country. The governments' .policy statements and ac- 
tions had been interpreted in Australia and New Zealand as" 
firm commitments to- convert. The United Kingdom's policy and 
actions'were considered to be a weak commitment to convert; 
and Canada's falls somewhere in'between-. 

We believe that the,delays and probl‘ems,that occurred in 
the United Kingdom's conversion can be somewhat attributed to 
the lack of an initial firm Gove.rnmen‘t com.mi'tment. The manu- 
facturing industry, which basically supported the conversion 
policy, started.to convert; and education converted. Hut, the 
ret,ail industry and the'government agencies took only limited 
actions to convert. 

However, in1976 afte,r 11 years of conversion activity, 
the United Kingdom'.passed the 1976 Weights and Measures Act 
to compl.ete the conversion,. The 1963 Weights and Measures 
Act, which establishe-d quantity reguirements for prepackaged 
retail products in the United Kingdom, stated that both metric 
and imperial systems were legal, but 'contained a section--l0 
(lo)--whereby the Government could not take any administrative 
actions to'prevent the use.of imperial units in trade,. As 
it turned out, this section became a major roadblock to com- 
pleting.-metrication because it stated, in effect, that the 
Government did not have the power to require metric units 
only r and thi's included the important retail market. Finally, 
the Weights and Measures Act of 1976 repealed this major 
legal obstacle to orderly complet,ion.of metrication in the 
United Kingdom. ' 

Of equal importance to the metric program, the 1976 act ,, 
authorizes the Government to set dates, after due consulta- 
tion with those affected, from which time on only metric 
units will be used. ,This was to be done through'Government 
orders which had,'to be approved by Parliament. There are 
two statutory restrictions on the use of these powers: 

--The mile, foot; inch, gallon, and pint may not be made 
totally unlawful but the act doeslprovide that their 
use, as well as the use of other imperial weights and 
mea,sures in particular sectors, may be.'phased out. 



--Cut-pff dates cannot be :establis.hed '.befo$re April 21, 
1978, for imperial packs. of 'tho'se goods which,:when: 
pr'epacked, can be made 'up for'retail sale only in pre- 
scribed quantitie:s. 

.; 
In addition, the British Government stated that imperial 

units will be authorized in the. retail sec,tor where foods are 
weighed out .in,front 0.f the customers until at 1east.Janua;r.y 
1, 1980. .. 

Orders for ,nonpackaged goods,] such. asp. lo.ose- fruitsand 
vegetables, hardware, textiles, and floor coverings,.were not 
approved in 1978 because of public opposition. It has been 
reported that!the Governme.nt has.abandened.:further orders 
which, are mandatory,' These:orders twould have enabled the: 
Government to.essentially complete the conversion in the ,, 
retail sector within. a few years. It is uncertain what 
effectthis:decision will ,have on the United Kingdom'.s con---, 
version.program, but itindicates there is still a lack of 
a firm government commitment. i 

Other foreign countries established tha,t the voluntary 
conversion.meant that the country was to be predominantly 
metric and each converting sector of industry, Government 
agencies, and the general public were to arrive at a plan or 
specific date to convert voluntarily. In these countries 
firm commitments were made much earlier,than, in the United 
Kingdom. Therefore, they were able to convert .in a relative- 
ly shorter time frame. 

The United States has not taken a policy position on 
what system is to be predominant. The Metric Conversion 
Act of 1975 did .not provide a 'firm national commitment to 
convert to the metric system. It did not stipulate whether 
the customary or metric system should be the predominant mesas- 
urement system for use in the United States. The act and 
its legislative history shows the national policy as not to 
prefer one system over the other but to provide for either 
to become predominant on the basis of the voluntary actions 
of those affected. 

A separate metric organization 
needs to be established 

‘. 

All the foreign countries established metrication boards 
or commissions for the primary purpose of planning and coor- 
dinating their conversions to a predominantly metric system 
of weights and measures, 
needed. 

and it seems that such a body is 
The metric organization gave each country a central 

focal point for metric activity. Basically, all of the boards 
had the power to recommend actions, but none had the power 
to force the conversion. 
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The United,-Kingdom announced its metric conversion in 
1965 .but did not establish a metrication board to;plan and co- 
ordinate the conversio.n until 1969;, From 1965;to: 1,969.the 
British Standards Institute coordina,ted the voluntary metric 
conversion in sectors of industry. 

Other countries established their metric organizations- 
ea.rly in the conversion process. One ,month after Australia ,' 
enacted its metric legislation, the metric board had its 
first meeting. In New Zealand the metric board had its 
first meeting ,lO 'months after the decision to convert .had 
been made. ,. 

..,'I ':, I .: . .-,. ., :' . . 
The Metrbic Conversion Act of 1975.provides for a U.S. 

Metric Board to coordin,ate:thevoluntary use of.the -metric 
system.! When 'an' industry, a firm within a group of indus- 
tries, a Government agency, a local government, or any other 
e,ntity wants to voluntarily corxvert, the U.S. Metric Board.,is 
to aid in planning and coordinating the conversion efforts. 
However, the Metric Board had not,become fully operatio'nal 
at the time this report went to print, more than 2 years after 
passage ,of the act. :,. " - 

Cost of operations 
,, ,. 

Below we have presented- a breakdown of metric 
organizations' cost for both the United Kingdom and,Canada. 
These costs show the staff and money required for this .1 
planning and coordinating function. ~I 'i 

In 1977 the United Kingdom's.Board had a full-time staff 
of 48, -down from a 'peak. of 70 in 1971. The costs of the. " 
British Metrication Board since~caiendaryear 1969 are pre- sented-in the following'table. f 

: 

I' 9 mo. 
ending 

Dec. 31., 
Expenses 1969 1970 1971 1972, pl3 1974 1976 - 1975 ., -. 

----------------------------------------~,,.9. dollars)--------------------------------------, 

Salaries $129,060 $297,600 $ 397,720 $ 487,500 $ 460,660 $ 446,940 $ 630,480 $ 532,800 

Administrative 
" eXpC?flS.eS 7,170 40,800 46,360 67,500 :71,050 56,166 77,700 90,000 I 

Accommodations 
and rates 121,890 180,000 185,440 2ll5,OOO 203,350 208,260 295,260 325,900 

consu1tancy 
contracts 52,800 9,760 7,500 75,950 18,720 44,400 

Publicity I 126 670 276,000 424,560 845.ooo _ . 850,150 ____ 802,620 ---- l,llO,OOO 1,323,OOO 

$384,790 
--- 

Total $847,200 $1,063,840 $1,612,500 $1,661,100 $1,532,700 $2,157,840 $2,271,660 - - 
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- 
The Metric Commission Canada has 89 full-time staff 

members and about a $5.5 million budget for 1977-78. The 
costs of the Commission for 1971-72 through 1976177 are 
presented in the following table. ., .- 

Expenses 1971-72 1972-73 1973-74 1974-75 19.75-76 1976-77 

-----------------------------(in u.8. dollars)----------------------- 

Management $33,428 $222,236 $. 309,941 $ 375,961 $ 151,312 $ 194,021 
Research and 

planning 5,803 32,852 130,651 247,630 368,57; 614,383 
Information 284 116,357 741,447 f,439,356 1,660,708 i, 2,764,471 
Engineering -: ,. , 

industry plans 3,053 109,870 253,735 375,417 474,222 635,795 
Industry and 

' service plans 1,526 54,937 '155,018 248,419 280,476 : 553,076 
Intergovern- 

mental 
Total 

-- 314,482 465';004 
8.445094 ----T-- $536-252 $1,590,792 $2,686,783 $3,249,778 $5,226;750 

_’ 

Organizational structure -- 

Each foreign country organized its'board or commiss'ion. 
a little differently. However, one approach was a three-tier 
organization--board, overall sector committees, ahd subsec- 
tors committees-- with full-time support staff to accomplish 
and aid the detail planning and coordinating of various set-: 
tors of the economy. Australia, Canada, and New .Fealand had 
this three-tier organization. Eac,h established ,major commit- 
tees for an industry or sector; then within these committees, 
the sector was br0ke.n down or divided into manageable compo- 
nents where the planning and coordinating took plac'e.. For 
example, transportation was a major committee or sector with 
subcommittees or subsectors for air transpdrt’,, raiT;transport, 
water transport, road transport, etc. The United Kingdom's 
board did not have the smaller organizational levels. 

In Australia:the Metric Conversion Board.consisted of 13 
members drawn from all States with experiences in many sec- 
tors of the economy. Each advisory committee (an overall 
area) was chaired by a member of the board. Then sector com- 
mittees (levelsswithin the area) were established under this 
advisory committ,ee. Members of.all committees were ,nominees 
from appropriate organizations, national associations and 
institutes, and Government departments. 

The following is an organizational ch.art of Australia's 
Metric Conversion Board showing this three-tier approach and 
committee structure. 
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Metric organizations can provide effect,ive 
planning and coordination '. ( ,, 

Each country's metric organization is responsible for 
coordinating and/or planning metric conversion. 'The Metric 
Commission Canada has established a detailed planning network 
and-developed guidelines which must.be followed by all of its 
sector committees,in planning and coordZinating.t.heir, conver- 
sion. The Canadian p1annin.g functi0.n: appears to be very de- 
tailed, and officials of the Metric Commission Canada advised 
us that, for the type of economic structure in Canada and the 
United States, 
every.sector. 

they felt 'a detailed. plan,was necessar,y in 
Also,~ the .Canad.i.an- Commis.sion.,,has .committees 

to: coordinate the Federal Government's;,depart.ments and agen- 
cies and the Provinces! laws and agencies. 

The ,Metric Commission Canada approached its metric con- 
version task a-s a four-phase,program: 

--Investigation phase. Each industry or occupation is 
researched.to define th.e most appropriate metric units, 
metric standards, and ra,nge of.metric prod.uction.sizes 
or quantities to be used. > ., 

--Planning p hase. -r The sequence of events and the time 
needed ,for this conve.rsion proces,s, in each sector are 
determined, and these tentative, e,stimates are coord,i- 
nated with the-requirement estimates of suppliers and- 

, customers. 
*’ 

--Scheduling phase. A timetable is developed for each. 
industry and field of endeavor so that it can be coor- 
dinated with the other sectors--within the ove,rall tar- 
get date determined by the,Metric: Commission. 

--Implementation phase.: The final stage where each sec- 
tor and individual organizationimplements the,plans 
laid according to the schedule. Implementation was 
proposed to start in 1975,, increase to a peak in 1973 
and 1978, and be substantially completed by 1980. 

Planning, the second phase in the four-ph.ase program, is 
the key to Canada's metric .conversidn'. .Fach, sector plan must 
follow a detailed network model, developed by'the Metric Com- 
mission with the assistance of management consultants. 

Each sector plan contains: 

--A plan description with associate,appendixes which 
describes wh:at the sector comprises; its approach to 
conversion: its objectives, policy, and strategy; the 

30-10 



nature of any.constraints or dependencies; and the 
present status of the program., ,,. 

--An activity breakdown which identifies the main activ- 
ities in the sector plan. " 

--An activit,y list and associated act-ivity description 
sheets which exp1ai.n the nature of the,activities to 
be carried 'out;giving;objectives and outlining the 
work involved. : 

--A network 'showing the logical r‘elationship between the 
various act-ivities -required. to ach>ieve conver.sion.and 
who is responsi,ble for execution, timing; and:duratio'n. 

'_ '_ 
--A bar chart derived from the network summarizing the 

time span covered. by the major activity areas and 
identifying various key events in the conversion 
process. ;. 

In certain c.ases the plans" narrative may cont'ain addi- 
tional material, such"as lists of standards to be converted, 
legislation to be amended, or products whose availability may 
constrain conversion of the sector. 

After the sector plan" is completed and after discussion 
with related sectors, the secto,r committee recommends,that 
the steering committee concur in it: The plan is then sub- 
mitted to the Metric Commission for review and approval. 
Once approved, the plan is published and made available to 
help the individual companies plan their ownconversions. 

If the United States is to convert, the U.S. Metric Board 
should consider organizing like the Metric Commission Canada., 
It should provide not only industry and retail coordinating 
committees, but also governmental coord~inating committees. 
Even though the U,.S. Metric ,Board was not established, certain 
sectors. of private industry w'ith the assistance of the 
American National Metric Council have begun some planning 
efforts which may be used to #assist the Board. 

A vo'luntary conversion eventually 
becomes mandatory 

sions 
Another responsibility of the metric boards and commis- 

of the foreign countries was to advise the government 
of the need for changes to legislation or regulations to aid 
or complete the conversion. The U.S. Metric Board has the 
responsibility of advising our Government of necessary ac- 
tions. 

!. 

b 
& 

3041 ._ 



As the sectors started converting, legislation, regula- 
tions, or standards required changes. Although the changes 
were made-to permit metr,ic conversion, they provided an ele-, 
ment of compulsion which made'the voluntary conversion man- 
datory. When the various foreign governments' found it neces- 
sary to’amend certain laws and regulations that deal with 
conversion in health and'safety areas, 'conversion became .man- 
datory. For example,' once the change of the.highway signs to 
metric terminology-was decided.,and' the regulations and signs 
were changed, it became.mandatory that motorists use the met- 
ric system. 

" ,. '. ), .c 3 .' 
The fo,re'ign countr'ies had problems in converting the re-' 

tail sector, 'and legislation or government regulations were 
required'to aid this sector's conversion."Two signif.ic'ant--. 
changes made were to (1) require labeling',the contents of pre- 
packaged products in metr'ic 'units, and (2) require the-si.zes ., 
of prepackaged products be changed to even-rounded metric: 
units of weights and'volumes. 'Also, the conversion of the 
retail scales often required new regulations because individ- 
ual retail stores did not want to, convert unless all sto.res 
converted for fear that the store not converting would have a 
competitive advantage. Therefore, these countries established 
laws or regulations which stated that after a certain date 
only those scales which haddbeen converted to themetr,ic sys- 
tern would. be legal for use. .- '. : I 

In Canada the Metric Commission had.recommended that 
certain laws be'amended to change their measurement references 
to the metric 'system. In August-1977 the first of four Iplan- 
ned omnibus bills was passed. The first omnibus bill amended' 
nine Federal acts, such as Canada's Weights and Measures #Act 
and the ConsumerPackaging and Labeling Act. 'However, the 
omnibus act was neither enacted as easily nor as quickly 'as 
had been expected. Further, some metric changes tha,t were 
sought concerning farm legislation were not adopted. To am%nd 
nationai,laws necessary to ea,se 'the metric conversion in the 
United States may also take's considerable amount of time.. ., 

This first omnibus act gives the Canadian Government the 
power to prevent the use of imperial measurement units in 
trade and provides for:the'.Government to (1) set a-date 'after ', 
which a device will not be approved unless it is capable of 
weighing or measuring in metric units, (2) set dates after 
which only devices capable of weighing or measuring in metric 
units may be used in trade, (3) regulate the units in which 
commodities in retail trade-can be advertised, and (4) set 
dates after which traditional units cannot be used in trade. 
Also !the act, removes the requirement for dua,l labeling on 
prepackaged"products. L A statement of net quantity in metric 
units will be mandatory and any other declaration,s will be 
voluntary.- :. 
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In Australia and Canada there are local jurisdictions 
which can.make changes that affect the me.trication effort. 
Some Australian States and, Canadian Provinces did not*enact 
the laws or regulations to,permit conversion at the same time. E L 
In the United States,. w.ith 50 States,' laws. and many ,local 4 ; __ 
ordinances, it would seem that revisions to legislationand 
regulations that are necessary to ease the*conversion.-would f 
be diff.icult and a co.mplex.problem to coordinate. c i 

The United Kindgom took action to complete its conversion 
with the passage of.the Weights.and> Measu,r.es Act of ,1976 
which amo.ng other provisio.nsz,authorized, the Government to 
set dates, after .due consultation with thoseeaffected, from I 
which time on, only metric will be used'. This was to be, 

' done by means of, Governmentorders which had,to be .approved L 
by Parliament. There were some restrictions on,these powers. 

I - E-i izxc 
as previously.discussed in th.is chapter. Basically this 

- k- * 
legislation moved the United Kingdomls voluntary program into 
the manda.tor.y stage in order .to complete its conversion, pro- 
gram. 

> . 
Orders have been,approved by- Parliament fixing dates to 

terminat,e imperial.:guantities for a number of prepackaged 
foods, including sugar, salt, tea, cornflakes,,;biscuits, and 
edible fats. However, orders proposed in 1978 for nonpackaged 
goods, such as loose fruits a'nd vegetables, hardware, textiles, 
and floor.coverings were not approved because‘of' public oppo- 
sition. 1.t has been reported that the Government has abandoned 
its manda.tory conversion program and is rev,erting to its vol- 
untary conversion program. At this time we do not know!what 
effect th,is action will have on the United K.ingdom's conversion 
program, but it is appa.rent that it will be some time before 
conversion is complete.. 

The voluntary conversion became mandatory in'the foreign 
countries because an industry sector agreed to convert; na- 
tional standards, regulations, or laws were revised; or local r 
jurisdictions changed' their regulations and laws. Once a.group 
agreed to convert or regulations were revised to permit or re- 
quire use of the metric system, the individual had no -choice. ,. 

Overall and specific target dates 
must be-used 

All adopted an overall target date for substantial com- 
pletion to a predominant metric system. The United Kingdom 
established a lo-year period for conversion from 1965 to 
1975. New Zealand started in 1969 with a 1976 target date. 
Australia and Canada both made their decision to convert in 
1970 with a target date of 1980. The larger countries estab- 
lished the longer conversion period. 
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To,plan the conversion an. overall target date-was ,estab- 
lishedi Then, as the various sectors of.these countries plan* 
ned for conve-rsion', they established a' spec,ific:date within..: 
the overall target date. The United States does not, have,:'an 
overall target, a fact that may have to change if it is to be 
a predominantly metric country. An overall targe.t .date' 
should be established when a firm comm,itment toconvert is es+ 
tablished.: 'Then the sectors should establish specific dates 
withincthe' overall,target. The United States,xLbecause of its 
charac-teristics,. may need a longer conver,sion period .to becflome 
pr,edominantly metric ,than :these ot.her countries.:',Our:Leview 
showed that the optimum period for 80. percent of t.h,e i:f.:irms :we 
contacted was 15 years. , 4' ;-, 

I_. 
General public educationand the retail 

_, '* '<j ,8X. 
,. . : '. 

trade sector,should not be-neglected j. : ‘.,< : I ,,. : '. ; ., : 
Educating the general public is essential for a success- 

ful conversion to a predominantly-'metric-system of weights 
and .measur,es. Converting .the retail sector s,eemed to ,be. the 
biggest problem in metrication.' 

/ ' 
In'Australia, Canada, and New Zealand, efforts were made 

from the start to keep the general public inform,ed. /Each 
country seemed to have .a little different approach,,but they, 
moved. the retail.conversion along with ,the industry,converz; 
s ion; In the United ,Kingdom where the reta.il sector .was le$ft 
for last, the'consumer 'opposition. seemed to slow down the con- 
version-e.fforts. j 

The Aus,tralian board published, metric handbooksfor var- 
ious sectors ,o.f the economy to alert these secto,rs to 'changes 
affecting themd. The information most widely dissemina-ted was 
a booklet ent,itled,:"Metric Conversion ,and You:" which 'was .'_ 
mailed to ever.yhousehold-in Australia. In creating. metric 
awareness, the. board- :b’elieved it was necessar.y to- have .the:’ 
conti'nu,ing cooperation of the media. From the ‘outset; it 
sought ~to ensure uniformity in ,correct metric usage and. fa,v- 
orable media ,relations by pr.0vidin.g g'uidelines to reporters 
and to news and sports commentators. ,% .,,, 

Th'e Australian Prices Justification Tribuna.1, which 
checks proposed price incre8se.s sought by larger industri.al 
and service enterprises, has reported that metric conversion 
has not been a-significant factor incost incr.eases and in- 
flation. A c‘omparatively small number of s’pecifi-c complaints 
of consumer "r'ip-offs" have been repo'rted to the Metric Con- 
version Board and consumer protection authorities. -With the 
ex,ception of one case of a builder unjustifia.bly a’ttributin’g 

I- 

i 
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r  

'the increased cost,of a .building contract to metric conversion, 
the unfair. prac.tices reported'and investigated were mainly 
the result of human error rather than.deliberate,attempts to 
take unfair advantage during the conve,rsion. ..> 1 ; 

. ‘. 
New‘Zealand's ~Metric Advisory, Board made metric inform- 

':ation readily ava.ilable to the general public. At every post 
office, "Metric Memos" --a series:of 11 pamphlets containinq 
general information..about metrics units. and its uses-Lwer:.e~ 
available. A booklet, "At Home with Metrics," was mailed to8 
every :ho(usehold. Metric information, was published and.dis-8 
tribufed :to; those concerned.,.:.:and the- BoVard:ihadS set up an In:- 
formation and Distribution Bureau for ,handling all- requests:. 
for information. The emphasis was on a gradual metric aware- 
ness and a basic facility in using the metric system. ,.New... 
Zealand's Metric Advisory Board felt that its publicity pro- 
gram was a significant factor in accomplishing the co‘nver'sion. 

_, 
Metric Commis,sion Canada published a consumer, guide, pro- 

v-ided mother ,li.terature, and .advertised th:e conversion., :It in- 
stituted' a practice to review metric products and mate:ria-1, 
when requested as a means to assure uniformity in usage of- 
metric symbols and 'terms. 
rect,metric usage, 

If the m~aterial or product has cor- 
then the Commission's,.logo, ',a stylized. 

m.aple lehf and an M;" is :allowed ,to be placed; on the product 
or the mate.r,ial . 'It .is no.t an endprsement.o,f the. item b.ut 
rather allows the consumer to:identify products .having c.or- t 
rect metric usage.0.r terminology. On.ly that:material. reviewed 
by or under the Metric Commission Canada could, use the l.-;ogo. 

.While the retailers are not in the "vang,uard'! of conver- 
sion,.most Canadian retailers have cooperated'with.the reta,il 
sectors! :over.all conversion plan. ,;: This cpoperation .was ,,co,u- 
pled with 'a: determination to achiev.e metric con.v.er.sionat the 
lowe,st:po.ssib.le cost to customers .and #.themselves i'. The ;intro- 
duction, of metric...sizes at %the retail‘level. was,determined. 
by their suppliers, and took 'into account existing stocks ,pif,., 
imperial sizes,, the availab.ility o,,f product pa,ckag,es or con- 
tainers.;, and timing with other suppliers' intr,oductipn of , 
competing products. 

CanadaI:s conversionof ,c.onsumer products had generally 
gone along rathe,r smoothly, but there hav,e been. a few in:,. 
stances where problems have o,cc-urred. For example,,.consumers 
raised .questions when some retailers sold 2 kilograms (.4,.5 ., 
pounds) of'sugar at the same price that 5 pounds had previ- 
ously been sold. A problem also arose when the conversion 
of, ice c,ream containers was accompanied by an increase in 
price ,because the metric sizes were smaller th,an the compar- 
able imperial sizes. The price increases, however, were found 
to be attributable to pricing errors in some cases due to the 
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similarity in sizes or to overall raw material cost increases 
that were occurring in the dairy industry, not to the cost of 
converting to metric size prod'ucts. The problems that occur- 
red early in the conversion have led to the adoption of guide- 
lines by the food industry. 

In September 1976 nine Canadian associations represen,ting 
the food industry endorsed a ser,ies of guidelines that will 
govern marketing procedures during the food industr'y's conver- 
sion. These guidelines are intended to ease consumer concern 
over possible price increases as a result of metric conversion 
and state, in effect, tha-t the,Canadian food industry intends 
to do everything possible to make the transition as equitable 
as possible for the Canadian consumer. The fou-r general 
guidelines are:' . : :' 

--It is preferable to round up to a larger metric size 
than to round ,d-own. 

--Where there is a change in product size leading to a 
change in product 'cost,' a change in unit price.s,hould 
reflect not more ,than the costof conversion. 

--Other costs, separate and distinct from adjustments 
based on .product size conversioh, will continue to be 
handled as in normal business practice. 

--Information to assist the co,nsumer in recognii'ing ,and 
,understanding ,conversion to different 'metric product 
sizes will be provided by the industry as appropria-te. 

In the United Kingdom government of'ficials, as'well as, 
industrial, retail, and consumer organizations wanted to limit 
the use of a dual system to as short a time period as possible. 
This highlighted the need for sta.tuto-ry cut-off.date's which. 
the 1976 -Weights and Measures Act permits as discussed pre- 
viously. The British Government also promis'ed, during passage 
of this 1976 'legislation, that it wo,uld apply 'adequate consumer 
safeguards about prices and see that adequate information was 
given during the changeover period.. 

1. 
Since the 1976 act, the process of phasing out by law 

the use of imperial units in sectors of trade has begun. Or- 
ders have been approved by Parliamen-t fixing dates to terminate 
imperial quantities for a numberof prepackaged foods, includ- 
ing sugar, salt;tea, cornflakes, biscuits, and edible fats; 
HOwever, orders for nonpackaged goods; such as loose fruits 
and vegetables, meats, hardwares; textiles, and floor coverings 
were not approved in early 1978; It has been reported- that 
the British Government has abandoned its mandatory conversion 
program and is reverting to its voluntary conversion program. 
Thus, the retail sector in the United Kingdom is in a very 
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confused state. Some items are sold in,mandator,y metric 
units, and other items are remaining in imperial units. 

The British Government has *acknowledged that consumers 
fear metrication may be used as an,excuse for unjustified 
price increases. The Department of Prices and Consumer Pro- 
tection's pr,ice contr.01 system exists to prevent unwarranted u 
price increases and has a standing order to keep under con-. 

c 

tinuous review the effect of metrication on retail prices. 
Its,first report, in April-1977i dealt with 12 separate bran- 1- 
ded items of granulated sugar, biscuits, dried peas, and salt. 

~. 

.In six cases the metric pa.ck was better ,value for money,than 
the imperial pack which,it has replaced;. in two ,there was no 
appreciable change in value; and.in the remaining fourcases 
the unit price had increased slightly, but wholly for reasons 
other than metrication. 

1 
A change 'where metrication has frequently been blamed 

I~ I L- 1-2 
for price increases was that of knitting yarn. * The l-ounce 
ball was changed to .25 g.rams (1 ounce =,28.35 grams). This LA 
reduction in size--about 12 perc,ent-- carried nocorresponding t ; 
reduction 'in price, but this was because the world price of E 
wool had increased dramatically in 1972-73. 

E 

.The Me.trication Board's exper.ience*.is that, if informa- 
tion is properly planned and timed, the change tometric pre- 
sents no major problems to consumers. The Board's view is 
that retailers are not looking .for anopportunity to-make con- 
cealed price rises. They want to stay in business and have to 1. 
ope.rate in a highly competitive market. k 

Also the British Government believes that metric . 
information should be,made available at the point and time,of 
purchase. The 1976 act provided the Wetrication Board with 
powers to.enforce the display of certain information. It is 
the Metrication Board's primary responsibility to see that 
the consumers and general public are informed and advised 
about the ,timing of any!metric changes affecting them and 
a.bout the few common metric weights and measures which they 
need to know. In carrying out this responsibility the,Board 
seeks and receives the cooperation of press, broadcasting, 
and trade and industrial;organizations. 

A particular,ly successf'ul change was for cornflakes. 
Metric boxes,were.,first introduced by the major producer in 
November 1975. The development was supported by public. rela- 
tions material prepared and issued jointly by the company and 
the Metrication Board, including a national ad.vertising cam- 
paign' and point-of-sale information. As it happens, pre- 
scribed quantities in the United Kingdom for metric prepack- 
aged products are generally about 10 percent larger than the 

30-17 
*-> 



imperial quantitie.s they replace. Thus metrication involved 
anincrease in the quantity of cereal in e~ach size. The major 
produc,er co,nducted interviews with-housewives and consumer! 
groups and decided to convert voluntarily, provided consumers 
could be shown' that there was no price increase per serving. 

The planwas to retain the same size boxes so th,at no 
extra costs would be incurred in producing .new ones; by shak- 
ing the box while filling it, the company found that it could 
add the add,itional lo-percent'contents. -This was explained to 
the consumer by the company on the box and by the Metrication 
Board in the press.' 

The cornflake conversion was completed by mid-1976 In 
the end consumers paid,only 5 percent more for 10,:percent more 
quantity. Since thensugar and flour have gone:metric. Met- 
ric information was printed,on the.packs of each and supported 
by advertising and consumer personal aids. These changes have 
been accepted without adverse comment from any consumer organ'- 
izationsi and there were very few individual complaints. 

It appears, 
eign countries, 

on the basis of the experiences of the for- 

inantly metric, 
that if the United States wants to be predom- 
the problem of general public education and 

the major task -of converting the retail trade sector should 
not be neglected. 

Government financial assistance 

All countries initially adopted the policy of having 
costs lie where they fall, but some countries revised or 
supplemented it to various degrees in providing some govern- 
ment financial assistii'nce or incentives. 

,Australia adopted the policy that compensation for con- 
version costs would not be provided. However, these tax con- 
cessions were granted which have softened'the impact of con- 
version: 

--Accelerated write off of capital costs incurred as a 
result of conversion. 

--Waived sales tax on metrYc conversion kits required to 
convert equipment used for business purposes, 

--Waived import duty of conversion kit. 

Also, the Australian Government has provided a total of 
$18 million (Austral2an) to the State governments to aid the 
conversion. Most of the State's revenues come from the Fed- 
eral Government. 
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.  

The Canadian ,approach to metr'ic conversion-was voluntary, 
and each firm and organizatian was .to be.guid-ed by its eval- 
uation- of its own short-,and, long-term interests<. Each firm 
was expected to.identify the opportuniti,es'for changse and to 
bear its own costs. This is the same phi1osoph.y adopted by 
oth.er countries of letting costs lie where they fall. How- 
ever., financial assistance has been established to defray the 
conversion ,costs in certain areas6 ,. 

;, _( 
The Canadian Cabinet approved in Mar.ch 1977,-a $40 mil- 

lion (Canadian), 5-year assistance program f.orworker.s who 
must purchase their own tools for employment, This new as- 

'sistance program reimburses eligible employees with 50 percent 
of the amount spent .on purchasin.g new metric ,measuremeat- 

, sensitive,tools. It does not., apply .to self-empl:ope,d perso,n,s 
'nor to pe.rsons who -are pr.0vide.d ;.tools by, thei,r employers. 
The program became effective on! Apr:il 1, 1977, and is. sched- 
uled to.terminate onMarch 31, 1982. 

:). : _ ,', 
The program is in response to a request mad:e by organized 

labor and industry. It will not only assist employees but 
also busin,esses that usually require employees to provide 
their own tools. : ,Zi' ', 

A special unit was established within'the"Metric'Commis- 
sion to administer this program. The Comm-ission will check 
claims to insure (1) purchase slips or receipts are submitted, 
(2) claims are certified and verified,by employers!.,and (,3) 
tools purchased are measurement sensitive. The Commission 
estimated that a minimum requirement of 15 stafflyeaas would 
be needed to process the estimated 100,000 claims each year. 

Income tax assistance is being provided to the.'self- 
employed and companies for tools, scales, and other equipment 
which require chang.es because of ,metrication,. .The tax code 
revision permits the equipment conversion cost to be treated 
as a deductible expense, rather than as a capital expenditure, 
even though there is an improvement in the capacity or qual,- 
ity of the equipment. However, if the conversion cost exceeds 
the metric unit replacement cost, the equipment cost is ,then 
considered a capital expenditure and is not deductible as a 
current expense. 

Further assistance is be'ing provided for the conversion 
of scales. Legislative amendments enacted in June 1977 re- 
vised the Federal sales taxes and import duty on metric scales 
and kits to convert to metric. The normal Federal sales tax 
rate is 12 percent. The Federal sales tax.on conversion kits 
will be exempted; and for new scales, the Federal sales tax 
will be half of this 12-percent rate. The import duty on 
scales and kits, which is normally 17.5 percent, will al,so be 
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exempted. Thetrelief on the scales was ,to aid in the conver- 
sion of the consumer-area. '..,", ; :, 

5 
The Canadian Federal Business Development Bank; 'which 

provides financial assistance .and.management. services to all 
businesses, is to provide small businesses with metric con- 
version assistance. The plan providesthat :sm.all businesses 
with annual gross revenue not exceeding $1,500,000 (Canadian) 
can qualify for financial assistance.for metric conversion. 

', 
New Zealand adopted the policy of letting costs lie where 

they fall and did not provide any financial assistance or tax 
or tariff relief to aid any sector's conversion. -The.-United 
Kingdom adopted a policy of letting costs lie tihere'they fall 
when converting.to.the metric-system,?and belie,ves that,the 
policy of refusing financial,assistance can be maintained. I 

'. .,; ,( %, I 
It appears.that the.;financial.assistance provided by some 

foreign governments seemed to make conversion-more palatable, 
particularly with respect to the conversion of retailscales. 
The United States.has'only.provided:>for financial.assistance 
in the area of education where $6.3,:.million hasbeen,appropri- 
ated. 

" . 
Government purchasing power 
to assist the conversion' 

.' ., 
Government agencies in these countries participated in 

each sector plan and provided support for the planned actions 
and time frames established.by the ,sector .by,using .the govern- 
ment purchasing power. However, the United Kingdom,:early in 
metric conversion, did not.permit:its government .agencies to 
aid conversion by asking for and buying metric products. In 
Canada the government announced that if a metrication plan was 
established for a,particular sector, like the,building and 
construction industry, Canada would reguire.that all govern- 
ment contracts would use the metric system after a date spec- 
ified in the plan. This was particularly he,lpful in solving 
the problem of producers not,making an item until it was re- 
guested, and nobody,reguesting an item until it was produced. 
Other foreign government agencies also aided in the metric 
conversion by using their, purchasing power.. 

In the United States the Metric Conversion Act provides 
for the U.S. Metric Board to study the use of Government 
purchasing power. 

Other lessons 

Other lessons or experiences of the foreign countries 
are: 

30-20 



--The use of sports and.weather forecasts--were an excel- 
lent way to.aid the general public's education of the 
metric system. 

--Periods of'dual labeling should be kept to the minimum 
necessary to enable~the publicto become familiar with 
new metric sizes. 

--Hard conversions, rather than soft conversions, of 
products should be made whenever practicable to obtain 
benefits. 

.' 
CONCLUSIONS 

The United,States as a Nation'has a'larger population, 
economy, and Government than the other foreign countries. 
However, it can learn from other foreign nations' experiences, 
generally and in each:particular sector if it is to be pre- 
dominantly metric. 

Generally, the lessons learned and-the current position 
in the United States is as follows: 

--A clear and firm Government commitment to convert is 
necessary to achieve a succes,sf.ul conversion. The 
United States has not adopted this policy, and there 
is much confusion as to whether the United States is 
committed to a metric America. 

--A central body should be established early, shortly 
after ,the national commitment ismade, to plan and co- 
ordinate'the conversion and inform the various sectors 
and the public of metric activity. The U.S. Metric 
Board had not become fully operational--over 2 years 
after the passage of the act--at the time this report 
went to print. . 

--A well-developed plan must be prepared and effectively 
implemented. There is no national plan and should not 
be under the current law and policy. However, there is 
some coordination being done by the American National 
Metric Council, though,most of it is very preliminary. 

--A successful voluntary conversion must eventually be- 
come mandatory through laws and regulations, etc., in 
order that the metrication program can be completed. 
Necessary exceptions should be permitted. The act did 
not contain and the U.S. Metric Board does not have 
any compulsory powers. 
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--An overall target:.date -must be established for the 
country by th.e government and specific.target.dates 
must be established-for the various sectors by those 
affected. The United -States.does not have:an overall 
target date for conversiond . . 

--The public must be adequately informed and educated, 
and responsesmust be made to consumer concerns. Con- 
version.of the retail,sector is.the most difficult and 
must receive special attention. These are Some of the 
responsibilities of,the U.S. Metric Board. 

--The ..principle :of.letting costs lie,where:they.fall 
should be adopted if at all poss,ible. All the foreign 
countries did this, al-though a few made some excep- ., 
tions. The 1975 Act does not provide for financial 
assistance programs. 

--The use of the government's purchasing power greatly 
facilitates the conversion. (Government should be 
careful that it does not pick up the tab for an in- 
ordinate amount of private enterprise's metrication 
costs.) Using procurement by the Federal Government 
as a means to effect conversion is one of the subjects 
mentioned in the 1975 Act that the U.S. Metric Board 
may examine. 

--The conversion of certain sectors, such as weather re- 
porting and sports is an excellent means of educating 
the public. The National Weather Service has a plan 
to do just this regardless of the current national 
policy. Some sports, notably field and track and 
swimming, are using the metric system because world 
records are in the metric system, and it is used 
essentially in the Olympics. Under the current U.S. 
national policy, it would seem inappropriate to con- 
vert weather reporting and,sports for educational 
purposes. 

--Avoid dual labeling whenever possible and'keep the 
time period of dual usage to a minimum. The U.S. Met- 
ric Board could encourage the adoption of this policy 
by those that decide to voluntarily convert, but it 
would be more appropriate under a national program 
with a firm Government commitment. 

--To assist firms and other organizations in the orep- 
aration of materials and products used for distribu- 
tion or sold to the public, the Metric Commission 
Canada established the capability to review proposed 
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material for accuracy,.of me.tr~ic~terminology!- and 
permitted the,'use of its logo on.approved.mater,ial. 

.This assures:the public that the metric terminology 
; is- accura.te:, It was not 'an::endorse.ment. of 'the prod- 

uct. Consideration should be.qiven to\establishina 
a similar procedure in the United States. 

'. ,. I :i .,, Ii 
We.believ\e, on the bas-is -of.the conversion, lessons : 

1earne.d from the foreign countries'-ekperience, that :if the 
United, States isto .be predominantly me.tric, the- Congress 
should amend the Metric Conversion Act of -197:5: to mak.e -it, the 
national policy to convert to the metric system as the pre- 
dominant system'of~~weights~and~~measur-es within. a certain,num- 
ber of years'. Also, the U.S.. Metric, Board should accept the 
lessons learned 'by the o,ther countries. , Y ',: .- ".'ji I 
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CHAPiER 31 

METRICATION SUMMARY 

The United States is moving toward adopting the metric 
system of measurement without a clear understdnding of what 
is 'involved in metrication and whether the ascribed benefits 
can be realistically achieved, The issue of whether the 
United States should adopt the metric system h'as not been 
resolved. The public is not.yet fullyZ'aware of the, personal 
impact on them, and the business community in general, espec- 
ially small businesses, 
their operations. 

does not realize the,full impact on '. 

The terms meter, liter, and gram 'are appearing, some- 
times alone but often with their ,ilcousins," ,the foot, quart, 
and ounce. The latter terms are the most familiar to Ameri- 
cans and are part of what is commonly referred to as the. 
customary system of weights and measures. Meter, liter, and' 
'gram are part of the metric system. When you hear or see 
temperature in degrees Celsius, it is also part of the metric 
system. 'Use of the metric system is increasing, but the 
customary system is by far the most predominant in the United 
States. 

Almost since its inception, the United States has con- 
sidered adopting the metric system in one form or another as 
the national measurement system. 
thorized over 100 years ago. 

Its use was'officially au- 
There have been several major 

movements to replace the customary system with the metric 
system, but all such attempts have failed. However, the 
latest effort which began more than 20 years ago, is begin- 
ning to have some impact. 

Persons who use the metric system seem to like it and 
have few problems with it. But metrication is much more than 
simply learning and using the metric system. Metrication in- 
cludes determining the best time to convert in order to min- 
imize costs; agreeing on metric sizes; design.ing, producing, 
and building in metric dimensions; 
ric; 

training personnel in met- 
obtaining metric supplies; changing laws, regulations, 

ordinances and codes to accommodate the metric system; in- 
forming customers about metric products; and remaining com- 
petitive in the marketplace. 

soft. 
There are actually two types of conversion, hard and 

Soft conversion means replacing customary measurement 
units with equivalent metric units without any changes in 
the size of products, materials, or structures. 
for instance, becomes 0.95 liters. 

One quart, 
Hard conversion means a 

change in the actual dimensions of products, materials, or 
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structures to metric dimensions-- 1 quart is 'replaced by 1 liter 
which is 1.06 quarts. Generally, hard conversion results in 
rounded,metric numbers which ar.e,easier to work with; 

Converting to the metric system would eventually mean 
thinking, hearing,,and seeing distances in terms of meters, 
volume in terms of liters, weigh-ts .in-terms of grams, and 
temperatures in Celsius. It would mean new sizes for screws 
and bolts, new distances on maps, new weights on sc,ales, new 
speed limits on highways, and new tools to repair automobiles 
and other products. It would also mean new sizes for bever- 
ages, food, and clothing: new recipes in. the, k.itchen; and 
revisions in educational materials. Of course, it does not 
mean that al.1 sizes, d.istances, and weights actually,would 
change, although a great many would; but the terminology and 
numbers used to express them would. Metrication would.probably 
be a combination of soft and hard.convers'ion.“ Th'e c*hange 
would not necessarily be sudden and complete. 

A change to the metric system would be significant. :.Met- 
trication would affect Americans at work, in school, at home, 
in shopping, and in their leisure activities. Every organ- 
ization, firm, industry, and level of government would feel 
its impact. The impact c,ould surprise many Americans. 

If conversion is to take place, Americans must be kept 
fully informed of what is taking place, why the changes are 
being made, who benefits, who pays, and how it will affect 
them. We have looked into the subject of metrication to pro- 
vide .the Congress, the Administration,.the Metric Board, 
and in turn all Americans with a better understanding of 
these and the other issues involved. 

THB METRIC DEBATE 
,. 

The issues basically center around the advantages and 
disadvantages and the costs and benefits. Which outweighs 
the other? The debate has been going on almost since the 
Nation's birth. The answers are complex and in most cases 
undeterminable. It is very difficult to determine the an- 
swers for a single firm, let alone an industry. To answer 
the question for a Nation with 218 million people with the 
largest economy in the world, is even more difficult, parti- 
cularly when pertinent data is unavailable. The following 
are the generally ascribed advantages and disadvantages. 

Ascribed advantages ' 

The ascribed advantages frequently attributed to metric 
conversion generaily relate to one or more of the following. 
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--The metricsystem is a better,measurement' system. 
., ,. ', I : . . 

--The .United State,s would join the rest of. the. world. 
in a common measurement language. "' I ._ '. I ':- 

--Conversion would,help improve or ma.intain.the U.S. 
foreign ,tr.ad'e' position. .' 

--The process of converting 'would provide opportunities 
for worthwhile changes. 

. ., . 
--Conver.si0.n Would stimulate the e-conomy;. d 

.': ' ', ;. 
'-konvers?on' isinevitable and :would cost more later'. ,: 

,; -: j ,' 
Ascribed disadvantage,s 

._ ,' ., ? ,1 
1 

The ascribed disadvantagesfrequently attributed to me,t- 
ric conversion generally relate to one or more of the follow- 
ing. ; :: .' 

-7The.customary, system is a better measur,ement system. 

--Conversion swould .be enormously .expensive. 

'--Conversion would c,ause confusion. 

--Conversion would hurt the U.S. economy.' ' 

--There is no need to convert to the metric system. 

NATIONAL BUREAU OF STANDARDS METRIC STUDY:' ,. 

After 10 years of similar bills being considered in the 
Congress, the Metric Study Act (Public Law 90-472) became 
law in August 1968. 
Commerce to 

Then act called upon the Secretary of 

--determine the impact on the United States of the in- 
creasing use of the metric system: 

--consider the desirability and practicability of in- 
creasing its use in the United States: 

--study the‘feasibility of ,retaining and promoting-engi- 
neering standards on the basis of the customary system; 

--examine the effects on international trade, foreign 
relations, national security, and also the practical 
difficulties of greater use of the metric system; and 
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--evaluate the costs and..benefits,o,f alternative courses 
.of'action that the UniteId States might fake. .:- ..$.;',. 

-,Z’ _ 
.  

I ,  ‘. ;  
:j ,  

,  _// ,  ‘. 

As: the NBS 'metric study 'progres-sed\,,,the -study g,roup con- 
cluded that -the~Uni'ted States isalready increasing itsuse; of 
the metric system and that sooner or later'the United States 
will probably become -predominantly metric.. Thus, the.stud,y',s 
major thrust change-d from .whether t,he United ,State.s should, 
convert to, the metric system to how--planned or unplanned. 

i 
In July 1971 the Secretary of Commerce issued his report, 

nA METRIC AMERICA, A Decision Whose -Time Has 'Come."-, The're- 
port stated that eventually the United States will j~oin the' 
rest of 'the .world' in using the metric system asthe predomi- 
nant-commonlanguage~-,,of measurement:~ The 'basis f.or. .thi.scon- 
elusion was that the.-Un,ited Sta:tes is already metric in .some 
respects, that it is becoming more .‘so~, andthat the great 
majority'of'b.usine,ssmen; educator.s,:hnd other informed pa:r- 
ticipants in the study reported t-hat the increased use:'of the 
metric system is inthe .best interest of the Nat'ion,. The 
specific recommendations.,in the report wer,e: 

)'. i / 
--The United States should change to, the international 

metric system deliberately and carefully"through a 
coordinated national program. 

-AThe Congress should establish a central ,coordinating~ 
body to g'uide the-'change. i ., 

/, 
--Detailed conversion plans and% timetablesshould be 
', worked'out by the sectors themselves within this 

framework. " . ,' 

--Eariy priority should be given to educating school- 
children and the public at large to',think in metr,ic 
terms. 

--Immediate steps should be taken by th'e Congress to 
foster U.S. participation in international standards 
activities. 

--Any conversion costs should "lie where they fall." 

--The Congress should establish a lo-year time,frame 
for the United States to become predominantly metric. 

--There should be a firm government commitment to con- 
vert. 

The report's recommendations did not settle the metric 
question. Bills to implement the recommendations were debated 
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in the Congr'ess.for the next several years; none were passed. 
Although the advantages and disadvantages of metric conver- 
sion for the United States were still an issue, a major area 
of co~n.trove,rsy was'the impartialityc.and, completenessof the 
NBS .metric study; The critics, which included former members 
of the study group and its advisory panel, contended that 
NBS was biased in favor of conversion while performing the 
st,udy and reporting the results. The critics did not believe 
that the study adequately addressed the costs and benefits 
of converting. 

WHAT IS THE NATIONAL POLICY? 
I. . . 

'Many people and organizations believe a decision has 
already. been made to ddopt the metric system in the United 
States. Passage of the Metric .Conversion Act of 1975, wi,th. 
its major provision of establishing a U.S. Metric Board, is 
cited by,many as being the official national commitment. 
Just the name of the act connotes conversion. :The number of 
firms converting is pointed to as e.vidence of the trend t,o- 
ward the metric system, although our work showed this activity 
appears not to be as significant as is generally believed. 
Despite opinions and statements to the contrary it.is not 
the United S,tates' policy to convert to the met;ic system. 

Metric conversion legislation was passed in the Senate 
in 1972 providing for a predominantly metric America within a 
lo-year period. But when introduced in the House, no action 
was taken. In the following years, 
islative proposals were discussed. 

various unsuccessful leg- 
Further progress was not 

made until 1975 when the provisions for a predominantly metric 
America within 10 years was dropped. 

On December 23, 1975, the Metric Conversion Act of 1975 
was enacted declaring that 

1,* * * the policy of the United States shall be 
to coordinate and plan the increasing use of the 
metric system in the United States and to estab- 
lish a United States Metric Board to coordinate 
the voluntary conversion to the metric system." 

The act does not provide a national commitment to ronvmrt to 
the metric system. It does not stipulate wheth,, clls \rU=GL.... 
ary or metric system should be the oredominant measurement 
system for use in the United States', 
lative history show the national P 

The act and its leais- 

svstem over the other 

-  _I -  

lolicy is not to prefer one 
-a __ but to provide for either to be predom- 
inant on the basis of the voluntary actions of those affected. 
Thus, a national decision has not been mado fn convert to the 
metric system. 
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The Metric Board's responsibility unde.r the act is to '. 
devise and carry out a broad program of planning+,, coord'ina- 
tion, and public education;-consistent with othersnational, 
policy and interests, ,with the aim o,f implementing the,policy 
set forth in the act. It is to serve as a focal point for .. 
voluntary conversions to the metric system. The Board is 
not:to ad,vocate metrication but is to assist various sectors 
when, and if, they choose to convert.' ,At the time this..re- 
portwent to print, the Board had not become fully operational. 
All 17 members o,f the Board were nominated by the President 
and were confirmed by the Senate during the first half of 
1978. Several Board meetings have been held. 

', :,,:.,:. 
The.national policy is not generally understood. ,About 

80 percent of small businesses and the general public we con- 
tacted either did not know what the national policy,is,,or 
think conversion is,mandat,ory. However, about 70 percent 
of the largest businesses-did know that the national policy 
is one,of voluntary conversion. There have been numerous 
misstatements made throughout the-country not only about the 
policy but about the various aspects of metrication',itself. 
Actions by a number of individuals and organizations, includ- 
ing some multinational firms and agencies of the Federal Gov-- 
ernment, give the impression of a national commitment to a 
metric America. The,,metric system is being taught. inTat least 
half the Nation's school districts. When parents learn about 
the additional emphasis on teaching,their children the metric 
system in school, a,natural tendency is.to believe that the 
Nation is converting. 

IS CONVERSION.VOLUNTARY OR MANDATORY? 
,., 

Under the present national policy, conversio,n to ,the 
metric system is to be "voluntary" --those involved can decide 
for themselves whether or not toeonvert. 
that are converting, "voluntary" 

In other.countries 
means that the various sectors 

voluntarily agree on how and w,hen to convert within the over- 
all parameters of a national commitment to convert to the pre- 

'dominant or sole use of the metric system during a specific 
period of time, usually within 10 years or less. In other 
countries voluntary.was not a choice of whether to convert 
or not, as it is in the United States. 

tern, 
In.the .absence of.a national polioy favoring either sys- 
i.t is extremely important who makes the voluntary de- 

cision for each sector. Realistically, however, voluntary 
does not mean that each person can make an individual deter- 
mination. 
both public 

Generally the large and influential organizations, 
and private, 

decisions. 
are making'or are helping.to make the 

A manufacturer may decide to conver,t and 'this 
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voluntary decision may result in forced or mandatory co'nver- 
sions by others; such as customers and suppliers.' A-~customer 
may-choose to buy or not buy a metric product, but only if 
aware that the product is metric!and that a'competitive non- 
metric product is available< 

The voluntary aspect is particularly.important when.:a 
Federal, State, or-local,government agency voluntarily takes, 
or proposes metric conversion actions which change the mea- 
surement system used by,large port,ions of the-,general public. 
Thus, a voluntary decision by government, in effect, becomes 
mandatory on the general public. For instance,-the highway 
sign conversion plan proposed in 1977 showed that the Federal 
Highway Administration "voluntarily"'decided that all road 
signs would be metric. 
it 

Such a ,decision.,-,however, -would make 
"mandatory" on States, localities, motorists, and others. 

After receiv'ing'national,attention, the plan was rescinded 
basically because of congressional and public outcry. It is 
questionable whether the Federal Highway Administration has 
the authority,to require such a sweeping'change which would 
cost millions of dollars and.result-in"no apparent benefits. 

.' 
The decisions by some giant multinational firms to con- 

vert have an impact or ripple effect on'.their suppliers be- 
cause of the multinationals" 
ucts, 

orders for'metric items, prod- 
orsupplies. The suppliers;, unless 'they can forego 

continued business:.with these firms, will have to produce 
metric products and may eventuaPly.convert their 'entire oper- 
ations to metric. This is happening today in the automobile 
industry where the suppliers.are filling metric orders from 
the automobile manufacturers. Whether the suppliers will com- 
pletely convert,their operations will only be known over a 
period of time, but it is certain that at.least'some-of their 
operations will be converted. It must be kept in mind thatof 
those giant multinationals that decided to convert, most made 

,.their‘ decision when it appeared, that national legislation Would 
be passed providing for a predominantly metric America within 
10 years: .. i i 

Many'think 'conversion is mandatory, especially small 
businesses and the general public. Responses to our gues- 
tionnaires showed that 42 percent of the small businesses 
and 23 percent of the peoole contacted in a public opinion 
9011 conducted for us believed conversion to the'metric sys- 
tem is mandatory. In fact, 
the national policy is. 

less than 20 percent know what 

tors, 
Actions by Federal agencies, multinational 'firms, educa- 

and others aided by a general feeling of,inevitability 
and misstatements about metrication throughout the country 
tend to forge a metric policy for the entire Nation. A 

i 

b 

r  

r 

-_ 
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policy to c,onvert to the metria system should be made by the 
representatives ofithe people--the Congress., It appears to 
us that under, the present policy and the current trend of 
events, the Un,ited States will eventually become .a predomi- 
nantly metric,country. '- :. '-i : :. 

Current policy -has been mi,sinter.preted.and within this 
context attempts have been made to convert to the.metric 
system. It would -seem that as a minimum, before voluntarily 
deciding. to convert, there should be 

- , : 
--,a.clear, undqstanding of 'the 'policy, . . 

.--knowledge of-the costs and benefits involved,, -. 
', 

--an assessment of th'e impact oh the"s'ector involved 
I. and ;an,y related ,sec,t,ors, and ,. ', ,._ I.,i'. j 

.I t .I 
--a d'etermination .,of the impact ,on' .co,nsumers. 

.; ' 
Any attempts to arbitrarily increase metrication activity 
could seriously undermine existing policy and lead to un- 
necessary metrication. Uue.ca.re, therefore, ;must be exer- 
cised in carrying out.the policy. 

-,, .,. ‘. .I 
THE INEVITABILITY,;SYNDROME, : . 1 

“. -: -, _I ‘, 

A majority of the large and small businesses and building 
Andy construction associations re.s.pon,dirig to'our -questionnaires 
believe conversion to the metric:system,is inevitable for ': 
their industries. Also,- a majority of State g,overnmen;ts be- 
lieve metrication is inevitable for.themse$ves. These‘ be-, 
liefs, as much as any perceived benefit,. h.ave been a..princi- 
pal impetus f.or,conversion activity in the Uni,t.ed States.,' 
Conversion may well -become inevitable because people. thin-k. 
it's inevitable-- a self;f,ulfill.i,ng ,prophecy. . . . 

Several factors and beliefs hav,e contributed to this 
inevitability syndrome:' :. > 

--Passage of the Metric Conversion.Act of 1975 and its 
major provision for .a ,U-,S. Metric Board. Just the 
name.of the- act connotes conversion. ._ 

--The United States is the only'major nation not conver- 
ted or committed to using the metric system. 

--Actions.takenby some Federal agencies, such as the, 
Federal Highway Administration which attempted to re- 
quire conversion of highway signs; the National Weather 
Service planto use the metric system for weather 
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reporting: and the suggestion by the Department of 
Agriculture to convert meat and poultry labels. 

' / 
--The decision to convert by some of the "giants" of in- 

dustry and the effect on customers and suppliers. 

--The 1971 NBS report which stated that there was no 
'question that the United States should convert within 
a lo-year period.- 

_I 
--Proposed legislation in the early 1970s which called 

for a predominantly metric America,within 10 years. 

) 

--Public,ity;about metric projects and activities and 
the distribution of metric information and charts. 

; ', : ', 
--The increase in metric instruction in school programs 

throughout the country with many setting target dates-- 
1980. for 13 States-'- when their,school systems are to 
be teaching the metric system as the predominant sys- 
tem. :, 

--Federal grants f.or,;metric education. 

--Activities of the American National Metric Council 
established in 1973 by the AmericanNational S,tandards 
Institute to coordinate metrication for industry. 

Action should be,tak'en to ensure that metricationdoes 
not occur merely because it 'is thought'to,,be inevitable,, which 
is apparently' what is taking place today. 
as established by the Congress, 

The national policy, 
,is that conversion is volun- 

tary. Businesses or other entities generally sho,uld convert 
if it is in their best interests to do so or they may continue 
to use the customary'system, and should not einbar'k uoon a. ' 
course of conversion merely for the s'ake.of conversion. 

SUPPORT/OPPOSI'TION AND OVERALL 
ADVANTAGES/DISADVANTAGES 

Responses to our questionnaires showed'that the strongest 
support for converting 'to the 'metric system came frbm State 
education officials, State government officials, and-the For- 
tune 500 industrial companies. Building and construction as- 
sociations supported. conversion but not as‘widely as the 
above groups. Small businesses were divid-ed with slightly 
more being opposed to metrication than supporting it. The 
public opinion poll showed most people in opposition to 
metrication. 
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The respondents' support for conversion is not based 
entirely on the belief that they will gain.some,advantage 
from converting. More supported conversion than saw advan- 
tages for themselves. In fact, large businesses were divided 
on whether,advantages outweigh disadvantages for their firms 
(slightly more saw it as an advantage.). The reaction of 
small businesses was more pronounced in that more believed 
the disadvantages outweighed the advantages for.their firms. 

However, ' when asked about the-advantages and disadvan- 
tages for the United States overall , both.,groups significantly 
shifted to a more positive opinion on advantages. A ma.jority 
of the large businesses believed the-advantagesto be greater 
than'the d.isadvantag,es, and more of the,small business respond- 
ents believed conversion 'would be advantageous than disadvan- 
tageous. 

Thus the question arises as to just who benefits to'make 
it worthwhile for the United States as a Nation to convert 
to the metric system. 

GOVERNMENT 

No overall metrication policy or plan has been developed 
to guide Federal agencies. 
a policy and a number 

Many agencies have or are developing 

to go metric. 
have or are developing specific plans 

Generally, the agencies have a policy of fol- 
lowing industry's lead and coordinating their efforts. How- 
ever, some agencies, 
tion, 

such as the Federal Highway Administra- 
the National Weather Service, and the Department of 

Agriculture have been proceeding on their own and appear to 
be propelling metrication. Such actions give rise to impres- 
sions that the Federal Government is mandating conversion as 
23 percent of the persons interviewed in a public opinion poll 
conducted for us, and 42 percent of the small businesses re- 
sponding to our questionnaires, -believe. 

The overall metrication activities of Federal agencies- 
need direction and coordination to"ensure that the Government 
takes a consistent approach to metrication and that Federal 
agencies do not force conversion activities to occur con- 
trary to the intent of the Metric Conversion Act of i975. 

Other countries with a-Government commitment.to convert 
used Government purchasing power to aid the conversion pro- 
cess. This is particularly true in what we identified as 
a "chicken and'egg syndrome" that occurs when manufacturers 
are willing to produce in metric, once their customers order 
in metric and customers are willing to buy in metric once 
the manufacturers are producing in metric. Government 
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purchasing'spowers could be-used,to breach th,is log jam by 
ordering-'in metric on a sector,by 'sector basis oncela commit- 
,ment"'to convert is.lmade ‘.as- was done in 'Canada. 

, 'c' _ ;- 
There has. been some discussion o,f,the',use of the metric 

system as a .means to achieve standardization in NATO. The 
problems of standardization within‘ NATO are. the result~of a'. 
multiplicity20f research, development, and pro.duction problems 
of the member countries. 
political,.ec~onomic, 

It is generally acknowledged that 
and social conditions often take prior- 

ity over standardization effor'ts. However, standardization 
of NATO's weap0n.s is a'v~ery important obj'e.ctive. 
factor's,, 

Nonmilitary 
such as,inflation,'~unemployment,~ balance of payments, 

and ,the 'main,tenan,c:e,'of a‘ s,trong ind'ustrial capability must ' 
'be' c'onsidered. Thus, in our opin'id'n, even if' the.&rld was 
metric today, 
lems. 

NATO would still,have its standardization prob- 
: ,) 

U.S."Metric"Boafd 
' : 

All 17 members of the Board were nominated by the Presi- 
dent and were confirmed by the Senate during the first half 
of 1.978. Although the Board has met, it had not really become 
fully operational at th.e,,,time this report went to print. 

The duties of the .MetricBoard' put it in the position of 
a centr'al planner a.nd coordinator. The Board should not place 
itself in a position'wher,e it,:& perceived to be an advocate 
or opponent of m'etrication; The intent of the Metric Conver- 
sion Act of 1975 is'that the Board ,is.to be neutral. 

The consensus of-respondents to-our questionnaires was 
that the principal role of the' Federal Governmentwould be to 
counsel and advise interested parties on metrication and co- 
ordinate metrication ac,tivities. More respondents. believed 
that target dates should be established by the U.S. Metric 
Board in consultation with industry than by any other group. 
Th'at is,, the respondents believed they.should have a say in the 
target dates; : 

We agree that specific target dates for each sector that 
voluntarily decides to convert are needed. 
ties including.consumers, 

All affected par- 
should be involved in making the 

basic decision to convert or not. They also should be in- 
volved in developing a,plan and setting target dates. The 
decision that a sector'has voluntariiy decided to convert 
along with the rationale should be made.pub1i.c. Public hear- 
ings whi,ch are authorized under the Metric Conversion Act of 
1975 should be.held for those conversion plans that affect 
the general public. 

I 
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i- E E 
Conversions have occurred without a Metric Board. 

r 
For example, even before the NBS study, the pharmaceutical 
industry'basically converted to the-metric system in some of 
its internal,operations. 'The automobile-industry is @ro- Y. 
ceed'ing with metric conversioh'without the involve~ment of the 
U.S. Metric Board. The wine and distilled spirits industry 
likewise has planned,and coordinated its conversion without 
the Metric Board. 1 '8 ._ 

. 
Some aspects o-f these conversions have not benefited 

everyone as much as possible, but without compulsory powers 
the Metric Board might not have beenable to solvethese 
problems.. The Board was not provided any such powers. '., 
States . . 

)', 
State.governments generally adopted a wait-and-see“atti- 

tude about converting, although-many support conversion: In 
discussions 'with State officials, we found little agreement, 
even among departments within States, about when,;where; and 
how conversion should take place,within State governments. 

Most States .believe that,their metrication eff,orts would 
be facilitated iE the U.S. Government would establish target 
dates for voluntary conversion , provide financial and techni- 
cal assistance to States, change ,a11 Federal laws that specify 
use of the customary system, and develop a national metrica- 
tion plan. Slightly more than 50 percent of the States also 
believe that making conversion mandatory with established 
deadlines would help States convert'. 

We identified five States which had passed legislation 
promoting metrication. A few others have proposed metric 
legislation but-it had not been passed. Most !of the States, 

-however, had not seen fit to introduce or amend ,laws to sup- 
port conversion. 

Metric conversion is seen by many State governments as 
a noncrisis-oriented, expensive activity with,very few near- 
term benefits. They also guestion the wisdom of proceeding 
into conversion out of phase with other States, thereby 
creating a confusing and possibly dangerous environment for 
interstate travelers and those engaged in interstate commerce. 
States fear becoming a "metric island" among other nonmetric 
neighboring States. 

Any Federal metric activity should be coordinated with 
the States'. ! -- 

I- 
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Education 

The Office ,of Education, -Department of Health, Educ.ation, 
and Welfare,.. h-as- been. involved in.metric> education since 1972. 
Programs- funded, by the Office of E.ducation have been designed 
to.develop metric educationinstructional materials in-voca- 
tional, technical, an.d,adult.education and teacher training, 
materials for people with sight handicaps, reading d,ifficul- 
ties, and other learning deficiencies. 

Other funded pr-ograms were directed toward developing 
working models-:which States and territories could use in 
the transition ,to metric.education and.plann,ing how the., 
Nation's educational institutions can best prepare Ameri- 
cans to understand and use metrics. Those programs were 
supported by the Office of Education through funds not 
specifically appropriated for.metric education--elementary, 
technical, adult, andresearch funds., Legislation passed 
in August 1974,,however, specifically provided for metric 
educationgrants in fiscal years 1976, 1977, 'and 1978. 
A tot-al of $6.3 mi,llion was appropriated for this,grant 
program. It appears that before additional funds for 
metric-education are considered,,the educationeffort- 
should be examined -and.pu,t into.phase with whatever 
metrication plans and efforts exist in industry, Govern- 
ment, recreation, merchandising, and other sectors. 

Educators stated that the metric system is easier to 
learn and teach and results in fewer ,errors. It has been 
stated that teachers would have more time for other 
educational efforts because metrics can be learned more 
quickly, but we did not find a consensus on this. 

In the schools the trend is toward metrics as children 
are being taught the metric system throughout the Nation. 
All State education agencies supported metrication. In fact, 
13 States had, set 1980 as the target year for the school sys- 
tems in those.States to be teaching predominantly in the met- 
ric system. However, this tre,nd may be harmful because such 
dates had not been coordinated with any other conversion ac- 
tivity in our economy or society or with an anticipated need. 
Thus, there may be a generation of children who were pr.imarily 
educat.ed in met,ric trying to function in the customary system 
in the United States.. 

The question therefore arises as to how much each school 
system should teach and when. It is obvious that some met- 
ric education is advisable. State education agencies' views 
differed on how long a period of dual measurement capability 
would be needed by students. Depending on the long-range 
metrication timetable of some industries and the possibility 
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that some segments of the economy would not convert at all 
under a voluntary policy, it is likely that the customary 
system would need to be taught along with the metric system. 
What is used predominantly in.the community should be the 
predominant system taught in the schools. Our educational 
system needs guidance on the national policy and its imple- 
mentation. 

Legal implications 
/ 

Metrication would require reviewing laws, regulations,, 
ordinances, and codes at all levels of Government to see 
whether there are measurement-sensitive provisions that-would 
need to be changed. This would be an enormous undertaking. 
Under the present national policy where there is no commit- 
ment to convert, it would be even more difficult. 

,It could be viewed as an opportunity to make improvements 
ana eliminatethose laws, regulations, ordinances, and codes' 
which are obsolete or unneeded, but metrication is not neces- 
sary to -make such changes. The.process would entail the ex- 
penditure of a considerable amount of time and money, and 
much confusion would result if some legal provisions were 
converted and others were not. 

Various,officials in the:private sector have been con- 
cerned that jointly planned metricationactivities could 
subject participants to law suits under the Sherman Anti- 
Trust Act. The Department of Justice has provided guidance 
on steps industries can follow when carrying out their met- 
rica.tion. activities. 

BENEFITS 

Ascribed benefits of metrication are not as closely re- 
lated to metrication as they are claimed to be.,:Wost are 
goals which have previously existed and.have been achieved to 
varying degrees under.the current'system. Proponents view 
metrication as the vehicle to achieve them (to a greater 
degree). It is doubtful that many of these benefits would be 
achieved through metrication without incurring costs which 
would partially or wholly of.fset or even exceed the value of 
the benefits. Also, certain benefits, such as increased 
standardization and rationalization of consumer products, 
might be unattainable without the imposition of Government 
laws and regulations. 

The often ascribed benefit that the metric system is 
easier to use and results in fewer errors is generally but 
not universally accepted. There was some disagreement from 
small businesses. The value of such a benefit cannot be r 
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determined, but it may'be one of the few,direct benefits of 
metrication.* .,' 

, .: 
Both the proponents'and opponents have expressed concern 

over the effect conversion would have on U.S. trade and rela- 
tions with foreign countries. 'However, the effects'of metri- 
cation are not as clear cut as either the proponents or oppo- 
nents contend. We could not determine from available sources 
the extent to which U.S. trade will be affehted,'either in 
the short or long term, by a decision to become predominantly 
metric or to remain predominantly customary. The effects of 
metrication in-promoting or deterring.trade are presently .. 
cohsidered by the firms we>contacted to be relatively insig- 
nificant, 'and companies in the forefront of metrication appear 
to.be pursuing conversion for reasons other than a possible 
favorable impact on trade. 

‘A majority of large businesses believed conversionwould 
facilitate trade because a-common m,easurement language:wou!Ld 
come into use. 'Trade is also facilitated-where the sametlan- 
guage is used. But an even l'arger majority indicated they 
did not expect any significant change in either exports or .' 
imports as a-result of conversion. A majority of the firms 
cited factors, such as competitive prices) high productdual- 
ity, superior technology, and good reputation and reliability 
as being of major significance in promoting exports; The de- 
sign and .manufacture.of product,% and engineering standards'in 
either metric or customary units were not considered to!be a 
significant trade factor.. ! ' 

Some view metrication as an opportunity to,improve,pro- 
duction efficiencies, facilitate technological advances, and 
make other worthwhile changes. While metrication could,pro- 
vide the opportunity or vehicle for such changes, there is no 
assurance of achieving them. Also, it generally was undeter- 
minable whether the cost of metrication would be offsetby; 
the value of the dscribed benef'its. Of-~greater importance 
was the *fact that most, if not all, desired,changes could be 
achieved under the present measurement system,. 

These benefits could also occur with-the replacement of 
obsolete equipment and facilities or when other changes occur. 
If equipment or facilities are subjected to premature obso-' 
lescence because of metrication, this would increase the 
.metrication cost. Any increased efficiencies due to new 
equipment would have to be weighed against the cost of the 
change to determine whether or not metrication would result 
in a net benefit. 

Whenever the question:of metrication benefits is brought 
up throughout the metric movement, increased standardiiation 
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and rationalization is givenas the,,answer. .Standardization 
occurs when the number of standard items and products in-,>,, 
creases. ‘Rationalization occurs when a ,limited set of prod- 
uct sizes in a rational series is established. 'Eventually I 
all sizes not in the series are eliminated, generally result- 
ing in a reduction in'the ,number of sizes. : .i / .,' _' .." " t. 

Present sizest:have developed over the years in the 
marketplace to .meet demand. For some prod,ucts, industry. ;' 
officials believe thatmost of these sizes.meet their.needs; 
Substantial'standardization.and ..rationalization has been 
achieved under the'present customary system and,-is a contin; 
uing goal. , ;p : ', ,, ,T ." ._ 

i' There"is little doubt that increased standardization-and 
rationa%izationcould 'result: in benefits,, b'ut!the costsof. 
achieving'these ascribed benefitsare.unknown.' Increased. : 
standardization and' rationalization.could be;;achieved using .' 
our customary.‘system,;:.butl:proponents view metrication as an 
opportunity. or ,vehicle to achieve,the results. However,.met- 
rication Would result in dual'inventories of'customacy- and,: 
metric-size items for a considerable.amount of time.,. partic- 
ularly in those industries where equipment has a long life 
and spare parts have to be maintained. This would be a ver,y 
critical problem for many industries, suppliers, and retailers 
and.'would,,cost an!'undeterminable ~amount. Only after the pe- 
riod of,dual inventories.has, elapsed would it be:known whether 
increased'standardi,zation and rationalization has-resulted and, 
at what costs. 'Al'sso, if metrication occurs, many.standards 
will shave to be reviewed.at'substantia.1 cost in time-and 
money. 

There is little assurance.of achieving.increased stand- 
ardization and rationalization'because the use-of standards . 
and'the sele;ction of product size is generally- on a voluntary 
basis .in the United State.s. Some othercountries have more 
control over standards and the size of, products., Also, there 
is little assurance that a new proliferationof sizes would 
not occur even if initial standardization and rationalization 
can be achieved. It appears that Government controls.might be 
required to help ensure that standardization. and rationaliz- 
ation would be achieved and.maintained,. -We believe this gen- 
erally would.be opposed by the American people and industry. 

Some perso,ns claim that consumers will benefit because 
the.metric system is easier to understand and price compari- 
sons will be easier to make. The premise that price compari- 
sons could be made easier depends on the willingness and 
ability of producers to change to rational series of'sizes; 
It is quite likely.tha-t changes to;'government laws and regu- 
lations would be needed to ensure that rational package sizes 
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would be used.. For -s,ome.container,s,s.-such as cans,'si?e 
conversions would require a considerable .ex,pense:that quite- 
lkkely would be passed on to consumers in .fhe .form of higher, 
prices; ,, _ i, . . . .; 

'_ I -, ': -., + .. I ^,. :. 
It may be that the increased use ofcunit.pricing,would 

be of greater benefit to consumers than converting many sizes 
to metric. Unit pricing .would facilktate price,comparisons 
and be easier to understand. -Unit pricing;is,not dependent 'L 
on the,use of,standard orrational,sizes.,.which can be diffi- 
cult and costly to,,achieve., and would,:permit producers to:make 
their products in size's relating.to-their needs. '. . 

i' '1 
There is no compelling reason for many consumer prod- 

; : 

ucts and:sports -to convert. For.most.:consumeriproducts.and 
.for-activitiessuch as..sports,.,.no major.benefit,s:would,occur. 
to either-,producers or: consumers.:by-converting:to.:the.,metr,ic" 
system. Many consumer-productsr.are;;not exported .to-other' 
countries;.producers ,of.those that;are,;seem,.to have, $ittle,j:, 
problem with the measurement system used., Other countries 
exporting,p,roducts tothe United States change the sizesof 
their psoducts to U.S. -sizes::whennecessary..... : ~ 'r I 

COSTS I" 
.%. 'Y 

: ..' 
: .. ,- ,\, 

The total cost of metrication for the United'States'has 
not been.determined; and it appears that it'is,difficult to. 
develop a,,valid estimate. .Australia, Canada,,,and:the United 
Kingdom were unable to do this fortheir conversions; 

~ 
The 

3-year NBSstudy published in 1971 also:was unable to p,rovide L- 
such a figure. /, gg L 

Proponents have claimed that while costs would be in- 
curred'to convert, the costs of not converting would be greater. ~ 
These.latter costs are viewed as opportunities lost, by not,- 
converting. As difficult as it:is to,de.termine the cost of :/ , 
conversiion, it would be even more difficult to estimate the, 
cost of not,converting.,. 

Generally, the initial metrication cost estimates for, a 
company have been higher than the actual ,cost. This seems to 
occur because an organization's initial reactionto metrica- 
tion is that many machines, other assets, and supplies will 
have to be replaced. However, once‘s decision to convert is 
made and suborganizations are.told.that they are to absorb 
the cost or a central body is appointed to review all claimed 
metrication costs, the next cost estimate invariably is, less. 
They take courses of actions which minimize the conversion 
costs. This is not to,say that the costs are not large or 
that-they would outweigh potential benefitsor vice versa. 
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Generally the necessary cost information is unavailable to 
make such a d'etermination. ., ' : 

.' < 
Most businesses that are converting told us they did not 

keep track o-f metricationc'osts but just absorb.them i:n.their 
normal operations. Cost information is-considered pr.opr,ieta'ry 
by most firms, and therefore, metrication cost data was seldom 
released to us even when available. However, t-he' ma.jor-ity 
of firms believed that metrication costs would besubstantial. 
Our review showed that whatever the costs, they generally 
will be passed on to the consumer. ..' I 

If metrication can be phased into an;operation::und,er a 
normal r'eplacement'program, the cost would be much less than. 
if itemshave to.be. replaced earlier than normal.jus-t;to maike 
them metric. Also, if a conversion kit -is used or-' a part re& 
placed rather than replacing the entire item, the cost is much. 
less. This isassuming some outside ,force.or pressure"does 
not dictate conversion, at an inopportune time or manne'r'tiL>: An 
example of this would be if a major customer required all its 
suppliers to provide metric products and supplies. A, suppl'ier 
probably could not afford'to lose this major customer's::busi- 
ness and would have to convert some, if'not all;bperations~ 
to metric and replace equipment before its useful life: had 
expired. .I' .,,, 

; :t 
Some of the major cost areas include training. and..e.duca- 

ting people; converting computer systems, data bases, and 
standards; changing laws, regulations, ordinances;and codes; 
maintaining dual inventories; purchasing hand tools; changing 
product sizes: and familiarizing consumers with metric ,terms; 

1, ,' ; /' 
Personnel would have to be trained but the 'costs c'an be 

minimized by providing only what is needed, to 'the-se who,need 
to know, and when they need to know it. But some segments ,of 
organized labor want a much broader,training program for all 
workers. Metrication could result in decreased productivity 
temporarily as employees acquaint themselves with the new 
terminology and,product sizes. /- ,-' 

I_ 
State education authorities feel that metric,education 

can be incorporated into the sc-hool program at little cost' 
after teachers are trained. However, costs for travel to- 
training sessions , payment of substitute teachers while reg--' 
ular teachers are being.trained, and stipends to teachers 
for .additional time in training and purchase.of materials 
could be substantial. On the other hand, in the classroom 
metric instructional materials and textbooks can be provided 
at little or no expense as expendable materials are replaced 
and textbooks are obtained during a normal replacement cycle. 

- 
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It is *generally recognized .that,converting existing stan- 
dards or developing new metric.standards would,be costly,and-. 
time consuming. .We were not able to obtain'an overall:esti- 
mate of how much these costs would be. < >' 

:  

‘.It is generally agreed that for many, industries the cost 
of.maintaining dual inventories of customary- and metric-size 
parts for many years will be significant. Many industries 
would want the shortest feas,ible conversion period to shorten 
-the+period of"dua1 inventories. Others would want to extend 
the conversion period in order to alleviate some of the costs 
of equipment adjustments and replacements by having the 
changes take place at an opportune time--generally when a 
change would have to be made for other reasons such as re- 
placement due to o;bsolescence or worn-out equipment. 

'-In some cases, 
the employer. 

workers"metric tools have been provide~d by 
These costs would be passed onto customers 'in 

the!<form of higher prices for products or services. ,-,In other 
cases, workers must purchase their own tools, the cost of 
which then becomes a tax deductible item to the extent per- 
mitted. Government subsidies have been proposed by some for 
the purchase o:f metric tools needed by U.S. workers. In this 
case the cost would be passed onto the taxpayer. 

Metrication would require reviewing laws, regulations, 
ordinances and codes at all levels of government in the United 
States to see whether there are measurement-sensitive provi- 
sions -that would,need,to be changed. This would be an 
enormous unde.rtaking. It could be v.iewed as an opportunity 
to make improvements and eliminate those laws, regulations, 
ordinances and codes which are obsolete or unneeded.. Howe.ver, 
the process would entail the expenditure of a considerable 
amount of time and money. 

COSTS LIKE WHERE THEY FALL 

One of the principles of metrication adopted by all the 
converting countries was to let the costs lie where they fall. 
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In addition to formal educ.ation, there would also be.a 
cost for a public information program which.would have:to -be 
conducted both on a national and local level by all segments 
involved in converting both in the publ,ic and.,private..sectors. 
Theyiall would have a responsibility in educat!ing consumers 
in understanding and using the ,metric system. 

Conversion of,computer systems and data bases, along with 
other administrative material, could be a significant cost, 
but there,is very little metrication experience in thisarea 
to date. 



In other words, metrication would not be subsidized:::,:There 
were .some,,exceptions- to' this'i:po.licy. The policy was recom' 
mended in. t,he .1~971 NBS metric study and has b,een ad.opted; :':: 
internally by most conve-rting firms. Many,Yirms8Lhave adopted 
this principle by requiring suborganizations to“absorb.metri- 
cation costs in their budgets and operations. If a suborgani- 
zation, firm,aor indystry.knows it will,have to'absorb the 
costs, there is a tendency to keep the costs downto remain 
competitive. .However, in most.cases it appear's the< costs-will 
be passed,on to the customer. ,i '. / .' 

:I , ~ 
If Federal financial assistance is available 

: I 
there could 

be a disincentive to control costs because someon; else, in 
this.case th:e-taxpayer, would be picking up the ta,b.,-,,::A.: num.A 
ber of industries indicated'a-desire for ,Federal,-financial:': 
assistance. in.their.conversion efforts. Ho.wev'er,'tbis would 
likely proliferate because once one sector is, granted assis't- 
ante, undoubtedly oth.ers will want a,ssistance,also;, .Already 
there has been some discussion-about the need for assistance 
for the scale and apparel industries, small businesses, and 
l,abor. The 197,5 Act did not establish a cost policy and did 
not provide for Federal financial assistance. Some of(the' 
converting countries, all of whom had a national commitment 
to metrication, did provide some financial assistance. Two 
of the four converting countries, that,: we were,.abl'e, to ,ob.tain 
information on, granted exemptions to taxes on-the,p'urchase of 
equipment,relating to conversion on the premise that the gov- 
ernment should not increase its revenues through,conversion. 
Also, Canada,provided financial aid for certain workers' 
metric tools. 

We believe that.the principle of having costs lie where 
they fall should be followed with regard,to conversion activi- 
ties. If a sector cannot convert without government assist- 
ance, thenit would appear that it may no-t be iri‘that set' 
tor's. best interest to convert,to the metric system-. 

SAFETY HAZARDS AND ERRORS 

Concern has been voiced in several areas about, safety 
hazards occurring during a metric conversion. One area of 
concern is domestic air operations. In the United States, 
all air operations use a standard for measurement which is 
based entirely on the customary system. The U.S. aviation 
community sees no reason for conversion. Aviation officials 
are concerned about safety if the terms used in air operations 
are converted to a total metric system. With the number of 
aircraft and persons flying today, we have been told by those 
involved that there might be serious air safety consequences 
to such a mass conversion. 

L 

t 

i 

L 
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There also has been some concern raised in the medical 
fiel.d.ab,out safety,if all measurement terms are converted 
to the international metric,system (SI). The medical field 

>-currently- use:s,some metric terms that are not accepted in 
the interna,tional metric system. L 

The convers-ion of some home appliances where heat.is 
involved.has raised'some conc.erns. The user might confuse 
Celsius and Fahrenheit terms and. touch an appliance that was 
thought to be warm when it is actually very hot. The result 
might be a serious burn. 

. /* 
, Industry.fmight ,have a similar problem with thermometers 

and pressure gauges. For example, at an aluminum plants a 
control.operator set a temperature gauge on a furnace at a 
leve.1 which he..thought would heat an aluminum ingot to a 
workable temperature. However, the gauge was in Celsius k- F 
rather.than Fahrenheit and instead of a.heated ingot, the g 
inner furnace was covered,with molten aluminum. 5 g, E L 

We do,not know how serious these problems might be, but 
they are concerns that would have to be dealt with in a metric 
conversion. 

METRICATION LESSONS LEARNED BY 
OTHER COUNTRIES 

Regardless of the differences in physical and economic 
characteristics and types of governments between the coun- 
tries that have converted or are in the process of,conver- 
ting --Australia, Canada, New Zealand, and the United Kinqdom-- 
and the United States, their experiences could provide'valu- 
able guidance if the United States adopts a national policy 
to convert. We believe these countries' metrication experi- 
ences have shown' that certain principles should be adopted 
if the United.States is to convert to a predominantly metric 
system of measure in an efficient and economical manner and 
within an optimum period of time. These principles or les- 
sons learned and the current position in the United States 
are as follows: 

31-21 



i Lessons learned by Statuss?n the 
other countries United States 

'(1) A.clear and firm Govern- ) The United States has 
ment.commitment to convert not adopted this 
isnecessary'to, achieve a popicy, and there is 
successful conversion. muc'h confusion"'as to 

whether the United 
States is committed 
to a metric America. 

(2) A central body should be The Metr,ic Hoard 'had 
established early, shortly 
after the.national commit- i.,a 

not become fully oper- 
atfonal-- over 

ment is -m:ade,'. toe plan and 
2 years 

coordinate the conversion 
! after the passage of 

.the 1975 Act--at the 
" and inform the,various time'this report went 

sectors and the,public of .' 
metric activity.. 

to print. 

(3) I A ,well-developed plan 
must be prepared and 
effectively implemented. 

f' 

There is no national 
plan and should not 
be under the current 
law and national: pol-.' 
icy. However, there 
is some coordination 
being'done by the 
American National 
Metric Council, but 
most of 3it'i.s very 
preliminary; 

(4) A successful voluntary 
conversion must even- 
tually become mandatory 
through,laws and regu- 
lations, etc., in order 
that the metrication 
program can be completed. 
Necessary exceptions 
should be permitted. 

.The 1975 i;ct did not . 
contain and the Metric 

+Hoard does not have any 
compulsory powers. 

(5) An overall target-date 
must be established for 

No overall target date 
exists for conversion 

the country by the Gov- 
ernment, and specific 
target dates must be 
established for the 
various sectors by those 
affected. 

in the United States. 
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,’ Status in the 
UnitedStates 

, 
These.are some of the 
responsibilities:m,of 
the Metric Board. 

(6) The ,public .must be ad- 
equately. in-formed. and 
educated, and responses 
must be,made to consumer I 
concerns-. Conversion 
of.the retail sector is 
the most diffi.cult and 
must receive special 
attention., i . " '. ;.,' / 

; 
(7) The 'pr,inciple of .letting 

%. ,.I :, <>. 
To date: there are no 

costs lie. where; they Feder.al,.metric assis- 
fall should, be adopted tanc-e programs and 

.if at all possible. All 
.' 

none provid'ed for in 
the foreign countries did 
this, 

,the,..Metric Conversion 
although a few made Act of 1975. However, 

some exceptions. about $6.3 million has 
been provided for me,tA 
ric education .grants. 

(8) The use.of the Govern- Using procurement by 
merit's pur,c,hasing power the Federal Government 
greatly fat-ilitates as a means to effect 
the conversion. (Gov- conversion is one of 
ernment should, be care- the subjects mentioned 
,ful that it does not in the 1975 Act that 
pit-k up the tab- for an the U.S. Metric Board 
inordinate amount of may examine. 
private enterprise's 
metrication costs.) 

.' ,: -_ 
(9;) The conversion of, cer- The National'Weather 

tain sectors,. such as Service-has a.,plan to 
sports and weather do just this regard- 
reporting, is an excel- less of the current 
lent means of educating national policy. Some 
the public. sports notably field 

and track and swim- 
ming, are using the 

'metric system because 
world records are, in 
the metric system. 
Under the current na- 
tional policy, it 
would seem inappro- 
priate .to convert 
weather and sports for 
educational purposes. 

Lessons ,learned by 
othe,r countries 
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Lessons learned by, 
other'countries. '. 

-Status in the' 
United' States 

: ,? 
(10) Avoid dual labeling 1 " 

(in both metric an'd 
Many-'consumer food 
products are'dual : 

-the previous system) labeled. The Metric 
whenever possible, and Board could encou'rage 
keep the time period of the adoption 0.f this 
dual usage to a minimum. policy by those,that 

decide-.to-voluntarily 
convert, but it would 
be more'appropriate, 'i: _( 8 under ,& n~fio.&l.' pi6L' 
gram with a"'firm God' 
ernmentcommitment: ) 

'::. 1,. ,!'I' 
To assist firms and other organizations.in, the prepara- 

tion'of materials and products used:,for distributionor ,sale 
to,the public, Canada established the capability to;review' 
proposed material for accuracy of metric terminologyand 
permitted the use of their logo on approved material. This 
assures the public that the metric data is'accurate. 'It 
is not intended to serve as an endorsement of the product. 

Consumer or public reaction to metrication has been a 
major force in determining whether a conversion to the'metric 
system can be successful in 'these countries. Experience,has 
shown that if conversions of some consumer products are"not 

‘handled properly, adverse consumer reaction results. Y&f, 
these.countries have.also .found that when consumers view met- 
rication as not being harmful to their interests, conver'sion 
becomes a "non-event." "It must be kept in mind;however, 
that all these.countries had a national commitment by the. 
Government to 'convert to the metric'system. 

,In the United Kingdom, government officials, as well'as 
industrial, retail, and consumer organizations wanted to limit 
the-use of a dual system to as short a time period as possible. 
This highlighted the need for statutory cut-off dates which.the 
1976 Weights and Measures Act permits. This was to be accom- 
plished by means of government orders which had to be approved 
by Parliament. Essentially this moved the program from the 
voluntary to the .mandatory stage. 

Orders have been appr'oved by Parliament fixing dates to 
terminate imperial.quantities for a number of pr,epackaged 
foods, including sugar, salt, tea, cornflakes, biscuits, and 
edible fats. However, orders proposed in 1978 for nonpackaged 
goods, such as loose fruits and vegetables, hardware, text.iles, 
and floor coverings, 'were not approved because of public opposi- 
tion. It has been reported that the government has abandoned 
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its mandatory conversion program and is reverting to its 
voluntary,conversion program. Thus, the retail sector in the 
United Kingdom is in a very confused sta'te with some.items 

'being sold in metric units and other items remaining in imperial 
units. At this time we do not know what effect this action 
will have on the United Kingdom? conversion program but it 
is apparent that it will be some time before the retail sector 
is metric. 

USING,BOTH SYSTEMS 

Although there is some use of the metric system, the 
United'Statesis a predominantly customary country. We be- 
lieve, along with most others, that the United States or any 
other country cannot effectively operate under a dual system 
of measurement. A dual system-- usage about equally divided 
(ranging from 40 to 60 percent) between the two systems-- 
would be inefficient., uneconomical, and confusing to every- 
one, especially the general public. Educators would probably 
be teaching,both systems with somewhat equal emphasis. Laws, 
regulations, ordinances, and codes,would be a confusing tangle 
using both systems. 

OVERALL CONCLUSIONS 

No country with a combined economy ,and population any- 
where near the size of the United Stateshas ever converted 
to the metric system. If there is a conversion,.the specific 
effect it would have on our qconomy is undeterminable, but 
the impact on our society would be great. 

There is insufficient evidence to support or refute the 
belief that conversion to the metric.system by the United 
States is inevitable. But a nation or an.organization should 
not convert simply because metrication is thought to be inev- 
itable. However, as more people believe in inevitability and 
convert because of this belief, metrication then becomes in- 
evitable. Before embarking on a full-scale national metric 
pr,ogram s.ufficient j,ustification, supported by evidence, must 
be provided to the American people. 

Most of the cited metrication benefits are goals which 
have always existed and have been achieved to various degrees 
under the customary system. Metrication is being viewed by 
proponents as the opportunity to achieve them (to a greater 
degree). However, actually achieving the benefits is ques- 
tionable, and their values are generally undeterminable. 

The total cost of metrication is likewise undetermin- 
able, in spite of various'estimates that have been cited in 
the last decade by various organizations and individuals. 
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These.estimates vary widely,and often.are not-based on detailed 
analyses of the factors involved; They generally 
are low or'high depending on the conversion experience of 7. 
those providing these figures and their position on convert- 
ing or not converting to the metric system. 

. 
However, based on the limited cost data that was 

available to us and the input from,the various representa- 
tives from a wide spectrum of organizations throughout the 
country, the cost will be significant--in the billions of 
dollars. 'It would seem reasonable that if conversion is war- 
ranted, the principle of-letting .the costs lie where.:they 
fall should be adopted. ,Very 1ikeTy if this $rinciple,could 
not.be.generally adhered to and'substantSal.Government'finan- 
cial assistance was required, 
justified. 

t,hen conversion would not be 
I., i' . .,- , 

. .L. 
.In.order to have the opportunity, to.achieve.improvements 

or benefits, the conversion must be a hard conversion, a ‘_ 
change in product dimensions, rather than a soft conversion., 
using metric equivalents. However, we question the reason- 
ableness of changing the sizes of products where no changes 
are needed or justified. 

Because most countries use the metric system of measure- 
ment, the United States cannot deny the existence of the sys- 
tem or prohibit its use. Xt should be noted that the extent 
to which each country adopted and uses the entire interna- 
tional (SI) metric system is unknown. 

A multitude of factors affect world trade, and the meas- 
urement system used is considered to be of minor importance. 
A majority (60 percent) of the largest U.S. industrial busi- 
nesses-- the Fortune 500--who'responded to our questionnaire 
believed conversion would facilitate trade through a common 
measurement language, but over 80, percent, indicated they did 
not expect any significant change in either exports or imports 
as a result of conversion. A majority of the firms responding 
cited factors such as competitive prices, high quality, supe- 
rior technology, and good reputation and reliability as being 
of major significance in promoting exports. Engineering stand- 
ards and the design and manufacture of products in either 
metric or customary units were considered to be of major sig- 
nificance in promoting trade by relatively few of the respond- 
ents. Less than 5 percent of the respondents considered. meas- 
urement units to be a major significance in deterring trade. 

American firms have been trading for centuries with 
countries that (1)'use various measurement systems, (2) have 
different requirements and laws that must be complied with, 
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and (3) speak different languages; We.found no evidence,:to 
show whether the Nationjs trade would be signific.antly.affected 
by converting to the metric system or remaining with the cus- 
tomary system. '., 

.._, 
A matter to .be considered is whether the demands for the 

use'of the metric system in world trade warrant the effort 
and expense needed to c,onvert our day-to,-day affairs,- such 
as highway,speed limits, consumer products, and weather report- 
ing, into metric measures. _, 

L .^ 
Actions ,by Federal agencies, multinational.ifirms, :edu- 

caters, 'and :others aided-.by;'a.general feeling of inevitability 
and misstatements'about metrication throughout:the-countrytend 
to forge a metric policy,~for the entire Nation. ,;A policy to 
convert to the metric system should be made by the representa- 
tives of the, people--the Congress. It appears to us that 

.-under the.present ,policysand ,the current trend of events, 
the W-nited ,States will eventually;become a predominantly 
metric country. : . 

* - . 
Current policy has been misinterpreted, and within this 

context attempts have been made to convert to the metric 
system. It would seem that as a minimum, before voluntarily 
deciding to convert;.there should be _ 

--a clear understanding of the policy, 

--knowledge of the costs and benefits involved, 

--an assessment of the impact onthe sector involved 
and any related sector, and 

--a determination of the impact on consumers. 

Any attempts to arbitrarily increase metrication activity 
could seriously undermine existing policy and lead to unnec- 
essary metrication. Due care, therefore, must be exercised 
in carrying out the policy. 

There is no guestion that one system should be predominant 
because the existence of a dual system for any length of time 
is impractical, inefficient, uneconomical, and confusing. It 
is not too late to make the decision as to which system is 
to be predominant. The decision is not an easy one.because 
valid national conversion costs and the value,of any benefits 
are not available.. 

Since a decision will affect every American for decades 
to come, we believe the decision, which is to continue with 
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the current policy .or change it, should be made by the 
representatives of the people--the.Congre-ss. 

__ .'. 
We believe that this report will provide v,aluable infor- I 

mation on metrication and the issues involved to the Congress, 
the Administration; the ,U.S. Metric Board, and to the American 
people. 

Specific recommendations pertaining to measur-ement 
activities regarding fasteners, transportation, tires, petro- 
leum, State governments, education, beverages, consumer prod- 
ucts, and weather are dilscussed in the respective chapters 
-of this report and for the most part are not iincluded in this 
chapter. We are making the following recommendations to help 
implement the current national policy in accordance with the 
1975 Act and its legislative history. 

RECOMMENDATIONS ,' /, 

We recommend that the U.S.'Metric Board:: 

--Inform the American people that conversion"is strictly 
voluntary and that our national policy does not favor 
the metric system over the customary system;,or vice 
versa. '. ,' ': 

--Ensure that its policies and actions 'do not advocate 
or discourage the use-of-one system over thei.other. 

--Ensure that if a voluntary metrication propo-sal is 
presented to the. Board, that all affected,.parties are 
adequately represented in the voluntary decision- 
making process. 

--Hold public hearings on those conversion p1an.s that 
affect the general public to obtain their ,'comments 
which should be considered in finalizing such plans. 

--Make provisions to handle,,questions and complaints by 
the general public in an expeditious manner. 

--Adopt a national metric symbol (logo) to be used only 
on materials that the Board h.as reviewed for .accuracy 
and completeness and make the public aware .of this 
designation. I' 

., 
--In planning and coordinating conversion activities of 

U.S. industries involving the adoption of international 
standards, give consideration to those conversion ac- 
tivities that have taken place, such as that of the 
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U.S., fastener industry in its attempt t0.achiev.e (1) 
adoption of itsproposals for internatconak standards 
and (2) the benefits of standardization and rational- 
izatkon. : : 

-, 
--Use the exper-ience qained in the conversion of the 

wine and distilled spirits industries in reviewing 
plans for other sectors, especially those involving 
consumer products. 

--Develop avenues through which -the.States may,define 
their roles and coordinate appropriate voluntary con- 
version activities among other States und,er the current 
national policy. ~ : <. : 

:, ',.\ .;. 
--Ensure that State education .agencies and the U.S. 

Office of Education coordinate the timing of metric 
conversion in education so that metric instruction 
in schools will be in phase with the ne.eds of the Na- 
tion in order that time, effort, and.money will not be 
expended to develop and teach a.predominantly metric 
progr,am to students for a still nonme,tric society. 
Educators-must be reminded that U.S.. policy at this 
time is voluntary, which includesthe.option not to 
convert. 

--Consider.the information and specific.recommendations 
con,tained 'in the chapters -o:f this report ,in reviewing 
any conversion plans submitted to the Board. 

We recommend that the Director, Office of Management and 
Budget, in working with the U,S. Metric Board: .. 

--Clarify for Federal agencies what they are expected to' 
do in regard to planning and coordinating a.ny increased 
use of, the metric system. 

--Ensure that Federal agencies establish policies con- 
,sis.tent with the intent of the Metric Conversion Act 
of 1975 and inform the private sector of Federal met- 
rication plans whenever appropriate. 

,." 
--Ensure that Federal agencies convert regulations or 

mount other metrication activities when:the initiative 
comes from the sectors which will be affected--indus- 
try I the States, and the general public. Federal 
agencies should only initiate action when they can 
demonstrate that such action is in the Nation's best 
interest. 
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--Require that Federal agencies.infor'm the public of 
.the impact of those conversion actions that affect 
them and hold public.hearings to obtain their comments 
which should be considered in any final determination 
on such actions. 

AGENCY COMMENTS AND OUR EVALUATIONS 

In an August 7, 1978, letter commenting on our report 
(see app. IL the. U.S. Metric Board's Ad Hoc Committee (Board), 
established to commenton our.report,, stated that the report 
contained detailed information onthe status of voluntary 
conversion in many sectors of.the economy which will be used 
by the Board. However, the Board was in d.isagreement with 
some aspects of the report. It stated that: 

"The Executive Summary doe.s not seem to reflect 
adequately some of the thoughtful analyses con- 
tained in the body of the Report, ,and in some 
instances the Summary distorts the objectivity ., 
of the body of the Report." 

We disagree with this contention and were unsuccessful 
in having the Board specifical1.y identify those stateme,nts 
in the report and the Executive Summary that support this 
claim. L/ The Executive Summary is simply a.summary of the 
material contained in the body of the report and cannot in- 
clude all the detailed analyses. 

The Board, commented that the data,obtained was not eval- 
uated in detail for its validity, as acknowledged in the re- 

'port. Our statement regarding the va.lidity of the data refers 
only to the information about other countries which we ob- 
tained from various sources, summarized, and sent to the 
respective Metric Board or Commission of the ,four countries 
cited. in our report with a request for their review.and com- 
ments. We did not evaluate these responses fortheir validity 
because we would have had to do- detailed analyses in all four 
countries. In the United States we were able to deal directly 
with the responsible individuals involved especially in the 
private sector and did not have to-obtain information through 
a Government metric board or commission. 

A/We received an August 14, 1978, letter from a member of 
the U.S. Metric Board, disagreeing with the Ad Hoc Com- 
mittee's comments, particularly the above quoted comment. 
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The BoardJstated that the.Suminary, implies th-at: .there is 
no national p-olicy now regarding.metricat,ion..,; The Board cites 
the policy set-forth in‘the:l975'AAct and continues by stating; 

.: *< '~ 1 ,j : : ! 
"In a letter from the White House to:,the Execuy 
tive Director of the American National Metric 
Council on December 31; l975', President Eord-, '1; _., '_ 
stated: 

,.I~ !. 
'The Metric Conversion 'Act:of 1975, 
H.R. 8674, 'which I signed*o.n December- 23) r 
sets a 'national' policy of converting to. ;: 
the ,metric system and established a United:'. 

' States.~Metric Board to coordinate',efforts.:. I ', 
for voluntary conversion.' . y. 1 . .: ', 

"The Report'.states that the' na'tioiial policy is not 
generally, understood', but by the 'very c~reation of 
a Metric,Board the Act has provided a mkhanism -f:or 
minimizing any misunderstanding. ' j ., : ; 

"In passing the Metric Conversion Act of 1975, ~ 
Congress committed its support for voluntary con+ 
version to a metr~ic'me~asu-rement system and created : 
a Board 'to coordina'te it. Now that the United 
States Metric Board has been,confirmed, wi-th proper 
staffring 'and budgeting, it will help to..provide 
a clear understanding of whati's involved-, in 'metric 
conversion and what benefits the country can hope to 
realistid'ally-:achieve. Representatives of various 
sectors in the,e,conomy -ser've on the Board so tha-t 
the impact of voluntary conversion on each will,be 
fully considered." ,'. I ;,. '. ':' 

Th,e report clearly ‘states-that the national policy is not: to" 
prefer one system over the.other but to provide- for either 
to be predominanton the,'basis o,f the voluntary.,actions'of 
those affected. Our review'of the legislative-history of the 
Metric Conversion Act of 1975 showed that the Congress did not 
commit itself to conver'sion to the metric system but allows 
for conversion by the voluntary actions of those affected. 
Congressional intent is established'by the Congress and 
not by a letter from the White House to a metric organization 
incorrectly stating that the act set a national pplicy of con- 
verting to the metric system. The quoting of such letters 
especially by the Metric Board, adds to, not minimizes, the 
misunderstanding of our national policy. 

The Metric Board's responsibility under the act is to 
devise and carry out a broad program of planning, coordina- 
tion, and public education, consistent with other national 
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policy and knterests, with the: aim of impl,ementi.ng:,~,the po1;ic.y 
set ..forth in the .ac.t. : -It 'is to serve. as a5foc.al. point for, 
voluntary conversions .to: the metric system. Th,e-. ,Bo.ard ::is .,::,,; 
not to advocate metrication ,-bu,t is to assist vari:ous~:se.ct,ors~ 
when, and if, they choose to convert. 

,' " :, ,. 
As pointed out by the Board', 

Z!,T 
this .report contains.info.r- 

mation that will be used by the Board. We.believe this infor- 
mation will be bene-ficial and hope ,.that the. information on 
benefits and. costs and ad,vantag.es and disadvantages: c.ontained 
in the various' chapters should-.,,be provided to.,the public in 
the BoaTd's public information programs. . . ." .: .' '< , ., 

With ,res&kt~ to cbstl, :th,e ,Board: pointed'.out t.ha't : 
,, , .> ii ., : ;. ,L. ,. . ~ : ,, 

"Conversion: to!‘.metr.ic 
, ,,, (\ ,./ : 

can bei .discus.sed both: from. 
the ,.position ..of advantages and, d.i‘sadv.antages, as : .Y 
treated:;:in the Report,:. .' The question of ~c'ost, how- 
ever., 'cannot:be ea,sily -quantified.; .-b.e.cause -the. Re.port 
fails.toXpoint, out that conversion costs are a one 
time investment, while beneffts,are continuous.::.It 
fails :to,;pr-ovide adequa'te 'analysis to suppo,rt the 
contentionthat 'conversion would, be enormously 
expensive.'" .: : 1 

..I ' .: i 
One of the ascribed'disadvantages frequently attributed 

to metric conversion is that it would be enormously expensive. 
'Th'is is one of the:g,enerallyascribed disadvantages as'~well 
as advantages.mentioned.in the report and discussed more. fully 
in chapter 312,. 'We found th,is .was one o-f the pr,incipal arguments 
used in discussing the ,issue o-f metr,icat,ion. '-.For exampl.eJ, 
estimates:g,iven, in the ,leg‘islative, d.ebate on the Metric ,Act 

reached. up.to $10.0 billion, and the National'Federationof~ 
Independent Businesses advised that the major portion of: the! 
cost would be passed on to the consumer. Costs may be a one- 
time significant investment o.ver a long-per'iod.;,of time.,'tbut as 
shown in our.beve,rage case study, consumers pay ran.:inccreased 
cost every time they buy that product.. .I' I* *.' 

With respect to benefits, the results of our' review 
showed that few--benefits could be directly attr,ibutable 
to metrication. There is no assurance that the ascribed c 
advantages (benef.its) can be achievedTand.most,:if, achievable, 
could be accomplished under.the customar~y system. The Board 
offered no support for benefits to be-achieved,by converting 
to the metric system. ! 

The Board stated that the.status of metric conversion, 
in other countries should be updated to reflect current con- 
ditions. This information is current as the information was 
obtained from these countries in 1978. The only exception 

t 
: 

t. 
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was the public reac,tion against metrication in the.United 
Kingdom which'occurred whenman-y retail areas, such as fruits 
and vegetables, hardware, and floor coverings and tiles-:were 
were schedu~led ,for conversion very recently. 

The Board in its comments cited the following general 
belief: 

'!The f:act tha-t the, United States is the only 
major n'ation not converted to the use of the 
metric 'system has led.leaders in industry, slabor, 
government, and the consumer movement to recognize 
that metrication is in the best interests of the 
United, States in the long.run.. Their voluntary 
metric actions are in response to this interna- 
tion-al s'ituation and are not occur.rinc because 
of the so-called 'inevitabilitysyndrome.'.P There- 
fore, contrary to what the Summary-recommends;. 
no action is .consider,ed necessary to-combat the 
so-called 'inevitabil:ity syndrome,'. norshould 
this lead .us .to.ignoring domestic and international 
realities. ,,A clearer definition of this syndrome 
should be provided to distinguish between the 
United States when interfacing with other.nations 
ve"rsus factors affecting the United States in its 
internal operation." 

i 
The fact that many companies are converting because they 

believe, conversion is inevitable issupported by our ,question- 
nair.es and direct contact with knowledgeable 'industry repre- 
sentatives. 
drome, 

As explained in the report, the inevitability syn- 
coupled with the ripple effect, generates ‘an atmosphe,re 

of conversion to the metric system which appears to,be unwar- 
ranted; . 

'Concerning .the statement that labor has recognized that 
metrication is in the best interest of the United States in-. 
the long run, we are not aware of a major international union 
or affiliate of the AFL-CIO that has made such a statement. 

If. a company wishes to trade in a country, it must con- 
form to the regulations of that country which may cover lan- 
guage I labels, sizes, and so on. As officials of the U.S. 
Office of the Special Representative for Trade informed us, 
measurement hasnot been defined as a trade barrier. Also, 
the use of metric measures could facilitate trade, but it 
is not a significant factor as reported in the 1971 NBS 
study and substantiated by our work. 
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A majority of large businesses believed conversion-.would 
facilitate trade because a common measurement language would 
come into use. Trade,-:is.also faciiit~ated.where the same lan- 
guage is used. But aneven iarge~r,,,majority indicated they 
did not expect any significantchange in either exports or 
imports as,a result of conve'rsion. A majority of the firms 
cited factors, such as competitive prices, high product qual- 
ity, superior technology, and good reputation and reliability 
as b,eing of major significance in promoting exports. The 
design and manufacture of products and engineering standards 
in either metric or customary units were not considered to 
be a significant trade factor. 

With respect to consumer concerns, the Roard- stated 
that: :i -. 

"'The Metric Board recognizes that there is con- 
tern on the part of some consumers regarding metric ., conversion, This- .takes many, forms,, inc,lu.d.ing ,the 
use,of metric meas'urements 'in day-to-da-y living and 
in the market place with such factors as package 
sizing, and price in relation to metric units. 
An ongoing public information and awareness pro- 
gram will have high priority, for Board coinsidera- 
tion. As the:Report states, the public,must,be 
adequately informed and offered'useful education 
and appropriate responses must be-made' available 
for consumer concern." :. , 

We agr,ee and bel'ieve this report will'help-to properly inform 
the consumers--all Americans -lof the advantages and disad- 
vantages of'metrication. Any public information and awareness 
program conducted by the Board should inform the public of 
the potential benefits'and.costs involved,. ' 

Finally the Board sta.ted that: 

"The United States Metric Board will study'the 
relative merits of various alternative's and if 
it deems that any changes in the present Law are 
necessary it will so recommend-to Congress and 
the President in its Annual Report." ', 

We trust this report will assist the Congre'ss, the-Ad- 
ministration, the U.S. Metric Board, and all Americans i'n 
becoming familiar with what.is involved if metric conver- 
sion takes place in the United States. 
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I ‘UNITED’,iTATE$ MET’RIC:BOAf#~ 
Mtigbzine”Bullding - SirHe 261’. . . 

4815 North Lynn.Street 
Artlngton, VA ,. 22208 

.’ 

August 7, 1978 

. . 
,!. 

Honorable Elmer B. Staats .<.' 
Comptroller General of the United States 
General Accounting Office .' ',' 
Washington, D. C. 20548 

Dear Mr. Staats: ..', ;. 
,?_ . 

The United States.Metric.Board appreciates the opportunity 
to comment on the extensive General:A,ccpunting ~Office, study 
on "Weighing the Alternatives:. Should the United States Adopt 
the Metric System?"- 'I:.' ._ 

The body of.the report contains,detailed information.on the 
status of;voluntary, conversion inma-ny‘ sec,tors.oVf the economy 
and the information.will.be used by%the,United, S,tates Metric 
Board. Whilethere. are areas of disag,reeme.nt.between the 
United States Metric Board and the GAO Report', the~re is no 
desire to be disagreeable about it. Nor can the Board be 
unduly concerned about its own popularity.while it devotes 
its best effort <to this mos-t seriokand'worthy, subject. : 

The Executive Summary doesnot seem to reflect adequately 
some of the'thoughtfui analyses contained in 'the body,of‘the 
Report, and in some instances the Summary distorts the. 
objectivity .of the body of the Report. 

It is understandable that the scope of the study was limited 
'as are all studies of.this nature. It is,important to note, 
however; that the data obtained was not evaluated in detail 
for its validity, as acknowledged in the body of the Report. 
Also no.samples of questionnaires or other measuring devices 
were included in the‘main Report, and we believe: the value 
of the Report would be enhanced if such references were 
covered. Bach section of the Report has been reviewed in 
depth by members'of.the Un.ited States Metric Board and der, 
tailed comments will be,submitted to GAO on or before Au- 
gust 21. The following comments are. directed primarily to 
the Executive Summary. 

The Summary implies that there is no national policy now 
regarding metrication. Yet, as the Report itself points out, 
in quoting from the Metric Conversion Act of 1975: 
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., .j ,' 

"***the policy of the United States shall be 
to coordinate and plan the increasing use of 
the metrk system inthe United States and '. 
to establish a United.States,:MetricBoard to 

'coordinate the- vo"luntary conversion to.the 
metric system." : .' 

,' , i )' 
In a .-letter. from The White:,Ho.use to the '.Executik Direct'& o'f 
the American <National Metric. Coun&l.on.-December 3,l.i 1875;: 
President. Ford. stated: i ,. ; ',, ;,, c ,.?- ,,: L,,:;. ,. 

,'. 
"The .M.etr,ic'.Conversion Act'oi' 1975 

"' : 
H.R..:, $'674, " 

which I signed. on December, i3, set;.. a‘.'na.tion,al 
.,. . . 

policy o.f.converting' to the metric system-and, : :-. 
.' established a United States, Metric Board :t,o: '+:. :: 

coordinate efforts for voluntary convers.ion." 

.The Report states that the.national policy is not .generally 
understood, but by the very creation of 'a Metric Board the 
Act hasprovided a mechanism for.,minimizing, any misunderstand-. 
ing. 2 . . '. 

In,-pas,s,ing the Metric .Convers,io.n Act of 1975, Congress. committed 
its suppor;t for voluntary: conversion,.to a predominantly"me$ric 
measurement system.and created 'a Board to coordiqate it: Now 
thatthe United :States.Metric Board has been confirmed, w.ith 
proper staffing and budgeting,, it will help.to provide a clear 
understanding, of what is involved in metric conversion and 
what benefits the.,country can,hope to realistically achieve. 
Representatives of..various sectors in the economy,serve on 
the Board so that the impact of voluntary conversion on e,ach 
will be fully considered. 

Conversion to me,tric can be,,discus~sed both,from the position 
of advan'tages“and disadvantages, as treated in the Report. 
The question of cost, however, cannot be -easily quantified, 
because the Report fails to point out that conversion costs 
are a one time investment, while benefits are continuous. It 
fails to provide adequate analysis to support the contentiqn 
that, "conversion would be enormously expensive." A part of 
the United 'States Metric Board 'responsibility is to investigate 
fully the costs and benefits involved so that any change can 

.be economically and efficiently accomplished. 

The Executive Summary comments on the status of metric con- 
version in other countries. This should be updated to reflect 
current conditions. .Of course, a United States Metric Board 
must remain current in-all such matters. 

L/The Board stated it inadvertently used the word "predomi- 
nantly" and requested that it be deleted. 
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; . . 

The. fact that the United States is the only major nation not 
converted to the use of the-metric system has led leaders 
in industry, labor, government and the consumer movement to 
recognize that metrication is in the best interests of the 
United States in the long run. Their voluntary metric actions 
are in response to,this international situation' and are,not 
occurring because of the,.,&-c&led 
Therefore, 

"inevitability syndrome." 
contrary to what the Summary recommends',:no'action 

is considered.necessary to combat the so-called "inevitability 
syndrome," nor should this! lead us to' ignoring domestic and 
international"realitie~sL A clearer definition off ‘this. syndrome 
should be provided to distinguish betweenfthe United S,tates 
when interfacing .tiith othernations*versus factors affecting 
the United States in its internal operations. 

The.Metric Board recognizes thatthere is 'concern onthe.,:. 1 
part of some consumers -regarding metric -conversion. This 
,takes many forms; including'the use of,metric measurements ' 
in day-to-day living and in the market place with such factors 
as package sizing, and price in relation to metric units. 
An ongoing public information and awareness. program will .have 
high priority for,Board consideration; - As,the Report states, 
the public must be adequately inf-ormed and offered useful 
education and appropriate responses must be made,.available 
for consumer concern. The Act clearly defines the .responk . . . . 
sibility of the.Board on this matter, and' any act&tin .to " 
contravene this. can be interpreted'as an ef'fort to deprive 
the public of facts concerning the metric system and its 
application. ., L .,. 

: . 

GAO note: Material'has been deleted.beca&e of changes in 
final repoft. 

', 
, 

The Report suggests that decisions which affect so many. 
people in our country should'be made by.‘the'representatives 
of the,.people - the Congress. In passing -the Metric Conversion 
Act of 1975, and the Education Amendments Act of 1974, 
Congress has done just that. 

,The United States Metric Board will study the relative merits 
of various alternatives and if it deems that any changes in 
the present Law are necessary it will so recommend to Congress 
and the 'President in its Annual Report. - 

.' 
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In considering the Metric Act, the Congress gave this subject 
thoughtful consideration and careful analysis before passing 
the Act overwhelmingly. Wisdom reasons that it deserves an 
opportunity to function in the best interests of all United 
States citizens. Under such circumstances the Metric Act 
is a careful statement of Congressional intent. 

We hope the above comments will be helpful to you in re- 
vising the Executive Summary. 

4 Or 

Ad Hoc Committee 

Copy: Dr. L. F. Polk 
Dr. M. E. O'Hagan 

e 
E 
F 
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ANNEX.1 ANNEX I! 

ASSOCIATIONS, COMPANIES, ORGANIZATIONS, AND-GOVERNM,ENTAL " 
._ -' __: 

AGENCIES CONTRIBUTING INFORMATIoN FOR THIS REPORT 

A & M Sheet Metal Co. 
Abbott Laboratories 
Abrams Aerial Surve:y- 
A. Brandt Company Inc. 
Accoustical and Board Products Association 
Ace Supply Co. 
ACF Industries, "Inc. iv .' _' -,-'- 
Acme Block & Supply Co. .. :. : ' 
Acme Foundry Inc. ., * I. 
Acme Industrial Products, Inc.' . ',< ' 
Acme Mills Co. 
Acme Tag & Label Co. ', : 
Acorn Tool & Die 
Adam Block & Sons, Inc. .( 
A. Dayton Lovelady 
Addressograph Multigraph Corp. 
Adelaar Brothers, Inc. 
Adele Simpson Inc. 
Adelphia Automatic Sprinkler 

.A. De Swaan Inc. I 
Adolph Coors Co. 
Advance Car Mover Co., Inc. :+ c 
Aerospace Industries Association:of..America,'Inc. 
A. E. Staley Manufacturing/Co.': ..: 
Agway Inc. ':- 
Aiken Concrete 
Airguard Industries Inc. 
Airco Inc. !. 
Air-Conditioning & Refrigeration Institute 
Air Products & Chemicals Inc. v 
Air Transport Association of America,.:. 
Ajax Hardware Corporation 
Akron Standard 
Akzona Inc. 
Alcan Aluminum Corp. 
Alcatraz Company 
Alden Lyle Co. 
Alexandria Drafting Co. 
Allan S. Goodman Inc. 
Allegheny Ludlum Industries 
Allen Industries, Inc. 
Allied Chemical Corp. 
Allis-Chalmers Corp. 
Alox Corporation 
.Alumax Corp. 

I-l 
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Aluminum Association, Inc; " 
Aluminum Company of America 

._ 

Alwin Manufacturing Company 
AMAX,Inc. 
Amerace Corp. - ESNA Division 
Amerada Hess Corp 
American Apparel Manufacturers Association 
American Architectural Iron Co. 
American Artstone Company 
American Asbestos Products Co. 
American Association of Construction Engineers 
American Association of State Highway and 

Transportation Officials 
American Automobile Association 
American Bakeries Co. 
American Boiler Manufacturers Association 
American Brands Inc. 
American Broadcasting Cos. 
American Can 
American Ceramic Society 
American Chain and Cable Co., Inc. 
American Chapter/International Real 

Estate Federation 
American Chemical Society 
American Concrete Institute 
American Concrete Pipe Association 
American Congress on Surveying:~& Mapping 
American Consulting Engineers Council 
American Corporation 
American Cyanamid Co. 
American Dental Association 
American Device Manufacturing Co. 
American Federation of.Labor and Congress 

of Industrial Organizations 
American Federation of Small Business 
American Frozen Food Industry 
American Gear Manufacturing Association 
American Hoist & Derrick Co. 
American Home Economics Association 
American Home Products Corp. 
American Hospital Association 
American Industrial Real Estate Association 
American Institute for Design & Draft 
American Institute for Imported Steel 
American Institutes for Research 
American Institute of Architects 
American Institute of Constructors 
American Institute of Landscape Architects 
American Institute of Merchant Shipping 
American Institute of Real Estate Appraisers 
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American Institute of Steel Construction 
American Institute of Timber Construction 
American Insurance Association 
American Iron and Steel Institute 1 ' 
American Land Development Association 
American Landmark Corp. 
American Lumber Standards Committee 

b American Management Association 
American Manufacturing Co. Inc. 
American Medical Association 
American Motors Corp. 
American Mutual Insurance Alliance 
American National Metric Council 
American National Standards Institute 
American Paint Products Co. 
American Paper Institute 
American Petroleum Institute 
American Pharmaceutical Association 
American Plastic Products Co. 
American Playground Co. 
American Plywood Association:l ~ 
American Reinforcing Bar Producers 
American Right of Way Association 

, American Road Builders Association 
American Samoa Metrication Project 
American Shipbuilders Council : 
American Sign and Indicator Corp. 

‘, 

/  

, .  

American Society for Engineering & Education 
American Society for Hospital Engineers 
American Society for Landscape Architects., Inc. 
American Socie-ty .for Metals . Y 
American Society for Planning Of,ficials. " .' 
American Society for Quality Control, 1,nc.i 
American Society for Testing and Materials 
American Society of Agricultural Engineers 
American Society of Appraisers 
American Society of Architectural Hardware Consultants 
American Society of Civil Engineers 
American Society of Concrete Construction 
American Society of Interior Designers, Inc. 
American Society of Heating, Refrigerating, and 

Air-Conditioning Engineers 
American Society of Mechanical Engineers 
American Society of Plumbing Engineers 
American Society of Real Estate Counselors 
American Society of Sanitary Engineers 
American Specifications Institute 
American Supply Association 
American Standard Inc. 
American Steel Works . 
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American Trucking Association 
American Welding Society :' 
American Wood Council 
American Wood-Preservers Association 
American Wood Preservers Institute 
AMF, Inc. 
AMP Inc. 
Amstar Corp. 
Amsted Industries Inc. 
Amtel Inc. 
Amtower Orthopedic Appliances 
Anaconda Co. 
Anchor Hocking Corp. 
Anderson Ford Inc. 
Anderson Machinery Co. 
Anderson-McGriff Co. 
Andrew Obes Son Inc. 
Anheuser-Busch Inc. 
A. 0. Green Refractories Co. 
A. 0. Smith Corp. 
Apartment Owners and Managers Association 
Apex Corporation 
Apex Tool Works Inc. 
Apex Wines-Liquors 
A. Phillips & Sons 
Appalachian Hardwood Manufacturers Association' 
Apparel Manufacturers Association of Canada 
A. R. Abrams Inc. 
Arbed Steel Co. of Luxemburg 
Archer-Daniels-Midland.Co'. 
Architectural Aluminum Manufacturers Association 
Architectural Art Manufacturing 
Architectural Woodwork Institute 
Aris Products Co. Inc. 
Armco Steel Corporation 
Armstrong Cork Co. 
Armstrong Rubber Co. 
Arnold Glick & Co. Inc. 
Aromatic Red Cedar Closet Lining Manufacturers Association 
Arthur F. Schultz Co. 
Arthur H. Freedberg Co. 
Arvin Industries, Inc. 
Arvin Water Co. 
Asarco 
Ashland Oil Inc. 
Ashton Brothers Co. 
Ashton Lewis Lumber Co. Inc. 
Asphalt Institute 
Associated Builders & Contractors, Inc. 
Associated Food Equipment Co. 

.- 
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Associated General Contractors of America 
Associated Milk Producers '_ : 
Associated Sandblasting Contractors‘ kz "' 
Associated Specialty Contractors 
Associated Student Products 
Association of American Railroads ,"' . . . 
Association of Asbestos Cement Pipe Products , 
Association of Asphalt Paving Technologists .' 
Association of Canadian Distillers 
Association of Drilled Shaft Contractors 
Association of Home Appliance Manufacturers ~ " 
Association of Steel Distributors .' \ 
Association of University Architects 
A-T-C Inc. 
Atlantic Richfield Co. . 
Atlantic Varnish and Paints 
Atlas Automation, Inc. 
Atlas Corrugate'Case Co. Inc. 
Atwell Co. ; ." 
Atwood Adhesive Inc. 
Aufdemkampe Hardware Co. 
Aurora Blacktop Inc. 
Austin A. Baker Estate ,, 
Auto Cast Inc. 
Auto Chlor System Inc. 
Automated Procedures for Engineering Consultants 
Automotive Service Councils, Inc. 
Auto Parts Co. Inc. 
Avalon Classics Inc. 
Avco Corp. 
Avery International 
Avnet Inc. 
Avon Products Inc. 
Babcock & Wilcox Co. 
Badger State Bank (WI) 
Badgett Steam Lubricator Co. 
Bailey Lumber Company 
Baker International 
Ball Corporation 
Ballymore Company 
Bank of Currituck (NC) 
Bank of Hydro‘(OK) 
Bank of Lemmon (SD) 
Bank of Lyon County (KY) 
Bank of Woodstock (GA) 
Barker Advertising 
Barmakian Brothers 
Barnett Optical Co. 
Barnstable County Supply Co. 
Bauer Industries Inc. 

t 
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Bausch & Lomb 
Baxter Land Co. Inc. . 

--i, ), 

Baxter Travenol Laboratories, Inc;'.-. 
B & B Tool & Die Co. Inc. .‘ :. 
Beaco Equipment Company 
Beamis Co. Inc. I 
Beatrice Foods Co. 
Bechtel, Inc. 
Becton Dickenson & Co. ..' ' : 
Beech Aircraft Corp. : ,' 
Belco Petroleum Carp;,, * 
Bell & Howell Co, 
Bellas Co. Inc. ;. 
Belle Isle Apartments 
Bendix Corp. 
Berghausen Chemical Co. .: 
Bergman & Isaac 
Berkel Inc. 
Berringer Brothers Wine Co. 
Bethlehem Steel Corp. 
Bethlehem Suburban Motor Sales 
Better Brands of Atlanta Inc. 
B. F. Goodrich Co. 
B & H Tool & Machine Corp. 
Bill Collins Ford 
Bill Garrett Chevrolet Inc. 
Billy the Kid 
Bilt Rite Construction Co. 
Biosearch 
Bishop Distributing 'Co. 
Bituminous Pipe Institute 
Black & Dec'ker Manufacturing Co. 
Black River Quarry Inc. 
Blakely Laundry Co. 
Blissfield State Bank (MI) 
Bliss Steel Products Corp. 
B. & L. Machine Com,pany 
B. L. Marder Co. 
Blom Industries Inc. 
Blue Bell Inc. 
Bluebird Inc. 
Blue River Sand & Gravel Co. 
Boeing Company - The 
Boichot Concrete 
Boise Cascade Corp. 
Boland Marine & Manufacturing Co. Inc. 
Bone Inc. 
Boone State Bank ,(IL) 
Boonville Manufacturing Corp. 
Borden Inc. 
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Borg Warner Corp. 
Boro Lumber Co. Inc. 
Bosak Motor Sales Inc. 
Boston Digital Corp. 
Bouma Tile & Acoustical Co. 
Bowdil Company 
Brake Supply Co. Inc. 
Brandon Applied Systems, Inc. 
Branom Instrument Co. Inc.' '_ 
Brattle Instrument Corp. 
Brennan Brothers- - ' :" 
Bresee Chevrolet Co. Inc. '. , 
Brewers Association of Canada 
Brick Institute of America ; 
Bricklayers, Masons, '.' 

Union of America 
& Plasterers Intepnational 

Bristol Myers Co. 
British Aircraft Corp. 
British Government 

British Embassy 
British Standards Institute 
Department of Prices and Consumer Protection 
Metrication Board 

Bronxville Public Schools 
Brockway Glass Inc. 
Brooks Foundry 
Brown Group Inc. 
Brown & Root, Inc. 
Brown and Sharpe Manufacturing Co. 
Bruce H. Rittenburg III 
Brunswick Box Co. 
Brunswick Corp. 
Buchanan-Cellers Grain Co. 
Buchman & Buchman 
Buchyrus-Erie Co. 
Budd Co. 
Buell's Speedometer Service 
Builders' Hardware Manufacturers Association 
Building Officials & Code Administrators International 
Building Owners & Managers Association International 
Building Research Institute 
Building Stone Institute 
Burleson State Bank (TX) 
Burlington Industries Inc. 
Burlington Sign Company 
Burroughs Corporation 
B. W. Controls Inc. 
C. A. Briggs Company 
Cabot Corp. 
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Caldwell Distribution Co., Inc. .-. 
California Property Broakers Ltd. ), 
California Redwood Association J. 
Calmar Manufacturing Company Inc. 
Calnap Tanning Co. 
Cameron Iron Works, Inc. . 
Campbell Soup Co. 
Campbell Taggart Inc. 
Canadian Beverage'& Glass Association 
Canadian Construction Association 
Canadian Farm and Industrial Equipment Institute ,. ., 
Canadian Home Economics Association f._ ;,: '. .; 
Canadian Hospital Association ,.,G ., 
Canadian Soft Drink Association :' , 
Canadian Wine Inst,ifute j _ ./' 
Canadian Wood Council 
Can Manufacturers Institute 
Cannon Mills Co. 
Capital Machine Co. Inc. 
Capitol Engraving Co. i. 
Capitol Toy Distributors Inc. 
Carborundum Co. . ." 
Cardunal Savings & Loan Association (IL) 
Carl Heinrich Co. Inc. I 
Carl I. Schaeffer Electric Co. 
Carling-National Breweries, Inc. 
Carlsbad Auto Co. 
Carlton National Bank (MN) 
Carnation Co. 
Carney Buick Company 
Carol10 Construction Co. ,. ., 
Carrier Corp. 
Carroll Independent Fuel Co. 
Carrollwood State Bank (FL) ,' 
Cary Publications Inc. 
Casey Sound Systems Inc. 

,Cast Iron Pipe Research Association 
Cast Iron Soil Pipe Foundation .' i. 
Cast Iron Soil Pipe Institute 
Castle & Cooke Inc. 
Castle Cars Inc. 
Cast Specialties Inc. 
Catawba College 
Caterpillar Tractor Company 
Caudill Rowlett Scott, Inc. 
Cavalier Press, Inc. 
Caxton Printers Ltd. 
CBS, Inc. 
Ceiling & Interior Systems Contractors Association 
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Celanese Corp. -. 
Cellular Concrete Association '. /- 
Cel-U-Dex Corporation 
Center Chevrolet Inc. 
Central Apex Engraving Co. 
Central Beer Distributing Co., Inc. .* 
Central Investment Corp. '- 
Central Liquor Store, Inc. 
Central Ohio Breeding Association ,' ‘ 
Central Rubber Co. Inc. _ 
Central Soya Co. Inc. ,/.,i ,, / . . '-. 'L./I : " 
Central Washington Grain Growers Inc. : _., 
Central Wood Preserving : 
C. E. Pennington Co. ,I 
Cereal Institute ', ..: jj 
Cerro-Marmon Corp. ./ './ . I' 
Certain-Teed Products Corp. -, I /: : , 
Certified Ballast Manufacturing Association 
Cessna Aircraft Company 
CF Industries, Inc. 
Chain Link Fence'Manufacturers Institute 1 
Chamber of Commerce'of the United States 
Champion International Corp. 
Champion Spark Plug Co. 
Charles D. Best, General Contractor 
Charles H. Beckley Inc. 
Charter Co. 
Cheeseborough Ponds, Inc. 
Chemetron Corp. 
Chemray Coatings Corporation 
Chem-Trand Inc. 
Cherokee Industries Inc. 
Chesterfield Yarn Mills Inc. 
Chetek State Bank (WI) 
Chicago Bridge and Iron Company 
Chicago Sanitary Rag Co. 
Chicago State University 
China Trade & Industrial Service 
Christian Brothers Wine Company 
Christian County Farmers Supply 
Chromallow American Corp. 
Chrysler Corporation 
Cincinnati Milacron,Inc. 
Cities Service Co. 
Citizens Bank (MC) 
Citizens State Bank (KS) 
Citizens State Bank (ND) 
Citizens State Bank (TX) 
Citizens Telephone Co. Inc. 
City of St. Louis Park, Minnesota 

_. ,: ,’ 

:’ : i 

-,, ,, ‘.’ ,,/ 

:’ 
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C. J. Erickson Plumbing Co. 
Clarence Cardin 
Clarence Dixon Cadillac Inc. 
Clark Equipment Co. 
Clark Oil & Refining Corp. 
Clements Supply Co. Inc. 
Cleveland Grocery Co. 
Cleveland Ignition Co. 
Cleveland Mills Company 
Cleveland State Univers_ity 
Cleveland Steel Container 
Clipper International Cor.pb4. 
Clorox Co. 
Clover Farms Dairy 
Cluett Peabody & Co, Inc. 
Cobbs Manufacturing Co. 
Coca Cola Bottling Co. Inc. (IN) 
Coca-Cola Co. 
Colgate Palmolive Co. 
Collins & Aikman Corp. 
Colonial-Pet2 Corp. 
Colt Industries Inc. 
Columbia Pictures Industr-ies, Inc. 
Column Research Council 
Comatic Laboratories, Inc. 
Combustion Engineering Inc. 
Comfort Brick & Tile Co. 
Comfort Chair Company 
Commercial Bank (MO) 
Commercial State Bank (IL) 
Commercial Warehousing Co. 
Commissioner of Baseball 
Commonwealth Oil Refining Co. 

, ,  ‘. 

.’ 

Commonwealth University 
Computer &.Business Equipment Manufacturers Association 
Concrete Products Co. 
Concrete Reinforcing Steel Institute 
Cone Agra, Inc. 
Cone Mills Corp. 
Conference of American Small Business Organizations 
Consoleum Corp. 
Consolidated Aluminum Corp. 
Consolidated Foods Corp. 
Construction Industry Manufactuers Association 
Construction Specifications Institute 
Construction Writers Association 
Consumers Association of Canada 
Consumers Financial Services 
Consumers Gas Co. Inc. 
Container Corp. of America 
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ANNEX I 

Continental Glass Co. 
Continental Group, Inc. 

AN?NEX' I 

Continental Oil Co.. " : 
Continental Trailways ./ 
Contractors Supply Co. .I. ,. 
Control Data Corporation 
Controlled Atmosphere Processing, Inc. 
Cook Industries 
Cookson Company ,,. 
Cooling Tower Institute 
Cooney Industries Inc. *. ,i' '. 
Co-operative Union Mere. Co. 
Cooper Industries Inc. 1 ..,, :. I 0 
Cooper Tire and Rubber Co. 
Cope Rendering, Co. " \! I. 
Copper & Brass Fabrication Council '. ,. :" .$., 
Copper Development Association, Inc. _._, . ;' 
Cora-Tx Manufacturing Co. 
Corning Glass Company of Canada 
Corning Glass Works 
Coronet Fashions I ': 
Corra Plumbing Co. Inc. a 
Cotter and Company 
Council of Education Facility Planners 1 I) 
Council of State Governments 
CPC International Inc. . ,. 
Crane Co. 
Creative Living System Inc. 
Creative Universal, Inc. 
Crescent Food Co. 
Crescent Machine & Nipple 
Crest Apparel Co. Inc. 
Crestview Vault & Memorial Co. 
Creswell Insurance Agency 
Cronin Supply Co. Inc. 
Crosby-Whipple Oil Corp. 
Crown Central Petroleum Corp. 
Crown Cork & Seal Co., Inc. 
Crown Zellerbach Corp. 
Crystal Heating & Smet Co. 
C. Schmidt and Sons, Inc. 
C. S. Ohm Manufacturing Company 
Cultured Marble Institute 
Custom Built Cabinet & Supply 
Cummings Leather Co. Inc. 
Cummins Engine Co. 
Curtiss-Wright Corp. 
Curtis Universal Joint Co. 

t 

I - 

Custom Fabrics Inc. 

- 
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ANNEX I ANNEX -.I 

Custom Industrial Park Pasco 
Cutler-Hammer Inc. 
Cyclops Corp. 
Cyrus W. Scott Manufacturing Co. 
Dairylea Cooperative, Inc. 
Dana Corp. 
Dana Printing Co. '. 
D. & S. Die and Mold Inc. '. 
Dane Manufacturing Co. Inc. , ., ."- 
Dan River Inc. 
Danside Fabrics Inc. . . 
Dan Tucker Equipment Co. -. . 
Darby Buick Inc. 
Dart Drug ': . "I .'<. 
Dart Industries Inc. II . 
Data General Corporation ', 
David B. Robinson 8 '_. : : '. 
Daw Printing Ink Co. 
Dayco Corp. 
D. B. Enterprises, Inc. 
De Bourgh Manufacturing Co. 
Dedoes Industries Inc. 
Dee Nelson Flowers-Gifts 
Deer Creek Compress Co. Inc. . . . .,. 
Deere & Co. 
Delano Granite Inc. 
Del Mar Die Casting Co. L 
Del Monte Corporation 
Delta Associated Industries 
Delta Microwave 
Deltide Fishing-Rental .." 
Demor's Northway Lincoln Mercury 
Dennis Rzadko's Tires and Wheels, Inc. 
Derby Grain, Inc. 
Deston Co. 
Developmental Sciences Inc. 
Diablo Systems Incorporated 
Diamond Ice & Coal Co. 
Diamond International Corp. 
Diamond Shamrock Corp. 
Dick & Kirkman Inc. 
Digital Equipment Corp. 
Diskey Sign Corp. 
Diso Corp. 
Distilled Spirits Council of the United States, Inc. 
District of Columbia 

City Council 
Department of Education ; 

Dixie County State Bank (FL) 
Dixie Distributing Co. Inc. 

- 
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Dixie Electric Co. 
Dixie Engraving Company 
Dixie National Stockyards Inc. 
Dixie News Co. Inc. 
DoAll Company 
Dotes Sixth Avenue Inc. 
Doerr Electric Corp. 
Dominion Lock Inc. 
Don Jensen Construction 
Door Operator & Remote Control Manufacturing Association v 
Door Unit Manufacturing Corp. ., 
Douglas Properties Corp. '. 
Dover Corp. i. 
Dover Peoples Bank & Trust Co. (TN) : 
Dow Chemical Co. 
Dow Corning Carp< 
Dr. Chateliers Plant Food 
Dresser Industries Inc. 
Dudden Elevator Inc. 
Dumes Salvage :. 
Dunlop & Johnston Inc. 
Dupey Enterprises Inc. 
Durable Woods Institute 
Durant Chevrolet Co. 
Du Teau Chevrolet Co. 
Eagle-Picher Industries 
Eastern Airlines 
Eastern Gas & Fuel Associations- 
Eastern Nebraska Telephone 
Eastman Kodak Company 
Eaton Corporation 
Eaton Foods Inc. 
Ecolotec Inc. 
Economics Laboratory, Inc. 
Economy Sales-Supply 
Edgebrook Development Corp. 
Edgerton Co-Op Creamery 
Edlund Company Inc. 
Educational Testing Service 
Educators Industries Inc. 
Edwin V. Lord 
E. H. Bindley & Co. Inc. 
Ehler Brothers Fertilizer 
E. I. DuPont de Nemours, Inc. 
E. J. McCarthy & Sons. 
Electrification Council-The 
Elias Industries Inc. 
Elk State Bank (KS) 
Elliots Inc. 
Elmer Logsdon 
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ANNEX -I- ANNEX I 

Eltra Corp. .I 
Eli Lilly & Co. ., 
Embassy of France 
Embassy of Mexico 
Emerson Electric Co. 

s 
E 

Emhart Corporation bm- 
Empire Contracting Co. 

L EEg 
Empire Tool Co. i-1 
Encyclopedia Britannica Educational Corpo,ration. 

a 

Engineers Join-t Council,;'Inc.: 
Entwisles Concrete Block Inc. 
Envirotech Corporation I ,. 
Equipment Corp. of America 
Equitable Securities Corp.i,'(TN) :I' 
Erickson Corp. : i- 
Erlanger Perpetual Building and Loan Association . .._. 

p+ 
g 

E. R. Snell Contractors Inc. 
2 

‘ " Em3 
Esmark Inc. FL- ., .., b 
Ethyl Corp. i=== F?=, 
European Community Information Service H 
Evans Products Co. 

c- - E 
Excel Electric Service Co. 

c-2 ___ _- 
Ex-Cell-O Corp. 
Exmoor,Knitwear Co. Inc. ~ 
Expanded Shale Clay and Slate Institute. _~ 
Exxon Corp. , 
Fab-Alloy Company 
Facing Tile Industries 
Facing Tile Institute 
Fairbairn Electric Inc. 
Fairchild Camera & Instrument 
Fairchild Machine Co. Inc. 
Fairmont Foods Co. 
Famariss Oil Refining Co. 
Fannin & Son 
Far East Conference 
Farm and Industrial Equipment Institute 
Farm and Land Institute 
Farmers and Merchants State Bank (XS) 
Farmers and Merchants State Bank (MN) 
Farmers Bank (MO) 
Farmers Co-op Creamery 
Farmers Co-op Elevator Co. 
Farmers Co-op Exchange 
Farmers Co-op Grain Association 
Farmers Elevator Co. 
Farmers Elevator-Mere. Co. 
Farmers Grain of Dorans 
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ANNEX I 

Farmers National Bank (IL) 
Farmers National Bank (MN) 
Farmers Savings Bank (IA) 
Farmers State Bank (NB) 
Farmers State Bank (ND) 
Farmers Union Elevator (ND) 
Farmers Union Oil Co., (ND) 
Farmland Industries Inc. 
Fasteners Inc. 
Fayette Farmers Co-Op 
F. C. Mason Company 
Federal Co. 
Federal-Mogul Corp. 
Federal Paper Board Co. 
Federal Screw Products Inc. 
Federal Screw Works 

ANNEX -1 

Federal Timber Purchasers Association ,,: ~ ' Federal Wholesale Toy Co. 
Federation of Societies for Coating Technology 
Fein Container Corp. , 
Felix M. Mendelson Co. 
Ferdinand Gutmann & Co. 
Ferro Corp. ,., 
Ferrys .'.' 
Fessler Knitting Co. 
Fibre Leather Manufacturing Corp. 
Fieldcrest Mills Inc. 
Filter Material Inc. # 
Financial Computer Services 

.Fine Hardwoods-American Walnut Assoc,iation 
Fir and Hemlock Door Association " 
Fireline Inc. 
Firestone Tire & Rubber Co. 
First Growth Capital Inc. (OK) 
First National Bank (CO) 
First National Bank (CT) 
First National Bank (IA) ., ! 
First National Bank (IL) 
First National Bank (KS) 
First National Bank (KY) 
First National Bank (MO) 
First National Bank (NB) 
First National Bank (ND) 
First National Bank (OK) .-I 
-. 
First National Bank (TX) 
First National Bank (VA) 
First State Bank (MN) 
First State Bank (TX) 
Flat Glass Marketing Association : 



ANNEX I ANNEX I 

Flavorland Industries a, 
Fleetwood Enterprises 
Flexible Pavements, Inc. 
Flint Creek Valley Bank (MT) 
Flintkote Co. 
Florida Merchant Police Inc. 
Flour Corporation 
Flowers Baking Co. Inc. 
Floyd Rice Ford Inc. 
FMC Corp. 
F. N. T. Industries Inc. 
Food Marketing Institute 5' ;e 
Ford Motor Company . 
Forest Products Research Society '. ! 
Forke Brothers 
Foster Wheeler Corp. 
Foto Finishers Inc. ., 
Fourdruner Kraft Board Institute 
Fowler-Bourg Co. Inc.~ : 
Fowler Roofing Co. Inc. 
Foxboro Co. 
Frank Bancroft Co., Inc. 
Frank C. Gibson Inc. 
Franzia Brothers Winery 
Frederick & Herrud, Inc. 
Freeland Gauge Co. 
Freeman Co. 
Freemark Abbey Winery 
French Knitting Mills 
French Oil Mill Machinery.Co. 
Friedland International Shopping Corp. 
Fromm and Sichel, Inc. 
Frontier Inc. 
Frontier Press Company 
Frontier Wholesale Co. Inc. 
Frostie Freeze 
Fruehauf Co. 
Fruit Auction Sales Co. 
F. X. Smith & Sons Company 
GAF Corp. 
Gallo Wine Company 
Galvanized Ware Manufacturers Council 
Gamache Ranches Inc. 
Gannett Co. 
Garber Co-op Association 
Gardner-Denver Co. 
Gastineau Lumber Co. 
Gatco Bushing Co. 
Gates Lear-jet Corporation 
Gates Rubber Co. 
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ANN,EX I ANNEX.11. 

GATX 
Gaylord Bros. Inc. 
Gay-Tred Mills Inc. 
G. B. DuPont Company Inc. 
G. Buehler & Co. Inc. 
G. C. G. Jewelry Manufacturing Corp. 
G. C. M. Mills Inc. 
G. D. Searle & Co. 
Gear Works Seattle Inc. 
Geering Broach & Spline Inc. 
Gene Bell Chevrolet 

._ 

.’ :  t  

; .  
. “  ‘, 

.  .  ‘. 

_’ 

,’ 

,  

General Aviation Manufacturers Association. ,' y 
General Birch Service Corp. i. * .: I 
General Broach & Engineers Co. j / 
General Cable Co. . :.. I,, ',, . " 
General Cinema Corp. . 
General Drafting 
General Dynamics Corp. 
General Electric Co. :. 3.. 
General Foods Corp. 
General Host Corp. 
General Instrument Corp. 
General Mills Inc. / 
General Motors Corporation 
General Products Corp. I 
General Signal Corp. 
General Tire and Rubber Company .: 
General Tobacco Candy Co. 
Genesco Inc. 
George A. Cenkner 
George A. Hormel & Co. 
George A. Jerry Co. .I ( 
George Was'hington Hospital 
Georgia-Carolina Oil Co. .? ,. 
Georgia Coated Fabrics Co. / 
Georgia-Pacific Corp. 
Gerber Products Co. 
Gerlinger Industries Corp. 
Gerson & Gerson Inc. 
Getty Oil Co. 
Giant Food, Inc. 
Gibson Coal Co. Inc. 
Gillette Co. 
Glandorf Tile Co. 
Glass Container Council of Canada 
Glasson Inc. 
Glass Packaging Institute 
Glenn L. Haught & Sons 
Glenn Machine & Welding Co. - G. L. Sayles Inc. 
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ANNEX I ANNEX I 

Goforth Industries, Inc. 
Golden Belt Telephone Association Inc. ~ 
Gold Kist Inc. 
G. 0. Nitzsche Sons 
Good Chevrolet Motors 
Good-Life Chemicals Inc. 
Good Housekeeping Magazine 
Goodyear Tire & Rubber Co. 
Gordon Bartels Co. Inc. 
Gould Inc. ,' 
Government of Australia 

,Australian Metr.ic .Con,versionBoard 
Embassy of Australia 

Government of Canada :.., : 
Department of Consumer and Corporate Affairs 
Embassy of Canada 
Metric Commission Canada 
Standards Council of Canada , 

G. P. Lachicotte 
Grace Fertilizer Co. 
Grand Rapids Forging & Steel Co. 
Graphic Metals Inc. 
Great Atlantic t Pacific Tea Company 
Great Lakes Sales Inc. ,',, 
Great Northern Distributors 
Great Western United Corp. . ,.* :. .I 
Green Brothers Gravel Co. Inc. .' 
Green Giant Co. 
Greenville News Inc. 
Greyhound Corp. 
Grocery Manufacturers of America, Inc. . 
Grocery Products Manufacturers Association of Canada . '8 
Groov Pin Corp. 
Grosseurth Distillers Inc. 
Groth Chevrolet Co. 
Grumman Corp. 
Grundy National Bank (IA) 
Guarantee Iron Works 
Guide for Religious Architecture 
Guild Wineries & Distilleries 
Gulf Oil Corp. 
Gulf & Western Industries 
Gustafron Ice Cream - Dairy Co. 
Gust G. Larson & Sons Inc. 
Gypsum Association 
Gypsum Drywall Contractors International 
Hackensack Specialty 
Hallcraft Inc. 
Hamilton Lumber Veneer 
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ANNEX I ANNEX I 

Hammermill Paper Co. j .. , ; ; 
Hand Tool Institute ~' . . 
Handy & Horman 
Hanes Corp. I. ( 
Hanna Mining Co. 
Hanna Paint Manufacturing Co. 
Hanson Scale Co. 
Harbison & Mahony 
Hardings Three Rivers Markets 
Hardwood Dimension Manufacturers Association 
Hardwood Plywood Manufacturers Association. '? ,,I, ".,: 
Hardwood Research Council I : 't : ,- .; ,'.' : .. 
Harnischfeger Corp. 
Harper & Bowers Inc. 
Harris Corp. ,..' ,, 
Harris & Frank Inc. 
Harsco Corp. _a 
Hartley Gove Sons _' ', 
Hart, Schaffner, & Marx 
Harvey Cadillac Co. Inc. 
Hauser Chevrolet Co. Inc. 
Hawkridge Brothers'Co. Inc. 
Hayes Brothers Inc. 
Health Industry Manufacturers <Association : 
Hechingers, Inc. 
Heil Equipment Philadelphia, 
Hendrix Wire & Cable Corp. 
Henry'Co. 
Henry F. Ortlieb Brewing Co. 
Henry Myer Thread Manufacturing Co. 
Henry Schein Inc. 
Heppner Iron & Metal ,' 
Herbert Curtin Co.. Inc. 
Hercules Inc. 
Heritase Store Inc. 
Herman Market Co. 1. 
Hershey Brothers 
Hershey Foods Corp. 
Herzog & Co. Inc. 
Hesse Envelope Co. 
Hetzel-King Association Inc. 
Heublein Inc. 
Hewlett-Packard Co. 
Highland Manufacturing Co. 
Highland Supply Corp. 
Highway Users Federation for Safety and Mobility 
Hilander Foods Inc. 
Hill Box Co. Inc. 
Hill Brothers & Co. 
Hilton Packing Corp. 
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ANNEX I 

Hines Liner Co. Inc. 
Hi-Ram Inc. 
Hiram Walker, Inc. 
Hi-Shear Corp. 
H. J. Fuller & Sons, Inc. 
H. J. Heinz Co. 
H. K. Porter Co. 
H.M.C. Associates 
Hobart Corp. 
Hobby Center Inc. j 
Hoerner Waldorf Corp. '- 
Hoffman-Cortes Contracting 
Hofler Seed Co. 
Holiday Carpet Co. Inc. 

ANNEX I 

Holiday Hosiery, Mills Inc. 
Home Economics Education Association 
Home Oldsmobile 
Homer E. Wright, Jr. 
Honeywell, Inc. 
Hoover Ball & Bearing Co. 
Hoover Co. 
Hopeman Equipment Co. Inc. 
Horedaille Industries 
Horspool & Romine Manufacturing ,Co. 
Horta-Craft Corp. 
Houston Grinding & Manufacturing Co. 
Howard Lumber Company 
Howard Lumber & Kiln Co. 
Howell and Company 
H. P. Hood Inc. 
H. S. Ostlin Co. 
H. S. Sowards & Sons Inc. 
Hubert M. Bilton 
Hubler Brothers 
Hub Oil Co. Inc. 
Hudson Supply & Equipment Co. 
Huebner Supply Co.. 
Hughes Aircraft Company 
Hughes Tool Co. 
Humboldt Brick & Tile Co. 
Humphrey Auto Lease Inc. 
Huser-Paul Co. Inc. 
Hyde Park Lumber Co. 
Hydraulic Accessories 
Hygrade Food Products Corp. 
Hyster Co. 
IBP Equipment Corp. 
IC Industries 
Identicon Corp. 
Idle Wild Foods 
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I. Lehrhoff & Co. Inc. 
Illinois F.W.D. Trucks Co.. 
Illuminating Engineering Society of North America 
Impact Label Corp. 
IMPCO Inc. 
Imperial Oil of Canada (Exxon) *_ 
Imported Hardwood Products Association 
Indiana Carton Co. Inc. 
Indiana Cash Drawer Co. 
Indiana Limestone Institute 
Indian Head Inc. 
Industrial Engineering Equipment 
Industrial Fastener Institute 
Industrial Heating Equipment Association 
Industrial Machine Co. 
Industrial Refrigeration-Equipment 
Industrial Roofing Co. Inc. 
Ingersoll Rand Co. 
Ingersoll Milling Machine Co. 
Inland Container Corp. 
Inland Products Inc. 
Inland Steel Company 
Inmont.Corp. 
Inshield Die & Stamping Co. 
Insilco Corp. 
Instantwhip - Cincinnati 
Institute of Business Designers 
Institute of Electrical and Electronics Engineers, Inc. 
Institute of Real Estate Management 
Interco Inc. 
Interlake Inc. 
Intermountain Equipment Rental 
International Air Transport Association 
International Association for Housing Sciences 
International Association of Electrical Inspectors 
International Association of Machinists 
International Association of Marble, Slate and 

Stone Polishers Workers' Helpers 
International Association of Plumbing,and 

Mechanical Officials 
International Association of Wall and Ceiling Contractors 
International Bank (TX) 
International Brotherhood of Electrical Workers 
International'Brotherhood of Painters and Allied Trades 
International Builders Exchange Executives 
International Business Machines Corp. 
International Civil Aviation Organization 
International Conference of Building Officials 
International Council of Shopping Centers 
International District Heating Association 

L 

,L 

- 
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ANNEX 1, ANNEX'I~ 

International Fence Industry Association ,. 
International Grooving and Grinding'Association _ 
International Harvester Co;: .: .,. 
International Importers Inc. 
International Masonry Institute 
International Minerals & Chemical 
International Multifoods Corp. 
International Paper Co. 
International Systems & Controls Corp. 
International Telephone & Telegraph .I, ., 
Interstate Brands Corp. ,' 
Invo-Saline Inc. i 
Iowa Beef Processors Inc. :. ',.I 
Iowa Savings Bank .' '(4 
Irvin Enterprises Inc. 
Irwin - Harrisons - Whitney Inc. 
Irwin Hodson Company 
Irwin Steel Co. 
Isanti County Co-op Association 
Israel Transfer Co. Inc. 
Itel Corporation 
Jack B. Kelley 
Jackies Smartwear Inc. 
Jack Marshall Lincoln Mercury 
Jackson Cookie Co.. Inc. 7 
J. Adams & Co. Inc. 
J. A. Fulmer & Son 
James Brudnick Co. Inc. 
James Walker Co. 
J. A. M. Taylor Tool Co., Ltd. 
Janesville State Bank (MN) 
Japan Trade Center 
Jay Kline Chevrolet Co. 
Jay Products Company 
J. B. Pfister Co. Inc. 
J. B. Ruderman & Sons Inc. 
J-B-T Instruments Inc. 
J. C. Penney Company, Inc. 
J. C. Procter Company 
Jenkins Equipment 
Jenkins Gin Co. 
Jenkins Publishing Co. 
Jeppesen-Sanderson 
Jerome Duncan Ford,'Inc. 
Jesse Jones Box Corp. 
Jim Walter Corp. 

.J. J. Henry Co. 
J. J. Nichting Co. Ince 
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ANNEX I 

J. Kathy Inc. 
Jo Daviess Service Co. 
Joe Bokman'chevrolet Dealership 
Johnathan Logan Inc. 
John E. Rogers Inc. 
John F. Humphrey Metal Fabrication 
John Hassall, Inc. 
John Helfrich Trucking Co. 
John P. Nissen Jr. Co. 
John Seven Paint & Wallpaper 
Johns-Manville Corp. 
Johnson & Johnson 
John Unertl Optical 
John W. Daniels Paving Co. 
Jones & Laughlin Steel Service Center 
Jones Oil Co. 
Joseph D. Withrow 
Joseph E. Seagram & Sons Inc. 
Joseph M. Feldman Inc. 
Joseph Ruzicka South Inc. 
Joseph Schlitz Brewing co. 
Joseph T. Ryerson and Son, Inc. 
Joy Manufacturing Co. 
J. P. Stevens Co. Inc. 
Jr. Row Inc. 
J. Rubin & Co. Inc. 
J. S. West & Company 
Kaiser Aluminum & Chemical Corp. 
Kaiser Industries 
Kal Equipment Co. 
Kane Miller Corp. 
Kansas State University 
K. A. Pridjian & Co. 
Karen Frocks Inc. 
Kar Go Service Center Charlotte Inc. 
Karnes County National Bank (TX) 
Kasper Manufacturing Company 
Kasser Distillery, Inc. 
Keelor Steel Inc. 
Kelley Electric Company 
Kellogg Co. 
Kellwood Co. 
Kennecott Copper Corp. 
Kenney Machinery Corp. 
Kentucky Manufacturing Co. 
Kentucky State Bank 
Kerr-McGee Corp. 
Kewanee Industries Inc. 
Keyes Machine Works Inc. 
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ANNEX I ANNEX I 

Keystone Prestone Bakery Inc. 
Kimberly-Clark Corp. ,- ':, 
King County Directors Association (WA)' ,i ,t ..:,:.' ..' 
Klingensmith Hardware Inc. .; : _' 
Kloster Research and Development Inc. : 
K. M. Biggs Tractor Sales Inc. 
Knight-Ridder Newspapers, Inc. 
Knitting Mills Inc. 
Koehring Co. 
Kolb - Lena Cheese Co. Inc. 
Koppers Co., Inc. 
Korwall Industries Inc. 
Koury Construction Inc. 
Kraftco Corp. 
Kramer Service Inc. 
Kresge SS Co: 
Kretschmer Tredway Co. 
K-Tron Corp. 
Kwik Kopy Center No 41 
LA Belle Manufacturing Corp. 
Lacchi Construction Co. Inc. 
Lakeside Development Co. 
Lakeside Fusee Corp. 
Lake Wausau Granite Co. 
Lamson and Sessions 
Land O'Lakes Inc. 
Landstrom Gravel Co. 
Lane Sales Pepsi 
Lasham Cartage Co. 
Latchford Glass Company 
Latrobe Brewing 
Lawrence Broom & Mop Co. Inc. 
Lawrence Institute of Technology : ~ 
Lazy a Ranch 
L. Deardorff & Sons Inc. 
Leachville State Bank (AR) -' 
Lead Industries Association 
Lear Siegler Inc. 
Leep Homes, a California Corp. 
Le Fiell Manufacturing Co. .' ,. 
Lehmans Garage 
Leo Froelich 
Leslie Haley & Son Inc. 

I 

Letty Lane Company Inc. 
Lever Brothers Co. ~~~ 
Levin & Co. Inc. 
Levi Strauss & Co. 
Lexbon Enterprises Inc. 
Libbey - Owens - Ford Co. 
Libby McNeil1 & Libby 
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Libertyville Lumber Co. 
Liggett Group, Inc. 
Lightning Protection Co. 
Lightweight Aggregate Producers Association 
Linder Furniture Co. Inc. 
Lindsey Oil Co. Inc. 
Little Crow Milling Co. 
Litton Fastening System 
Litton Industries Inc. 
Lively Look Sportswear Inc. 
L & L Distributing Co. 
L & L Manufacturing Co. 
L & L Tool Company 
Locke-Ober Co. 
Lockheed Aircraft Corp. 
Loeser & Sons Inc. 
Lone Star Industries Inc. 
Loomis Farmers Co-op Co. 
Loomtogs Inc. 
Los Angeles Brush Manufacturing 
Lou Harris & Associates, Inc. 
Louis "J" Sportswear Inc. 
Louisiana Land t Exploration Co. 
Louisiana - Pacific Corp. 
Louisiana Tech University 
Lowrance Electronics Inc. 
Lowe Electric Co. Inc. 
LTV Corp. 
Lubbock Poster Co. 
Lubrizol Corp. 
Ludell Manufacturing Co. 
L. - W. Service Co. 
Lykes Corporation 
Lyon County Co-op Oil Co. 
Mabry Mill Works Inc. 
Mack Sales Inc. 
Macmillan, Inc. 
Macoy Publishing and Masonic Supply Co. 
Mac Rae Tool Co. 
Maddox and Associates 
Magline Inc. 
Maiers Motor Freight Co. 
Maillards Inc. 
Mainline Sales Co. Inc. 
Makall Tool Co. Inc. 
Malcolm's Wholesale Meats Inc. 
Mallin Imports Inc. 

I-25 



ANNEX I 

Malphrus Construction Co. Inc. 
Manco Tooling Inc. 
Mandish Plastics 
Manhattan Industries, Inc. 
Mansfield Tire and Rubber Co. 
Manufacturer of Illumination Products 
MAPCO Inc. 
Maple Flooring Manufacturers Association 
Marathon Oil Co. - 
Marble Institute of America 
Marcus Paint Company Inc. 
Marfry Inc. 
Markman Peat Co. Inc. 
Markel Electrical Product 
Mark Hurd Aerial Surveys, Inc. 
Marsh Lumber Co. Inc. 
Martindell Molding Co. 
Martin & Herring Inc. 
Martin Marrietta Corp. ! 
Martin Sale-Service Inc. 
Mary Barbuzanes 
Masco Corp. 
Mascoutah Grain& Feed Co. 
Mason Contractors Association of America -. 
Masonite Corp. 
Massey-Ferguson Industries Ltd. 
Mastercraft Furniture Co. 
Mather & Sons Inc. 
Mathis Grain & Elevator Corp. 
Matsushita Electric 
Mattel Inc. 
Maury Fence Company 
Max Silverstein & Son Inc. 
Max Werner Fruit & Vegetable 
Mayhill Publications Inc. 
Mayo Knitting Mill Inc. 
Mays Merchandise Co. 
M. Blaustein Inc. 
McAnary Ford Inc. 
MCA Inc. 
McCall Chair Co. Inc. 
McDonald Corporation 
McDonnell-Douglas Corporation 
McGraw-Edison Co. 
McGraw-Hill, Inc. 
M. C. Hall Dairy 
McCook Electric Co-op 
McKay Cadillac, Inc. 
McLeod Enterprises Inc. 
McLouth Steel Corporation 

ANNEX I 
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McNeil Laboratories, Inc. 
Mead Corp. 
Meadowbrook Dairy 
Means Stamping Co. 
Meadtex Fabrics Co. Inc. 
Mechanical Contractors Association of America 
Meehan Steel Products Co. 
Memorex Corp. 
Menco Products 
Merck & Co. Inc. 
Merco Manufacturing Inc. 

,1 

Meridian Lanes Inc. 
Meskin & Davis Inc. . '. 
Meson Electric Co. Inc. 
Metal Building Manufacturers Association 
Metal Lath Association 
Met-L-Wood Corp. 
Metrication Board of Zambia 
Metro Park Tire Centers 
Metz Shopping Center 
Michaels Art Bronze Co. 
Michelin Tire Company 
Michigan Livestock Exchange 
Michigan Screw Products 
Micro Craft Inc. 
Microx Corporation 
Mictron Inc. 
Midland-Ross Corp. 
Mid-State Telephone Co. 
Midway Volkswagen Inc. 
Midwest Products & Manufacturing 
Milan Screw Products 
Miles Laboratories 
Milk Industry Foundation 
Miller Brewing Company 
Milner Chevrolet Co. Inc. 
Milsco Manufacturing Co. 
Milton S. Kronheim.& Co., Inc. 
Milwaukee Brush Manufacturing Co. 
Minnesota Mining & Manufacturing Co. 
Miss Capri Sportswear Inc. 
Mitchell Electric Co. 
M. Lee Goldsmith Inc. 
M. Lowenstein & Sons, Inc. 
Mobile Home Dealers Association 
Mobile Oil Corp. 
Mockwitz Construction Co. 
Modern Chevrolet Co. 
Modern Gas Co. Inc. 
Mohasco Corp. 
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Mokena State Bank (IL) 
Moles-The 
Monarch Manufacturing Works Inc. 
Monarch Tool Gauge 
Monarch Wine Co. Inc. 
Mondavi Winery 
Monfort of Colorado Inc. 
Monroe County Electric Co-op 
Monsanto Co, 
Montgomery County (MD) Department of,Liquor Control 
Montgomery Wards 
Moore Iron Works 
Moores Potato Chip Co. 
Morgan & Culpepper Inc. 
Mortgage Bankers Association,of America s. 
Morton-Norwich Products Inc. 
Mosheim Bank (TN) 
Mossberg & Co., Inc. 
Moss Trucking Co., Inc. 
Motorola Inc. 

, ', 

Motor Vehicle Manufacturers Association 
Motor Wheel Corp. 
Mount Ayr Record-News 
Mr. Aircraft Inc. 
M. Silverman Laces Inc. 
M & S Manufacturing Company 
Muir, Wilson & Muir 
Multi Products Inc. 
Munsingwear 
Murphy Oil Corp. 
Mynol Inc. 
Nabisco Inc. 
Nalco Chemical Co. 
Narragansett Lumber Co. 
Nashua Corp. 
Nashville State Bank (IN) 
Nassau Bay National Bank (TX) 
Nathan Miller 
National Alcoholic Beverage Association, Inc. 
National Apartment Association 
National Asphalt Pavement Association 
National Association of Architectural Metal Manufacturers 
National Association of Building Manufacturers 
National Association of Brick Distributors 
National Association of Decorative Architect Finish 
National Association of Demolition Contractors 
National Association of Elevator Contractors 
National Association of Home Builders 
National Association of Housing Cooperatives 
National Association of Independent Fee Appraisers 
National Association of Independent Insurers 
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National Association of Independent Lumberm,en 
National Association of Industrial Parks 
National Association of Lighting Maintenance Contractors 
National Association. of Miscellaneous \ 

Ornamental, & Architectural Products Contractors 
National Association. of Motor Bus Owners 
National Association of Plastic Fab.ricators 

Plastic Pipe Institute 
National Association of Plastics Distributor 
National Association of Plumbing, Heating, & - - . - cooling contractors :,..+. < ,:.;.,-,,- “‘: _..j ‘.’ : ,,‘i ‘. 

National Association of Real .Estate ,iAppr,aisers -"'-', 
: 

National Association of Rea,l ,.Es:tate' >Inves.tment 'Trust 
National Association 0.f Rea.ltors ., -.'::.T : .':'. ('7~ 1 '. '. 
National Association of Reinforcing,:Steel Contractors. 
National Association of Steel :"Pipe ‘Distr':ibcitorr's'- 
National Association of Sto'ne'Fixtilre-.Manufacturer's 
National Association of Women in Construction I 
National Auto Dealers Association I .' 
National Automatic Sprinkler & Fire ControlAssociation 
National Bark Sales 
National Board of Boiler & Pressure -Vessel Inspectors 
National Builders Hardware AssocYation ' 
National Building Materials: Dis,tri-butors Association 
National Can Corp~L' ', .- 
National Cash Register ~' . . ..I ,p 
National Cellulose Insulation Manufactul-er's.As$ociation' ‘: 
National Clay Pipe Institute. " 
National Collegiate Athletic Association 
National Committee on Uniform Traffic Laws and Ordinances 
National Concrete Masonry Association " 
National Concrete Paving Association / j' ,' ' 
National Conference of State Legislatures 
National Conference of States on Building Codes '&, Standards 
National Conference on Weights and. Measures‘ 
National Construction Industry Council 
National Constructors Association " 
National Corrugated Steel Pipe Association 
National Council of Accoustical Consultants 
National Council of Farmers Coops 
National Council of Teachers of Mathematics 
National Crushed Stone Association 
National Dairy Council 'of Canada 
National Distillers & Chemical 
National Distillers Products Co. 
National Education Association 
National Electrical Contractors Association 
National Elevator Industry, Inc.. 
National Environmental Systems Contractors Association 
National Federation of Independent Businesses 
National Federation of State High School Associations 

- 
- 
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National Fire Protection Association 
National Flag Co. : ,,. 
National Flexible ,Package,Institute 
National Fluid Power Association 
National Forest Products Association 
National Frame Builders Association 
National Frozen Food Association 
National Geographic Society 
National Governor's Conference,< : 
National Gypsum Co. 
National Hardwood Lumber Association 
National Home Improvement ,Counc,il .: ' . . 
National Institute of; A,u,tomotive Service Excellence 
National Institute of Building Sciences ( 
National,,Institute' of: Education ~ 
National Insulation Contractors Assocjation 
National Kitchen'Cabinet Association 
National Landscape- Assqciation ,!: 
National Locksmith Suppliers Association 
National Limestone Institute 
National Lumber & Building Materials Dea1er.s Association 
National Lumber Exporters Association 
National Machine Tool Build,ers.Association, 

_ 

National Milk Producers Federation 
National Mineral'Wool Insulation Association .' 
National Oak Flooring Manufacturing Association 
National Oil Fuel Institute 
National Paint and Coatings Association 
National Particleboard Association 
National P,recast Concrete Association 1 
National Quartz Producers' Council 
National Ready Mixed Concrete Association 
National Retail Merchants Association 
National Rifle Association 
National Roofing Contractors Association 
National Sand and Gravel Association 
National Sash and Door Jobbers Association 
National Scale Men's Association 
National Screw Products Co. 
National Service Industries 
National Slag Association 
National Small Business Association 
'National Society of Professional Engineers 
National Soft Drink Association 
National Starch and Chemical Corp. 
National Steel Corp. 
National Steel Erectors Association, Inc. 
National Stellar Co. 
National Terrazza and Mosaic Association 
National Tool, Die, and Machinery Association 
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National Utility Contractors Association 
National Wholesale, H,ardwar.e.Association, 
National Wholesale Lumber Dis-tribut,ing Yard Association 
National Woodwork Manufacturers AssJociation 
Natomas Company 
Natural Rubber Shippers Association 
Nebraska - Iowa Supply Co. Inc. 
Neely Manufacturing Co. Inc. 
Nehi Bottling Company (TX) 
Nehi-Dr. Pepper Bottling Co. (OK) 
NE Lumber Manufacturers Association 
Nemaha County Co~op Association ,, 
New Britain Spring Co. .' 
New England Converters Inc. 
Newmont Mining Corp. 
New York City Department of Consumer Affairs 
New York Times Co. 
New Zealand Metric Advisory Board 
Nit-Nae Grill 

,. ‘ 
Nit-0-Lot Co. 
N L Industries, Inc. 
N. L. Kuehn Company 
Norin Corp. 
Norris Industries 
Norris Rees 
North American Knitting Co. 
North American Philips Corp. 
North American Wholesale Hardware Association' 
Northeastern Loggers Association 
Northeastern Retail Lumbermen's Association 
Northern Hardwood 6 Pine Manufacturing Association 
Northrop Corporation 
Northrup King Seed Co. ',. : 
Northwestern Lumbermen, Inc. 
Northwest Industries Inc. 
Northwest Pattern ,. 
North Wind Power Company Inc. - 
Norton Co. 
Norton Simon Inc. 
NVF Co. Inc. 
Oaksdale Grain Growers Inc. 

*. 

Occidental Petroleum 
Oehlert Brothers, Inc. 
Ogden Corp. 
Ohaus Scale Corp. _ 
Ohio Nut & Washer Co. 
0. K. Auto Parts 
Old Dominion Coal Corp. 
Olin Corp. 
Olinkraft Inc. 
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Olympic Foundry Co. 
Operative Plasters and Cement Masons International 

Association of the United, States and,Canada 
Opie Brush Co. Inc. " 
Opinion Research Corp. 
Orange Buick Co. 
Oregon Brass Works Inc. 
Oro Manufacturing Company 
Orville D. Thompson 
Oscar Mayer & Co. Inc. 
Osterbauer Compressor Service'. 
Otto Hofmann & Sons 
Outdoor Marine Corp. 
Owens-Corning Fiberglass Corp. 
Owens Illinois Inc. 
Oxmoor House, Inc. 
Pabst Brewing Co. 
Paccar Inc. 
Pacific Cold Storage Inc. 
Pacific Logging Congress 
Pacific Lumber Exporters Association 
Pacific Lumber Inspection Bureau 
Pacific Westbound Shipping Conference 
Packaging Associates Inc. 
Pacolite Plastic, Inc. 
Page Plumbing & Heating Co. 
Paley Office Supply Co. 
Pan American World Airways 
Panhandle Construction Co. 
Parker-Hannifin Corp. 
Park Lane Furniture Inc. 
Par-Kut International Inc. 
Parsons Casket Hardware Co. 
Paternayan Brothers Inc. 
Paty's Inc. 
Paul Goorin 
Peabody Coal Co. 
Peabody House Inc. 
Peabody International Inc. 
Pearson's Liquor and Wine Annex 
Peavey Corp. 
Peerless Sportswear Co. Inc. 
Penn Needle Art Co. Inc. 
Pennsylvania State University 
Pennwalt Corp. 
Pennzoil Co. 
Peoples Bank (GA) 
Peoples Banking Co. (OH) 
Peoples National Bank (IL) 

: 

ANNEX- I 
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Peoples State Bank (IL) 
Peoples State Bank (MN) ', 
Pepsi Co., Inc. 
Pepsi Cola Bottling Co. (KS) 
Pepsi Cola Bottling Co. (MD) 
Perkin-Elmer Corp. 
Pet 
Pfizer Inc. 
Pharmaceutical Manufacturers Association 
Phelps Dodge Corp. 
Philip Morris, Inc. 
Phillipine Mahogany Association ,. 
Phillips Ford Inc. / 
Phillips Petroleum Co. 
Picketts Food Service Inc. 
Pierce Avery Corp. 
Pillsbury Co. 
Pine Cone Lumber Co. Inc. 
Pioneer National Bank (WI) 
Pipe Fabrication Institute 
Pitney Bowes, Inc. 
Pittsburg Brewing 
Pittsburg Plate Glass Industries, Inc. 
Pittson Co. 
Plastics in Construction Council 
P. L. Robertson, Manufacturing 
Plumbing & Drainage Institute 
Plywood Research Foundation 
Plywood Supply Inc. 
Pohlig Brothers Inc. 
Polaroid Corp. 
Ponsford Brothers Contractors 
Poole-Dickie Lumber Co. 
Popi Fashions Inc. 
Portage National Bank (IN) 
Portland Cement Association 
Potlatch Corp. 
Power and Communication Contractors Association 
Pratt Poster Co. Inc. 
Precision Fabricating & Manufacturing 
Precision Instruments 
Precision Steel Warehouse 
Premium Products, Inc. 
Preskill Lumber Co. 
Prestressed Concrete Institute 
Preway Inc. 
Pribble Plastic Products 
Printing Industries of America 
Proctor & Gamble Co. 
Proctor Products 

I-33 



ANNEX I ANNEX 1, I 

Products Filling & Packaging 
Professional Golf Association 
Proprietary Association 
Pryor Oldsmobile Co. 
Puerto Rico 

Department of Education 
Pulaski Rubber Co. 
Purdue University 
Purex Corp. Ltd. 
Puritan Fashions 
Quaker Oats Co. 
Quaker State Oil Refininu Corn. 
Quality Boiler & Machine-Work; 
Qualtek Inc. 
Questar Corp. 
Questor Corp. 
Quick Industries Inc. 
Radio Parts Co. 
Rainy Day Foods 
Raja Development Co. Inc. 
Rajala Mill Co.. 
Rakows Town-Country 
Ralston Purina Co. 
Ram Meter Inc. 
Rand-McNally 
Ransome Co. 
Rappel and Hoeing Co., Inc. 
Rath Packing Co. 
Ratrie Robbins-Schweizer Inc. 
Ravarino & Freschi, Inc. 
Rawdon Brothers Aircraft, Inc. 
Raynal Plymouth Co. 
Raytheon Co. 
RCA 
R. D. Mann Carpet Co. Inc. 
R. & D. Plastics, Inc. 
Ready Mixed Concrete Co. 
Real Estate Securities and Syndication Institute 
Realtors National Marketing Institute 
Red Seal Electric 
Reeves Sheet Metal 
Refrigerating Engineers and Technicians Association 
Regal-Beloit Corporation 
Reichhold Chemicals Inc. 
Reinforced Concrete Research Council 
Reliable Contracting Co. Inc. 
Reliable Packaging Inc. 
Reliance Electric Co. 
Reliance Steel Corp. 
Remco Maintenance Corp. 

I-34 



ANNEX, 1; ANNEX; I 

Renken Boat Manufacturing Co., Inc. 
Renmuth, Inc. 
Republic Steel Carp, 
Resco Products Inc. 
Resilient Tile Institute 
Retail Council of Canada 
Revere Copper & Brass Inc. 
Revlon Inc. 
Rexnord, Inc. 
Rex Roto Corp. 
Reynolds Metals Co. 
R. F. Thompson Grain Co. 
Rhapsoay Blouse & Sportswear 
Rice Lake Farmers United Co-'op. 
Richard C. Greene 
Richards Brick Company 
Richardson-Merrell, Inc. 
Richling Ades & Richman Inc. 
Rich Oil Co. 
Riney Construction Co. 
Riverlands National Bank (LA) 
R. J. Reynolds Industries 
Robinson Steel Co. 
Rocco V. D. Andrea 
Rockford Brick-Tile Co. 
Rockford Products 
Rock River Manufacturing Corp. 
Rockwell International Corp. 
Roethele Building Materials 
Rohm & Haas Co. 
Rohr Industries Inc. 
Ronconi Equipment Co. Inc. 
Roper Corp. 
Roper Organization, Inc. 
Rose City Press Inc. 
Rossoe Inc. 
Royston Laboratories Inc. 
R. R. Donnelly:& Sons, Co. 
RSE Inc. 
Rubber Manufacturers Association 
Running Supply Inc. 
Russell and.Company 
Russ Togs, Inc. 
Rutgers State University 
Safety Check Alignment and Brake 
Safe-T-Mate 
Safeway Stores Incorporated 
Safeway Tire Company 
Saffer Springs Grain Co. 

. I  :  
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Saginaw Creamery Co. '. 
Saginaw Processing C Supply Co. 
St. Alban Co-op Creamery 
St. Joe Minerals Corp. 
St. Mary's State Bank (GA) 

E r-7: c- 
St. Reses Paper Co. !-- 
Salem Bank (KY) 

; ~. t: 
Salvatore Bruzzese i-? 
Samuel Cabot Paint and Stains 

m 

Samuel M. Gertman Co. Inc. 
Sanborn Savings Bank (IA) '. 
Sanjo Dress Inc. .T 
Saul Brothers & Co. 
Saxon Industries, Inc. 
Scale Manufacturers Association 
Schachner Belt Company 

iG er2 
Schering Plough Corp. 

Ezz e 
Schlueter Manufacturing Co. 

c=-; :-.- 
Schmidt Company c3 
Schooner Corp. kz 
Schwarz Fish Company CE SC 
SCM Corp. 
Scoggin-Dickey Buick Co. 
Scott & Fetzer 
Scott Paper Co. 
Scovill Manufacturing Co. 
Scranton Building Block Co. 
Screen Manufacturers Association 
Scripps Foundry-Machine Works 
Sears Roebuck & Co. 
Seaway Bolt & Specials Co. 
Security Bank (ND) 
Security Savings Bank (IA) 
Security State Bank (MO) 
S. Edwards Inc. 
Sekan Cheese Co. 
Selby, Battershy & Company 
Serta Restokraft Mattress 
Service Erection & Machine 
Sethness Products Co. 

i 

Seven-Up Company 
S. F. Sherard & Sons Inc.' 
S. G. Taylor Chain Co. 
Shanes Marine & Hardware 
Shasta Beverages 
Shattuck National Bank (OK) 
Shawn Originals Inc. 
Sheffield Furniture Corp. 
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Sheller Globe Corp. 
Shell Oil Co. 
Shepher Distributors-Sales 
Sherwin-Williams Co. 
Sherwood Industries 
Shramsberg Champagne 
Shuberts Ice Cream & Candy 
Sidney Rothschild Inc. 
Siegels Sixth St. Supermarket 
Signal Companies, Inc. 
Signal Hills State Bank (MN) 
Signode Corp. 
SI Handling Systems Inc. 
Silver Loaf Baking Co. 
Simmons Co. 
Simplicity Patterns Co. 
Singer Co. 
Singer Products Co. Inc. 
S. J. Carlson & Son Inc. 
Sklar Manufacturing Co. Inc. 
Skyline Be1 Air Estates Inc. 
S. L. Industry 
Slocomb Plastic Pipe & Products Inc. 
Smaller Business of America 
Smith Cookie Co. 
SmithKlene Corp. 
Smith Specialty Co. 
Smith-Willison Inc. 
S. M. Jones & Co. Inc. 
Snodgrass-Maner Co. 
Society Brands Limited 
Society of American Registered Arch-itects 
Society of American Wood Preservers 
Society of Automotive Engineers 
Society of Construction Superintendents 
Society of Exchange Counselors 
Society of Industrial Realtors 
Society of Manufacturing Engineers 
Society of Plastics Engineers 
Society of Real Estate Appraisers 
Society of the Golden Section 
Society of the Plastics Industry 
Society of Turkish Architects, Engineers, and 

Scientists in America 
Somerset Telephone Co. 
Soniform, Inc. 
Sound Shop 
Sou Pump SC Tank Company 
South African Bureau of Standards 

, 

ANNEX 1, 
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Southeastern Lumber Manufacturers Association 
Southern Forest Products Association 
Southern Hardwood Lumber Manufacturers Association 
Southern Pine Inspection Bureau 
Southern Pressure Treaters Association 
Southern Sash Supply Montgomery 
Southern Wholesalers Association 
Southern Woodwork Association 
Southwestern Stationary-Bank Supply 
Southwest Forest Industries 
Southwest Recyclers Inc. 
Space & Leisure Time Ltd. 
Space-Links Inc. 
Spartanburg Lumber-Millwork 
Spartanics Ltd. 
Specialties Wrought Iron 
Spencer Foods Inc. 
Sperry & Hutchinson 
Sperry Rand Corp. 
Springfield Aluminum & Brass 
Springfield Instrument 
Springs Mills Inc. 
Square D Co. 
Squibb Corp. 
S. R. M. Motel Corp. 
Staal Buick Inc. 
Staflex Co. 
Stained Glass Association of America 
Standard Brands Inc. 
Standard Cycle Co.-Inc. 
Standard Modern Tool Co., Ltd. 
Standard Oil of California 
Standard Oil Co. (Indiana) 
Standard Oil Co. (Ohio) 
Standard Venetian Blind Co. 
Standco Industries, Inc. 
Stanley Drug Products Inc. 
Stanley Works 
Stanton Steel Company 
Stardust Motel Inc. 
Star Headlight & Lantern Co. 
Starr Electric Co. 
State Bank (IL) 
State Bank (MN) 
State Bank (WI) 
State governments and agencies: 

Alabama 
Department of Education 

Alaska 
Department of Commerce and Economic Development 
Department of Education 
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Ii 

Arizona 
Department of Agriculture 
Department of Education 

Arkansas 
Department of Commerce 
Department of Education 

California 
Department of Consumer Affairs 
Department of Education 
Department of Food and Agriculture 
Department of General Services '_, 
Department of Health 
Department of Motor Vehicles 
Department of Transportation 
Division of Measurement Standards 
General Assembly Agriculture Committee 
Highway Patrol 

Colorado 
Department of Education 
Department of Highways 

Connecticut 
Department of Education 
Department of Transportation 

Delware 
Department of Public Instruction 

Florida 
Department of Education 

Georgia 
Department of Education 
Department of Transportation 
Metrication Commission 

Hawaii 
Department of Education 
Division of Weights and Measures 

Idaho 
Department of Education 

Illinois 
Office of Education 

Indiana 
Department of Education 

Iowa 
Department of Public Instruction 

Kansas 
Board of Agriculture 
Department of Education 

Kentucky 
Department of Education 
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Louisiana 
Department of Agriculture . ..I / ' 
Department of Education 
Legislative Council : 

Maine 
Department of Education '_ 

Maryland 
Department of Education 
Department of General Services i 
Department of Liquor Control :. 
Highway Commission . .' ;: . 

Massachusetts : I: 
Department of Education .I 
Division of Standards 

Michigan ,: 
Department of Education, 

Minnesota 
Department of Education 
Metric Council 

Mississippi 
Consumer Protection Division 
Department of Education 

Missouri 
Department of Agriculture 
Department of Education 

Montana 
Department of Education 
Division of Business Regulations 

Nebraska 
Department of Agriculture 
Department of Education 

Nevada : 
Department of Commerce 
Department of Education y 

New Hampshire >. 
Department of Education 
Department of Purchase and .Property 

New Jersey 
Department of Education 

New Mexico 
Department of Education .' 

New York 
Bureau of Weights and Measures 
Department of Agriculture and Markets 
Department of Education 

North Carolina 
Department of Administration 
Department of Public Education 

North Dakota 
Department of Public Instruction 
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Ohio 
Bureau of Weights and Measures 
Department of Administrative Services 
Department of Agriculture 
Department of Education 
Department of Liquor Control 
Department of Transportation 

Oklahoma 
Department of Education 
Department of Transportation : .i 

Oregon ., " 
Department of Agriculture 
Department of Education 

Pennsylvania 
Department of Agriculture 
Department of Commerce 
Department of Education 
Department of Environmental Resources 
Department of General Services 
Department of Labor and Industry 
Department of Transportation 
Liquor Control Board 
Turnpike Commission 

Rhode Island 
Bureau of Weights and Measures 
Department of Education 

South Carolina 
Department of Education 

South Dakota 
Department of Education 

Tennessee 
Department of Agriculture 
Department of Education 

Texas 
Department of Agriculture--Consumer Services 
Department of Education 

Utah 
Department of Education 

Vermont 
Department of Education 
State Planning Office 

Virginia 
Department of Education 

Washington 
Superintendent of Public Instruction 

West Virginia 
Department of Education 
Department of Labor 
Division of Consumer Products 
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Wisconsin 
Department of Agriculture 
Department of Public Instruction 

Wyoming 
Department of Education 

State Savings Bank (MI) 
State University of New York-Buffalo 
State Wholesale- Food Inc. 
Stauffer Chemical Co. 
Stedman Hosiery Mills Newton 
Steel Company of Canada 
Steel Deck Institute 
Steel Door Institute 
Steel Forgings Inc. 
Steel Service Center Institute ,. 
Steel Supply Co. 
Steel Window Institute 
Stellar Manufacturing Co. 
Stephenson Lithograph Inc. 
Sterling-Clark Lurton Corp. 
Sterling Drug Inc. 
Sterling Outdoor Advertising Co. 
Stokely-Van Camp, Inc. 
Stokes Fish Co. 
Stolper Industries Inc. 
Stor Dor Freight System Inc. 
Straford.Chemical Co. 
Strauss Plastic Co., Inc. 
Striegel, Inc. 
Strohecker Inc. 
Strouse Adler Co. 
Strouse & Brothers Inc. 
Structural Engineers Association of California 
Structural Products, Inc. 
Stucco Manufacturers Association 
Studebaker-Worthington Inc. 
Sudlersville Bank of Maryland 
Sugar Land Telephone Co. Inc. 
Sunbeam Corp. 
Sun-Maid Raisin Growers of California 
Sun Petroleum Products Company 
Sunstrand Corp. 
Superior Oil Co. 
Supreme Dairy Products Co. 
Susan Page Inc. 
Sutherland Farmers Co-op Co. 
Sutter Products Co. 
Sutton Tool Company 
S. Vogel Sons Inc. 
Swink Hosiery Mill Inc. 

ANNEX'1 
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Sybron Corp. /_ 
Syncro Corporation - ./, : 
Taconic Manufacturing & Tool Corp. j 
Talanco Motors Inc. 
Talley Industries Inc. 
Tarheel Electric Supply Inc. 
Taylor Provision Co. Inc. 
Teamsters Union 
Tecumseh Products Co. 
Technical Research Co. .' ; 
Teen Colony Inc. 
Teknicote Inc. ,' 
Tektronix, Inc. 
Teledyne Inc. 
Tenneco Inc. ; 
Tersco Inc. of West Texas .', ,) 
Tesoro Petroleum Co. 
Texaco Inc. 
Texasgulf Inc. 

: 

Texas.Instruments 
Textron, Inc. 
Thermal Insulation Manufacturers Association 
Therm0 Conductor Services .' 
Thermopatch Corp. 
Thiesing Veneer Co. 
Thiokol Chemical Corp. 
Thomasboro Grain Co. 
Thomas J. Lipton Inc. 
Thompson Concrete Products 
Thorrez Industries Inc. 
Thurman Scale Co. 
Timber Producers Association of,Michigan & Wisconsin 
Time Inc. 
Times Mirror Co. 
Timken Co. 
Timmerman Construction Inc. 
Tiny Toron Togs Inc. 
Tire and Rim Association 
Tire Industry Safety Council 
Toledo Scale Company 
TOSCO Corp. 
Town & Country Custom Fixtures 
Townecraft Inc. 
Trane Co. 
Transport Storage-Distributing Co. 
Trans Union Corp. 
Trans World Airlines, Inc. 
Trend Industries, Inc. 
T. R. Heard Inc. 
Tribune - Star Publishing Co. 
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Tri-City Fabricating & Welding Co. 
Tri-County Electric Association 
Truck Cab Manufacturers Inc. 
Truck & Trailer Sales Corp. 
Truckers Equipment Inc. 
TRW Inc. 
Traffic & Transport Inc. 
Trailer Coach Association 
Triangle Manufacturing Co. 
Truman Boyles Mattress Co. Limited 
Truss Plate Institute 
Tufts and Wenzel Architects 
Tufts New England Medical Center 
Tunis Manufacturing Corp. 
Turner & Allen Chemical Co. 
Twentieth Century - Fo.x Film Corp. 
Twentieth Century Heating Co. 
Twin Island Motel Inc. 
Tyler Corp. 
Underground Engineers Contractors Association 
Underwriters Laboratories, Inc. 
Union Carbide 
Union Oil Company of California 
Union - Whitten State Savings Bank (IA) 
Uniroyal'Tire Company 
United Airlines 
United Aluminum Corporation 
United Association of Journeymen and Apprentices of the 

Plumbing and Pipe Fitting Industry 
United Auto Workers 
United Brands Co. 
United Brotherhood of Carpenters and Joiners of America 
United Bus Owners Association 
United Camp Corp. 
United Cement, Lime & Gypsum Workers International Union 
United Merchants & Manufacturers 
United Rubber, Cork, Linoleum, and Plastic .' 

Workers of America 
United Shellfish Co. Inc. 
United States Filter Corp. 
United States Government: 

Civil Aeronautics Board 
Civil Service Commission 
Department of Agriculture 
Department of Commerce 

Bureau of Census 
Domestic and International Business Administration 
Maritime Administration 
National Bureau of Standards 

L 
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Department of Commerce (Cont.1 .' 
National Oceanic and Atmospheric Administration 

National Weather Service 
Patent and Trademark Office 

Department of Defense 
Department of the Army 

Corps of Engineers 
Department of the Navy 
Department of the Air Force 
Defense Logistics Agency 
Defense Mapping Agency 

Department of Energy 
Department of Health, Education,~ and Welfare ' 

Food and Drug Administration 
Office of Consumer Affairs 
Office of Education 

Department of Housing and Urban Development 
Department of the Interior 

Bureau of Reclamation 
Geological Survey 

Department of Justice 
Department of Labor 

Bureau of Labor Statistics 
Occupational Safety and Health Administration 

Department of State 
Department of Transportation 

Federal Aviation Administration 
Federal Highway Administration 
Federal Railroad Administration 
National Highway Traffic Safety Administration 
Saint Lawrence Seaway Development Corp. 
Urban Mass Transportation Administration 
U.S. Coast Guard 

Department of the Treasury 
Bureau of Alcohol, Tobacco and Firearms 

Environmental Protection Agency 
Federal Communications Commission 
Federal Maritime Commission 
Federal Trade Commission 
General Services Administration 

Federal Supply Service 
Public Buildings Service 

Government Printing Office 
Interstate Commerce Commission _-- 
International Trade Commission 
National Aeronautics and Space Administration L ~- 
National Labor Relations Board 
National Science Foundation 
National Transportation Safety Board 
Nuclear Regulatory Commission i ~ 7 
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Office of the Special Representative for ,.'- 
Trade Negotiations 

Postal Service 
Small Business Administration 
Smithsonian Institution 
Tennessee Valley Authority 
Veterans Administration 
Veterans Administration Hospital, .Washington, D.C. 

United States Steel Cprporation 
United Survey, Inc. 3 ',. li 
United Technologies Corp. 
Universal Bandag Inc. /' f 
Universal Instruments .Corp. a.. . 
Universal Leaf Tobacco Co. .: 
University of Cincinnati 
University of Indiana _.I, r . 
University of Minnesota 
University of Missouri 
University of Nevada 
University State Bank (KS) 
Upjohn Co. 
Upper Canada Manufacturing Ltd. 
Urethane' Foam Contractors Association: 
U.S. Brewers Association,. Inc. ._ 
U.S. Growers Cold Storage 
U.S. Gypsum Co. 
U.S. Industries, Inc. 
U.S. Metric Association 
U.S. Oil Company 
U.S. Olympic Committee 
U.S. Tennis dourt'and Track Builders.Associatio_n" 
Utility Equipment Co. International 
Utz Potato Chip Co. Inc. 
UV Industries, Inc. 
Valley Lumber Cor,p. 
Valve Manufacturers Association 
Van Cleave Properties 
Van Doren Red-E-Mix 
Van Horn Co. Inc. 
Van Pelt Brothers Dairy 
Vans Store Equipment Co. 
Varian Associates 
Vaughn Construction Co. Inc. 
VDO Instruments Corp. 
Veeder-Root Company 
Vera M. Riley 
Verson Allsteel Press Co. 
VF Corp. 
Vierk Distributing Co. 
Viking Inc. 
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Viking Industries Inc. 
Village American Jeep, Inc. 
Virgil C. Hamilton, Jr. 
Virginia Polytechnical Institute Cooperative 

Extension Service 
Volk Tire Corp. 
Volunteer Specialty Co. 
Vulcan Materials Co. 
Wabash Telephone Co-op 
Wade & Sons Inc. 
Waldo Brothers Co. -/ 
Walgreen's Liquor and Wines 
Walker Brothers & Co. 
Walker County Bank (GA) 
Walker Pontiac Inc. 
Wallace Murray Corp. 
Wallace Packaging Corp. 
Wallcovering Manufacturers Association 
Wal Machine Inc. 
Walnutport State Bank (PA) 
Walter Jansen & Son 
Walter Kidde & Co., Inc. 
'Walter Morris Investment Co. 
W. A. Moyer & Sons Inc. 
Ward Foods Inc. 
Ware Manufacturing Co. Inc. 
Warnaco Inc. 
Warner Communications, Inc. 
Warner Farms Inc. 
Warner-Lambert Co. 
Warren Hutty Ltd. 
Warsaw Black Oxide Inc. 
W. A. Scheurer 
Washington Post Co. 
Washington Star 
Washington Woodworking 
Watson Land-Cattle Co. Inc. 
Waulkee Engineering Co. Inc. 
Wayne Home Equipment Co. 
Wayne Tire Company 
W. C. Tingle Co. Inc. 
W; C. Wiedenmann & Son, Inc. 
WDVM TV (WTOP) 
Weatherking Products Inc. 
Weaver Potato Chip Co. Inc. 
Webber Glass Manufacturers Corp. 
Weber & Huston Inc. 
W & E Chevrolet Sales 
W. E. H. Rasmussen 
Weil Oldsmobile Inc. 
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Weiss Shirt Co. Inc. 
Welders Needs Inc. 
Welding Research Council 
Welding Service Co. 
Wells Management Corp. 
West Coast Lumber Inspection Bureau 
West End Dairy 
Westerman Print Co. 
Western Builders Co. Inc. 
Western Building Materials Association 
Western Can Company 
Western Concrete Reinforcing Steel Institute 
Western Electric Co. 
Western Extralite Co. Inc. 
Western Forest Industries Association 
Western Red Cedar Lumber Association 
Western Red & Northern White Cedar Association 
Western Reserve Bank (OH) 
Western Timber Association 
Western Wood Mouldins & Millwork Producers 
Western Wood Products Association 
Westinghouse Electric Corp. 
Westmoreland Coal 
West Point - Pepperell, Inc. 
Westvaco Corp. 
West Valley Construction Co. 
West Virginia Steel Corp. 
Weyerhauser Co. 
W. F. Wells & Sons Inc. 
Wheelabrator-Frye Inc. 
Wheeler E.E. Company 
Wheeling-Pittsburg Steel Corp. 
Whirlpool Corp. 
White Consolidated Industries, Inc. 
White Motor Corp. 
Whittaker Corp. 
Wight Nurseries Inc. 
Wilburton State Bank (OK) 
Wilhoit Gas Co. Inc. 
William H. Rorer, Inc. 
William Liquors 
William L. Wallace & Sons 
William R. Huey 
William Wrigley, Jr. Co. 
Williamette Industries Inc. 
Williams Companies 
Williams Furniture Co. Inc. 
Willis Bank of Texas 
Wilson Court Inc. 
Wilson Manufacturing Co. Inc. 
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Windmill Nurseries Inc. 
Wine and Spirits Wholesalers of America 
Wine Institute 
Winfred M. Berg Inc. 
Winnsboro Plywood Co. Inc. 
Winslow Paints 
Winthrop-Atkins Co. Inc. 
Wire Reinforcement Institute 
Wisconsin Can Co. 
Witco Chemical Corp. 
WJAL TV (WMAL) 
W. L. Meekins, Inc. 
W & L Sales Co. Inc. 
W. L. Sharpe Contracting Co. 
WMAL Radio Station 
Wolfs Inc. 
Wolpin Co. 
Women Council of Realtors 
Wood & Synthetic Flooring Institute 
Woodcraft Industries Inc. 
Woodcraft Kitchens Inc. 
Woodland Paving Co. Inc. 
Woodley Liquors 
Woodward and Lothrup Co. 
Woodward Co. 
Woolrich Woolen Mills Inc. 
Workman Electronic Products 
W. R. & F. Builders 
W. R. Grace & Co. 
Wright Pontiac 
W. & W. Construction Co. 
Wyeth Laboratories 
Xerox Corp. 
Yankee Screw Products Co. 
Youngstown Steel & Alloy Corp. 
Zalk Steel & Supply Co. 
Zelda Fastener Co. Inc. 
Zellwood Fruit Distributors 
Zenith Auto Screw Product 
Zenith Radio Corp. 
Zimmer Paper Products Inc. 
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Single copies of GAO reports are available 
free of charge. Requests (except by Members 
of Congress) for additional quantities should 
be accompanied by payment of $1.00 per 
copy. 

Requests for single copies (without charge) 
should be sent to: 

U.S. General Accounting .Office 
Distribution Section, Room 1518 
441 G Street, NW. 
Washington, DC 20548 

Requests for multiple copies should be sent 
with checks or money orders to: 

U.S. General Accounting Office 
Distribution Section 
P.O. Box 1020 
Washington, DC 20013 

Checks or money orders should be made 
payable to the U.S. General Accouhting Of- 
fice. NOTE: Stamps or Superintendent of 
Documents coupons will not be accepted. 

PLEASE DO NOT SEND CASH 

To expedite filling your order, use the re-, 
port number and date in the lower right 
corner of the front cover. 

GAO reports are now available on micro- 
fiche. If such copies will meet your needs, 
be sure to specify that you want microfiche 
copies. 
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