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The National Science Board’s Sc,lence lndlca 
ts reports are collections of measures 
which attempt to portray slgnlflcant trends 
In the condition and direction of U S 
science and technology Development of 
these Indicators IS a very complex and dlffl- 
cult task, and the art IS still In an early stage 
of evolution 

P 
The National Science Board and the Natlon- 
al Science Foundation staff should continue 
to experiment In the Science Indicator series 
by developing and testing new mdlcators 
They should emphasize a more conceptual 
approach which first Identifies what will be 
measured, and then generates the appropn- 
ate data Attempts should be made to devel- 
op mdlcators 6f the process and substance 
of research and to better dlfferentlate be- 
tween science and technology More Interpre- 
tatlon of the meaning of Indicators should 
be included In future reports 
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The Honorable Lloyd Iy. Bentsen, Jr. 
ChaIrman, Joint Economic Committee 
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Dear Mr. ChaIrman: 

As part of the Special Study on Economic Change, tne 
past Chalrman of the Joint Economic Commlttee, Representa- 
tlve Richard Bolllng, asked GAO to review the measures used 
to lndlcate the state of U.S. science and technology. Thrs 
report examines the measures presented in the blennlal 
National Sczence Board's Science Indicators (SI) reports, 
with emphasis on SI76, the most recent edltroTat the time 
of tnls study. GAO revlewed the lndlcators In S176 to de- 
termlne their valldlty, their llmltatlons, and possible Im- 
provements In their selectlon, design, and lnterpretatlon. 

The sublect studled rn this report concerns many legls- 
lators. Accordingly, we are sending this report to several 
other Interested congressional committees. 

Copies are also oelng sent to tne Dlrector, Offlce of 
Management and Budget; the Defector, Offlce of Science and 
Technology Po11.c~; the Director of the National Science 
Foundation and the Chalrman of the Matlonal Science Board; 
and the Departments of Commerce, Defense, Energy, and .$&ate. 

Comptroller General 
of the UnIted States 
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I COMPTROLLER GENERAL'S 
I REPORT TO THE 
I JOINT ECONOMIC COMMITTEE 

SCIENCE INDICATORS: 
IMPROVEMENTS NEEDED IN 
DESIGN, CONSTRUCTION, 
AND INTERPRETATION 

1 
\ DIGEST I m-e--- 

BACKGROUND 

Tne Joint Economic Committee requested, as 
part of their Special Study of Economic 
Change, that GAO examine the measures used 
to indicate the state of U.S. science and 
technology. To do this, GAO reviewed the 
National Science Board's blennlal Science 
Indicators reports (particularly Science In- 
dicators 1976--the latest edition) because 
they contain measures which attempt to por- 
tray slgnlflcant changes in the state of 
science and technology. These measures are 
potentially a val able resource in Federal 
declslonmaklng. 2 Indicators in the 1976 re- 
port were examined to determine their va- 
lldlty, their llmltatlons, and possible im- 
provements in their selection, design, and 
interpretation/ 

The development of science and technology 
indicators is extremely difficult for many 
reasons, including: the complex nature of 
science and technology, the diverse and per- 
vasive way both interact wltn society, and 
primitive understanding of the processes and 
linkages involved. !Chese factors greatly 
impede selection of important concepts or 
kinds of information and measures. Also, 
much of the terminology generally used to 
develop measures (e.g., "health" and "vi- 
tality" of science) 1s vague and evaluative:, 
(pp. 14-17). 

, In addition to tnese overall problems, the 
Science Indicators series 1s confused by 
disparate statements of purpose that reveal 
disagreement about whether (1) the reports 
should include evaluation of the state of 
science, and (2) whether technology should 
receive as inuch coverage as science. 

4 From 
tne different statements (which to ome ex- 
tent lndiLdr;e changes in perspective with 
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time and experience), GAO dlstllled a comnon- 
denominator purpose: tne reports should quan- 
tify as many of the dlmenslons of both scl- 
ence and technology as 1s feasible, with a 
view towards ldentlfylng significant trends 
and developments, lnterpretlng possible cau- 
sal relations, and analyzing their possible 
meaning for the condltlon and dlrectlon of 
science and technology in the United States. 

GENERAL PROBLClYS vJITd 1976 REPORT 

The lmpllclt model of science and technology 
inferred from the selection of indicators in 
the 1976 report 1s too narrowly based on the 
notion tnat science and technology are direct- 
ly related by cause and effect and are to 
serve societal need.5 exclusively. This simple 
input-output approach does not sufficiently 
differentiate science from technology and vleds 
these actlvltles only in terms of economic re- 
sources and tangible products. It leaves out 
both the process of sclentlflc tiork and the 
suostance of sclentlflc knowledge (pp. 13-23). 

%4 malor llmltatlon of the 1976 report 1s lack 
of lnterpretatlon of the meaning of the lndl- 
caters. This 1s at odds with the purpose of 
the report and limits its caganlllty to de- 
scribe the state of science and technology7 

DIFFIC0LI'IES bJITd PARTICULAR INDICATdRS 

Some indicators in the 1976 report are iaprop- 
erly conceived and need to be reworked (p. 23). 
Tnere are measures wlthout proper conceptual 
development, some of wnlcn nave been poorly 
constructed oy uncrltlcal adoption of econonlc 
indicators (e.g., research and development dl- 
vlded by the gross national product (p. 25). 
Indicators oased on patent data, i.e., declln- 
ing rates of U.S. lndustrlal patenting versus 
that of foreign corporations in tne Unite3 
States, nave little value due to incorrect as- 
sunptlons aDout Industry’s lncentlves towards 
patentlng. The Science and recnnology Annual 
Report provides more reallstlc indicators using 
slrnllar Data (gp 27-28) 

Xner appropriate and lm?ortgnt lndlcators were 
underused In the reports, or their l,lmltatlons 

11 
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were not spelled out sufflclently. Indicators 
on technological lnnovatlon seem well-made and 
reveal slgnlflcant lnformatlon about the inno- 
vation process, but they have underlying llmi- 
tatlons which need to be made explicit (p. 30). 
GAO belleves the 1976 report was too conserva- 
tive in its use of blbllometric data which in- 
volves counting both tne number of publications 
In a given field and the number of citations to 
certain publications. Blbliometric data seem 
to have much potential for measuring both the 
process and the substance of science although 
they also have Important linitatlons (p. 32). 

The puollc attitudes survey done for the 1976 
report suffers from (1) considering the public 
as a single, homogenous mass; (2) not sepa- 
rately surveying any of the sclentlflc "pub- 
11c"; and (3) making all questions evaluative 
(i.e., based on good/bad dlstlnctlons)(p. 34). 

RECOMMENDATIONS 

GAO recommends that the National Science Board 
direct the Science Indicators staff to: 

--Use different models of science and technology 
to present a spectrum of important concepts 
which need to be measured. Particular atten- 
tion should be given to developing indicators 
of the process and substance of research. 

--Emphasize a more conceptual approach in de- 
signing lndlcators which first ldentifles what 
will be ineasured, and then generates the ap- 
propriate data. 

--Include overall lnterpretatlon of the mean- 
ing of the lndlcators without emphaslzlng 
short-term topical policy issues. 

--Consider alternative lndlcators suggested by 
GAO. 

--Continue to experiment in the series by de- 
veloping and testing new indicators, and 
by reevaluating and lmprovlng old ones. 

--Attempt to more clearly differentiate scl- 
ence frown technology and develop dlstlnc- 
tlve lndlcators for each. 
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--Consider whether sufficient resources are 
avallable to gerfora essential researcn and 
experlmental development of new and improved 
indicators. 

AGENCY COMMENTS 

Tne Natlonal Science Foundatron reviewed a 
draft of tnls report and provided lengthy com- 
ments. The full text of the Foundation’s com- 
ments and GAO’s responses are ln appendix II. 

The Foundation noted that GAO’s report 1s based 
on an analysis of the 1976 report and that 
inany changes, consistent with GAO’s recommen- 
datlons, have been made In the 1978 volume, 
due to be released soon. Other key comments 
were: 

--It is very dlfflcult, and possibly not cur- 
rently feasible, to develop models of scl- 
ence and technology on which to base the 
selection of Indicators. Furthermore, In- 
dlcators which are independent of the choice 
of a model may be the most useful ones. 

--Science lndlcators used are generally based 
on deflnlte concepts. Frequently multiple 
concepts are reflected by a single lndlca- 
tor or a comblnatlon of indicators. 

--Every attempt has been made to clearly dlf- 
cerentlate science from technology, wherever 
this 1s possible or appropriate. 

GAO belleves it is Important that lndlcators 
be selected according to a variety of expllc- 
It, experimental nodels In order to gain a 
broad perspective of science and technology. 
Addltlonally, a conceptual approach to lndl- 
cator iievelopment should be emphasized. Some 
of tne exlstlng concepts used by the Founda- 
tion are too broad and should be redefined. 
Finally, GAO does not agree that tne Founda- 
tlon nas adequately separated science from 
technology, particularly in the chagter on 
public attitudes In the 1976 report. 
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CHAPTER 1 

INTRODUCTION 

For its "Special Study of Economic Change," the Joint 
Economic CommIttee requested the General Accounting Office to 

‘I* * * (1) assess the validity of the data bases 
and interpretation of the surrogate measures used 
to measure the quality and vitality of U.S. sci- 
ence and technology; and (2) in partxular critique 
Science Indicators and related reports dealing with 
the matters mentloned above." 

The main ObJectives of this study were to evaluate the meas- 
ures of science and technology now used by Federal declslon- 
makers and to suggest criteria for evaluating future measures. 

SCOPE OF GAO REVIEW 

Science Indicators, 1976 (S176) 1s the main focus of this 
report. S176 (published in February 1978--several months late) 
is the third and most recent of the biennial science indicator 
reports published by the National Science Board (NSB). (In re- 
sponse to congressional mandate, NSB has published an annual 
report on issues in science and technology since 1969. The 
Science Indicator series began with the publication of S172 in 
1973 and has been published as NSB's annual report for each 
odd-numbered year, alternating with reports on more toplcal 
issues.) Soine attention 1s also given to the first Science 
and Technology Annual Report (STAR), published In September 
1978. It was written primarily by the staff of the National 
Science Foundation (NSF) and includes an overview by the Of- 
fice of Science and Technology Policy (OSTP). A third closely 
related report, also legislated by Congress, is the Five-Year 
Outlook report which 1s scheduled to appear in January 1980. 
These reports (z, STAR, and the Five-Year Outlook) presumably 
will give Congress a thorough descrlptlon of the current state 
of U.S. science and technology. 

Our crltlque of the SI series, particularly S176, 1s 
based on comments and suggested improvements found in relevant 
literature and interviews with officials from NSF, OSTP, con- 
gressional staffs, and other organlzatlons that use Science 
Indicators. 

TERKCNOLOGY 

The terms defined below are offered both as a glossary 
for this study and a s suggestions for future common use. 
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‘Measure 

Indicator - 

Concept 

Model 

Interpretation - 

Evaluateon - 

A numerIca surrogate or substitute 
for, or a partial descrlptlon of, 
some emplrlcal aspect of a phenome- 
non. 

A measure selected for elucldatlng a 
particular concept. For a full dls- 
cusslon of th1.s term, see page 7. 

An Idea or notion of some IntangIble 
social phenomenon or actlvlty; such 
as poverty, Intelligence, Inventive- 
ness. 

A descrlptlon of reality that removes 
the most important parts from It and 
reassembles them for easier understand- 
3.ng, analysis, and manlpulatlon. Theo- 
rles are consldered highly complex and 
expllclt models which attempt to de- 
fine lnterrelatlonshJ.ps and causation. 

Explanation or deSCrJ.ptJ.onS of various 
trends or Interrelatlonshlps derived 
from data. 

Judgment concerning the slgnlflcance, 
degree, condJ.tlon, or valldlty of data 
and trends and their lnterpretatlons. 

BACKGROUND 

The development and use of science and technology lndlca- 
tors are part of a movement to yuantlfy and thus more clearly 
define, understand, and measure social condltlons and trends. 
BeJl.nnlng with economic lndlcators, quantlflcatlon now In- 
cludes social lndlcators, which have been used In a variety 
of ways, lncludlng social and environmental Impact assessment. 

The Impetus for creating economic lndlcators began with 
the desire to measure the extent of various economic proulems 
during the Great Depresslon. Inltlal studies were made, 
biases and conceptual proolems were slowly uncovered and re- 
solved, and more reliable measures were developed. This pro- 
Cc?GS took a long time (at least 19 years for reliable unem- 
ployment measures, for example), and much conceptual work was 
necessary before reliable lndlcators were devised to satisfy 
a perceived need. 
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The idea for charting social trends began with a press- 
dentlal commlttee that Issued a report In 1933 entitled Recent 
Social Trends. This report, and slrnlldr efforts In the fol- 
lowing years, had little affect on pollcymaklng. Most social 
sclentlsts attrlbute the recent social lndlcator "movement" 
to a National Aeronautics and Space Admlnlstratlon-sponsored 
study by the American Academy of Arts and Sciences completed 
In 1967. Social lndlcators are still relatively new, al- 
thouyh their use and importance continue to Increase. As 

/ with economic Indicators, experlmentatlon over time has been 
elemental to the success achieved thus far. 

SCIENCE AND TECHNOLOGY INDICATORS 

Present lndlcators clnd other measures of science and 
technology began with NSF's collection and publlcatlon In 1953 
of perlod1.c surveys on "the fundlng and perTorFaqce" of re- 
search and development (R&D) In the United States. In 1968, 
the Congress mandated an annual authorlzatlon for the NSF bud- 
get, rather than rhe contlnulng authorlzatlon which NSF had 
been under since Its formation In 1950. The leglslatlon (P.L. 
90-407) also required an anriual report from NSB, the "corpo- 
rate board" of the Foundation. The annual report was to be 

It* * * on the status and health of science * * * 
[and] shall include an assessment of such matters 
as national sclentJ.flc resources and tralned manpower 
* * * 11 . 

The first reports were toplcal, with such titles as: Toward a 
Public Policy for Graduate Education In the Sciences (first 
report, NSB-69-l), The Physical Sciences (second report, 
NSB-70-1) , and Environmental Science: Challenge for the 70's 
(third report, NSB-71-l). 

The Board, mainly on the Inltlatlve of one of Its mem- 
bers, Dr. Roger Heyns, decided tnat assessing science would be 
well-served by rncludlng solme form of measures. Therefore, 
for Its fifth annual report, NSB publlshed Science Indicators 
1972, the first In a series of experlmental blennlal data 
books which have been published In alternate years with the 
other toplcal Board reports. Each year the amount of data 
has Increased as the NSF staff has experlmented with new In- 
dlcators. The fourth In this series, S178, 1s scheduled to 
be published In tr;: fz;ll cf 1979. 

The Congress has also expressed an Interest In an overall 
assessment of science and technology by establlshlng OSTP and 
by mandatlng two reports-- a Science and Technology Annual Re- 
port (STAR) and a Five-Year Outlook (P.L. 94-282, May 11, 
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1976). These reports were to appraise U.S. science and tech- 
nology In relation to national goals. This appraisal was to 
Include two aspects related to the use of science and tech- 
nology: (1) how science and technology could contrlbute to 
the resolution of present societal problems; and (2) how 
problems specific to tne scientific enterprise could hinder 
the future contribution of science and technology. 

The use of indicators 

Quantitative measures and indicators in science and tech- 
nology policy have a variety of uses, mostly as "background 
lnformatlon" for setting policy and as evidence for evaluating 
perceived problems and issues. According to a broad survey 
by NSF, A/ its science and technology statistics are used to 
varying degrees in setting budgets, drafting legislation, 
planning and administering R&D programs, and monitoring trends 
of particular interest. The LVSF survey listed the following 
as declslons which were influenced by science and technology 
statistics: 

--reversal of the decline In Federal basic research 
funding, 

--development of Federal science programs aimed at 
women and/or mlnorltles, 

--stimulation of industrial R&D funding and attempts to 
shift the dlstrlbutlon of R&D funding among academic 
and industrial instltutlons, and 

--increase in Federal allocations of funds for energy 
R&D. 

The foregoing list suggests the scope and significance of 
the public policy issues that science and technology indlca- 
tors nelp clarify. Because these indicators are tools in the 
Federal decisionmaking process, it 1s important to determine 
their validity. Validity is the most important aspect of in- 
dlcator evaluation, and it 1s a function of how the indicators 
are constructed. Chapter 2 examines the theory and construc- 
tion of. indicators and hoti to determine their validity. 

L/"Report on the Inquiry on Uses of JSF Data and Studies," 
National Science Foundation, Division of Science Resources 
Studies, Nay 1978. 
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CHAPTER 2 

GENERAL THEORY OF INDICATORS 

General conslderatlons of the measurement process are 
used to construct a working deflnltlon of an lndlcator as a 
particular type of measure. For this report, the term "lnd~.- 
cator" refers to a measure or set of measures aimed at elucl- 
dating any type of social phenomena. Tnerefore, science In- 
dlcators are consldered a subset of social lndlcators. 

LIMITATIONS OF THE PROCESS 
OF MEASUREMENT 

Emplrlcal measurement has long been regarded as lnherent- 
ly obJectlve , yleldlng factual lnformatlon that can help man- 
kind understand the nature of the physical universe. 
statement that '* 

Keplers' 
* * the mind comprehends a thing the more 

correctly the closer the thing approaches toward pure quantity 
as 3.ts orlg1n," i/ and Lord Kelvlns' well-known belief that If 
something cannot be quantltatlvely measured it cannot be un- 
derstood, are but two examples of this tradItIona faith. 

Social sclentlsts have recently emphasized that a measure 
1s a numerxcal surrogate or substitute for some empIrIca as- 
pect of a phenomenon such as dlmenslon, mass, population size, 
or expenditures. Quantltatlve measures alone offer only a 
a partial deflnltlon of phenomena. Quantlf1catlon 1s a cru- 
clal llmltatlon In the realm of social measurement because the 
complexity of most social InteractIon and change can rarely be 
understood purely In terms of quantlflable parameters. Yet, 
because yuantltatlve measures are expressed In abstract sym- 
bols which can be easily manipulated and conflgured In a 
model, they hold conslderable power for a variety of analytic 
purposes. 

The measurement process 1s also inherently llmlted by the 
lnevltable human selection of both the phenomena to be meas- 
ured and the type of data consrdered relevant to the purpose 
of measurement effort. Selection, then, lndlcates the degree 
to which a model (or theory) 1s expllclt or lmpllclt--and the 

i/G. Holton, "Can Science Be Measured," In Toward A Metric of 
Sc;cnce: The Advent of Science Indicators, R. K. Merton, 
et al, eds., (1978), pp. 39-69. 
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relative Importance of certain phenomena and the appropriate 
ways of measurlny them. &/ When the purpose of the measure- 
ment effort 1s vague or poorly understood, the utlllty of the 
model(s) used may decrease. 

For measuring an area as little understood as the scl- 
ence and technology enterprise, multiple models are needed 
to insure that as wide a spectrum of phenomena as possible 
I.S Included. Gerald Nolton expresses this when he says: 

"There are * * * reasons for welcomI.ng the admlsslon 
of a dlverslty of models and of correspondI.ng Indlca- 
tors. One 1s that In the absence of conscious plural- 
lsm, one theory 1s likely to establish itself or, at 
least, dlscouraye the others. * * * The absence of 
any expllclt theory to guide the maklng and use of 
lndlcators may not oe yood; but the adoptlon of a 
slnyle one I.S likely to oe worse." 2-/ 

Different views or models of science emphasize and at- 
tempt to measure different aspects of science. An ec0nomJ.c 
approach concentrates on lmmedlately quantlflable resources 
and results; a phllosophlcal view emphasizes the progress and 
evolution of sclentlflc knowledge; a soclologlcal perspective 
might place sclentlsts at the center of concern and examine 
their dctlvlty and their general cognlt1on of the world; a 
sclentlst's view might focus on the contemporary substance of 
science dnd the state of sclentI.flc knowledge, lncludlng Its 
advances and frontiers. Each of these perspectives adds to 
the variety of measures needed for assembling an accurate, 
comprehensive portrait of science and technology. 

A/See for example A. Kaplan, The Conduct of Inquiry (San Fran- 
CI.SCO, 1964); T. S. Kunn, The Structure of SclentI.fJ.c Revo- 
lutlons (ChIcago, 1963); and S. Toulmln, Human Understand- 
Iny The Collective Use and Evolution of Concepts (1972). 

z/Holton, op. Cit., pp. 56-57. See also relevant dlscuss3.on 
In F. M.Anclrews and 5. B. WIthey, Social Indicators of 
Well-Benny (New York, 1976), chapter I. 
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INDICATORS: A WORKING DEFINITION 

In the literature on social measurement, there I.S sub- 
stantlal varlatlon In the deflnltlon of a social lndlcator. L/ 
This report does not attempt to provide a flnal deflnltlon, 
but rather It attempts to develop a notlon of lndlcators which 
1s useful for understanding their construction and evaluation. 
It 1s worthwhile to examine lndlcators not In terms of what 
they are, but of what they do. The following are two examples 
of how measurements become zdlcators. 

1. The prices of consumer goods are measures. They be- 
come lndlcators when certain of them are selected, 
given estimated numerlcal weights, added, and viewed 
over time according to a concept of "average price 
change" (consumer price Index). 

2. The number of patent appllcatlons In a PartlCUlar 

field of industry over time 1s a measure. If seen 
In light of the concept of "lnventlveness," the 
number becomes an lndlcator. 

In each case, the empIrIca measure becomes an lndlcator 
only when seen In reference to a concept of some social phe- 
nomenon or actlvlty. Indicators do not define the concepts 
of the phenomena, but act as surrogates polntlng to or re- 
flectlng some aspect of them. An lndlcator 1s a special kind 
of measure, one that has a special meaning due to Its refer- 
ence to a speclfled concept. Common examples of such concepts 
are "poverty," "unemployment," "olrthrate," and "gross natlon- 
al product." These concepts can be measuGed In many ways, but 
the valldlty of the measure (and consequently the data used In 
the measurement effort) depends on how well the measure fits 
the concept. 

l/Andrews and WIthey, op. cit. See also R. A. Bauer, ed., 
Social Indicators, (1966), pp. l-68; B. Cazes, "The Develop- 
ment of Social Indicators: A Survey" In A. Schonfleld and 
S. Shaw, eds., Social Indicators and Social Policy, (London, 
19721, pp. 9-23; Quality of Life Indicators, Environmental 
Studies Division, Office of Research and Monltorlng, Envl- 
ronmental ProtectIon Agency, (1972), pp. l-15; and M. Burge, 
"What 1s a Quality of Life Indlcator3", Social Indicator Re- 
search, vol. 2, no. 1, June 1975. 
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APPROACHES TO INDICATOR CONSTRUCTION 

The general construction of lndlcators consists of two 
basic approaches: the "theoretical" and the "emplrlcal." L/ 
The former starts with an expllclt model or theory as the 
basis for choosing concepts, which are In turn used for select- 
Ing measures. The latter attempts to find data for lndlcators 
without reference to theory or concepts In the belief that 
these ~11: De derived frorn the chosen measures. Such Indlca- 
tors dre called "operatlunal." Note that when using either 
approach, the model(s) that Inktlally guide the collection 
of the data will oe transferred to the lndlcators using that 
data. 

The benefits of the theoretical approach appear to 
strongly outweIgh the ueneflts of operatI.onalI.sm when It comes 
to evaluating and thus valldatlng tne lndlcators. Our dlscus- 
slon treats these two approaches separately. In practice, 
both are used In a slngie, broad effort to develop lndlcators. 

Asslgnl.ng a particular measure to a concept of some SO- 

clal trend or actlvlty necessarily l.nvolves assumptions. An 
example might be to use low Income as an Indicator of "pov- 
erty." Such an IndILator 1s based on a particular deflnltlon 
of poverty that either sees 1.t strictly In monetary terms, or 
assumes that all other factors (e.y., physical and mental 
well-being, education, etc.) depend on the level of family 
Income. 

Clearly, It 1s essential to De aware of such assumptJ.ons 
when the vallilJ.ty JL ti,, l>dJ-cator like income I.S being evalu- 
ated. One might note that many nonurban, low Income famllles 
are healthy and yulte content with their way of life. Thus, 
for nonurban famllles, Income might have low valldlty as an 
in2;cacor of "poverty." However, In urban areas, this lndlca- 
toL 1;1lght have hlyh valldlty. Tne assurnptlons underlylng a 
concept determIne the possible measures and thus must be the 
focus of any attempt to make the lndlcator comprehensive. 

l/Much of the followl.ng dlscusslon 1s adapted from de Neuf- 
- vllle's treatise concerning lndlcator construction and de- 

=cvb and the relatlonshlps between models, concepts, and 
measLlres . See J. I. de Neufvllle, Socldl Indicators and 
PllUllC PolJ.cy: Interac~lve Processes of Design and Apple- 
catJon. [New York, 1975). , . 
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As demonstrated by the development of economic indlca- 
tors, the attempt to create valid social indicators demands an 
evolution which proceeds through evaluation and eventually re- 
sults in the improvement of both measures and concepts. When 
the assumptions that underlie the concepts are revealed and 
defined (made explicit), criticism will nave a constructive 
focus. Tne operational approach to indicator construction 
tries to derive a concept directly from the data. This ren- 
ders the assumption-making process lmpllclt, and thus limits 
the usefulness of the indicators. Evaluation of operational 
indicators is therefore more difficult because the assumptions 
are implicit (hidden) and must be uncovered. 

There 1s also a tendency to believe that since the con- 
cept is derived from data, it has high valldlty and that its 
assumptions are not significantly limiting. 
caters often use the most reliable 

Operational lndl- 
data available or that can 

be collected. Nevertheless, such data do not insure the va- 
ldlty of the indicator. To reiterate: It 1s how well the 
data fit and measure a relevant concept that determines the 
indicator's valldlty. 

A good example of an operational measure is the intelli- 
gence quotient (IQ). Until recently, performance on IQ tests 
was often used as a valid measure of "intelligence." The con- 
cept of intelligence was never expllcltly modeled or defined 
for the original tests, 
day. 

and it remains vague and undefined to- 
The recent controversy over the racial and cultural bl- 

ases of IQ tests has exposed the previously unrecognized as- 
sumptions behind the concept of intelligence--and hence the IQ 
indicator. This controversy shows that the central problem 
with operatlonallsm is that basic assumptions remain implicit, 
and when this is the case, 
not be determined. 

the validity of the indicators can- 

There are three main strategies for measuring a single 
concept: (1) single indicators, (2) comblnatlons of several 
ineasures into single "indexes," and (3) multiple indicators. 
Single indicators are apparently best used where the concept 
1s narrowly defined, e.g., "population size", or "birthrate." 
Broad or complicated concepts, such as "inventiveness' or 
"quality of life," often require a variety of ineasures and may 
involve both indexes and multiple indicators. There is thus a 
definite need to consciously match th e strategy of indicator 
design to the scope of the concept being measured. 
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PROBLEMS AND POSSIBILITIES IN OVERALL 
INTERPRETATION OF INDICATORS 

One of the long-term goals for developing social Indlca- 
tors 1s to use them as a framework for lnterpretlng the condo- 
txon and dIrectIon of soclety. WIthout the advantages of 
well-establxshed theories or models, however, general Inter- 
pretatlons about socxety are dxfflcult. When many diverse 
models are used to formulate theories about social phenomena, 
they ~111 yield a variety of data lnterpretatlons. DlVerSlty 
and variety have values because they reveal agreement and con- 
fllct as to lndlcator meanings. Where consensus 1s shown to 
exist, the Interpretations are useful for making policy decl- 
slons. But when conflict I.S apparent, the lnterpretatlons of 
the data should L)e applied with caution untjl greater under- 
standlng I.S achxeved. 

On the other hand, If data are collected for only one 
model, the scope of the social concept being modeled I.S likely 
to be too llmlted. Even 1.f the lndlcators are valid (because 
the data f1.t the concept), they ~~11 probably be too narrow to 
provide lnterpretatlons that are neanlngful for policy forma- 
tlon. 

For general Interpretation, an expllclt model (or models) 
has several advantages: 

1. 

2. 

3. 

It spells out the llmJ.tatlons of both the lnltlal 
selectIon of concepts and the lnterpretatlons of 
the lndxcators. 

It helps improve and develop more comprehensive 
theories uy revealing where current models are 
strong and where they are weak. L/ 

It provides a framework for "welghtlng" certain 
J.ndJcators, I.e., Judglny their relative sl_qnI.fl- 
cance. 

L/de Neufvllle, op. cit., p 65. For relevant dlscusslon on 
the lmportanceof first deflnlng concepts see also The 
Quality of Life Concept A Potential New Tool for DecI.slon- 
makers, Envlronmental Studies Dlvlslon, Environmental Pro- 
tectlon Agency, (1972), pp. l-35; social IndJ.cators 1973, A 
Review SymposI.um, R. A. Van Dusen, ed., Social Science Re- 
search Council Publlcatlon, (1974), and especially Kaplan, 
OJ. cl.t., chapters II and V. 

10 



4. It helps reveal those lndlcators that have cross- 
model "weight." Such lndlcators are esseXlt,lal to 
any comprehensive model and are sultable candidates 
for general acceptance and lnstltutlonallzatlon. 

Basically, then, the central point 1s that models, wheth- 
er lrnpllclt or expllclt, guide the selection of both measures 
and concepts. An effort to derive a model or theory opera- 
tlonally 1s an attempt co dVOld or circumvent this fact. L/ 

Ideally, the design and construction of lndlcators beglns 
with an expllclt recognltlon of both the purpose of the Indl- 
caters (why, how, and where they are needed) and the choice of 
model or models. Following recognltlon and choice, lnltlal 
concepts are chosen and loosely defined before the actual 
measures are sought. Flnally, after data are collected and 
formed Into lndlcators, the concepts are reviewed and their 
deflnltlons are refined along with their undcrlyz.ng zssbmp- 
tlons. Over time, measures, concepts, and models are contlnu- 
ally reevaluated to Improve the lndlcators. 

This theoretlcal process of constructing lndlcators ap- 
pears preferable. However, In reality, the large and contlnu- 
ally growing reservoir of usable data that has been collected 
for purposes other than for the design of speclflc lndlcators 
~1.11 probably be used when lndlcators are formulated. Indeed, 
1-t would be wasteful to recollect any of It. Consequently, 
there ~~11 be an Initial tendency towards using these data-- 
I.e., towards operational Indicators--"because It's there." 
This type of data collection ~111 incorporate an unplanned, 
rmpllclt model(s). If this 1s not recognzed along with the 
underlying llmltatlons (I.e., what the model does not cover), 
the perspective on what future types of measures might be 

A/As Dr. deNeufvllle has stated: 

"It 1s only self-deception to think that by not 
maklng the choices explicitly we are somehow being 
objective. We are simply replaclng our Judgment 
with chance or someone else's judgment. The cir- 
cularlty is ultimately unavoidable In all analysis. 
It need not be a closed system, however, where we 
do not let reality and new facts alter our choice 
of methods and models for the next Iteration. 
The circular process can be an evolutionary one 
as we test measures and models against experience 
and try to alter each with the ald of the other." 
0~. cit., pp. 125-26. 
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added can oecome narrowed. Basing the attempt to construct 
lndlcators solely on already collected data ~1.11 likely lead 
to an overrellance on operatlonallsm. 

The dlsadvantayes of operational lndlcators can be over- 
come, however, by recoynlzlng the Impl1cltness of the model 
and by fIndIng and evaluating the assumptions underlylng the 
lndlcators. In selecting data, lt 1s often necessary to com- 
promise between data that would make the most valid and sly- 
nlflcant lndlcators and the data tnat are accessible. 

EVALUATION OF INDICATORS 

There are several main crrterla for qualltatlvely deter- 
mlnlng tne valldlty of lndlcators: 

1. In view of what 1s known about the phenomenon being 
measured, how lImIted 1s the deflnltlon of I.tT 

a. Is there a deflnltlon at all, even a loose one, 
or 1s the reader left to define the phenomenon 
only In terms of the measures presented? If 
there 1s no deflnltlon, the reader I.S being 
asked to accept the lndlcator on faith. 

b. Are the dssumptlons of the deflnltlon too narrow 
or arbitrary? 

2. Does the measure behave sl.mllarly to the phenomenon 
It I.S Intended to explain? If the phenomenon changes 
(e.y., Increases or decreases), how well does the 
measure reflect this? Some measures which look at 
only yross changes ~~11 miss detaIled shifts, some 
of wnlch may be hlyhly slgnI.fXcant. 

3. Does the measure uehave In tne same way as other In- 
dlcators of tne same or closely related phenomena? 

a. If a phenomenon 1s well-measured, different meas- 
ures which ube Independent types of data ~111 be- 
have J.n the same wdy. When only Interdependent 
measures dre used, they WI.11 all naturally show 
the same or slmllar trends, and thus oe no better 
tnan a slnyle measure. 

b. If several measures are comolned Into d single 
1nc3ex, they should be well-related to each 
other (and thus sensltlve to changes In the 
phenomenon) . 
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Each of these crlterla need to be addressed In any 
evaluation of Indicators. As a general note of caution, when 
the concept 1s very broad (e.g., "level of actlvlty" of scl- 
entlflc research), It might be more profltable to consider the 
concept as a part of overall Interpretation. Instead of being 
measured directly, and often incompletely, such concepts could 
be better covered by a number of more speclflc lndlcators with 
narrower concepts. 

OTHER RELEVANT BACKGROUND READING 

0 Etzlonl, A., and E. W. Lehman, "Some Dangers In IValId' 
Social Measurement," In Gross, B., ed., 
for Amerlca's Future: 

Social Intelligence 
Explorations In Societal Problems, 

Allyn and Bacon, Boston, 1969. 

0 Tropman, J. E., "The Social Meaning of Social Indicators," 
Social Indicators Research, vol. 3, no. 3 & 4, December 
1976. 

o de Neufvllle, p. 125. See also dlscusslon In 9. cit. 
Kaplan, Chapter II; -. cit. Kuhn, Chapters 2 and 3; and 
Blalock, H. M., Jr., and A. B. Blalock, eds., Methodology 
In Social Research, McGraw HI11, New York, 1968. 

0 Blalock, H. M., Jr., ed., Measurement In the Social Scl- 
ences: Theories and Strategies, Aldlne, Chlcago, 1974. 
(Chapter II 1s especially relevant.) 

0 AICPA, Social Measurement: Points of View, 1972. 

0 Gehrman, F., "'Valid' Emplrlcal Measurement," Social Indl- 
caters Research, vol. 5, no. 1, January 1978. 

0 Fox, K., SOClal Indicators and Social Theory, Wiley, New 
York, 1974. 
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CHAPTER 3 

CRITIQUE OF SCIENCE INDICATORS 1976 

NSF has sought to Improve the quality of Its science In- 
dlcators by supporting two Social Science Research Council 
(SSRC) conferences (1974 and 1978) 1/ that speclflcally ad- 
dressed S172 and S176. Tnese conferences have stimulated the 
academic community to conduct research In this area. NSF has 
also conducted a valuable internal review (completed In Octo- 
ber 1977), which both evaluated S176 by chapter and suggested 
new Indicators. In addltlon, the SI staff has contracted for 
studies to develop lndlcators In selected areas. We were told 
that more money IS now available for these contracts. 

Our analysis of S176 I.S based In part on comments, sug- 
gested improvements, and proposed alternative lndlcators found 
In relevant literature, IntervIews, and the efforts mentloned 
above. We also draw from the crlterla dlscussed In chapter 2 
and the statements of purpose for the SI series. Different 
versions of this purpose are contaInedIn relevant leglslatlon 
and written and oral statements by Board members and other NSF 
personnel (see appendix I). 

SPECIFIC DIFFICULTIES IN 
MEASURING SCIENCE AND TECHNOLOGY 

DevelopI.ng a series of comprehensive, successful, and ac- 
ceptable lndlcators of science and technoloyy 1s a formidable 
task. The sclentJ.flc enterprise 1s very complex. It I.S decen- 
trallzed and, In general, poorly understood. This creates nu- 
merous dlfflcultles that hamper declslons about how to select 
the most Important aspects to measure. 

Sclentlflc work and advance are not separate from society, 
but are part of It and Interact with other social forces In 
complicated and diffuse ways. The effects of this InteractIon 
are economic, mllltary, polltlcal, and influence such things 
as education, communlcatlon, transportation, health, and even 
the Indlvldual's view of oath the world and hlmself. By the 
same token, nonsclentlflc developments strongly Influence the 

L/Papers from the 1974 conference have been collected and re- 
cently publlshed In the book Towards A Metric of Science: 
The Advent of bclence Indicators, R.K. Merton, et al, eds., 
(New York, 1978). At the time of this wrltlng, no such book 
yet represents the papers presented at the later meeting. A 
number of these ~1-11 be lIsted speclflcally. 
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state of sclentlflc work and progress. It I.S thus dlfflcult 
to find where the borders of the sclentlfrc enterprise end and 
other social forces begIn. It I.S no less dlfflcult to decide 
what I.S meant oy the "state" of science and technology, since 
science and technology are tied In SLLCXI a compl,& tvay to non- 
sclent3.flc Influences. 

The effects of science and technology are both short- 
term, as In the case of tangible products or dally processes 
dependent on technology (e.g., communlcatlon), and long-term, 
as expressed by changing views about the world. Short-term 
trends are generally easier to measure. They are often ex- 
pressed In famlllar terms such as expenditures, number of pub- 
llcatlons, and the llke. It 1s the long-range trends, how- 
ever, that are usually the least understood--partlcula;ly 
those dealing with "strengths and weaknesses." In effect, the 
lack of knowledge about the social context of sclentlflc work 
affects what type of lndlcators are chosen. It 1s not sur- 
prlslng that many lndlcators of science and technology use 
economic data (I.e., resources and tangible results) because 
there I.S a more estaollshed framework for understandlng 
changes In these data. 

The long-term peyspectlve 1s central to uoth science and 
technology, particularly for research. For technological In- 
novatlon, there are natural lag times between the time that 
resources are put into research and the time that any Innova- 
tlons may result. These lag times vary considerably, even 
wIthIn a single sclentlflc field. Very often, speclflc meas- 
urements of "return on Investment" 
possible. 

In research are simply not 
It 1s tne ever present potential of research to re- 

veal applicable knowledge that 1s crucial. No simple cause 
and effect connectlon exists between research and trchnologl- 
cal advance. Consequently, desires for short-term measures of 
a researcher's ablllty to "produce" are often characterized by 
frustration or mlsleadlng slmpllflcatlon. 

The decentralized nature of science and technology In the 
United States makes the development of broad comparative meas- 
ures dlfflcult and tenuous. There 1s a multlplxclty of both 
sponsors and performers of science and technology whose goals 
and yeneral vlewpolnts vary conslderably. Furthermore, the 
sponsorshIp and performance are largely autonomous wlthln each 
of tne three major sectors. 
demla. 

Government, Industry, and aca- 
Single dlsclpllnes In academic research are charac- 

terlzed by lndlvldual professional socletles and organlza- 
tlons, Journals, and jargon. A consequence of this plurality 
1s conflict about what the rnost Important characterlstlcs of 
science dnd technology are and thus about measurement of them. 
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Another problem 1s the dlfflculty In dlstlngulshlng be- 
tween science and technology. These two actlvltles are dlf- 
ferent In scope, methodology, source of support, and profes- 
slonal socletles. However, the border between them has grown 
lncreaslngly fuzzy In recent decades as englneerlng lnvestlga- 
tlons have involved a greater component of basic science. 
Consequently, while certain measures are appropriate for both 
science and technology (especially In the area of: resources), 
the need for different types of measures remains strong. 

The current state of science and technology In the UnIted 
States (and In much of the western world) 1s characterized by 
slgnlflcant controversy. Many tradltlonal conceptions about 
science and technology, their goals, benefits, and context of 
operation have been recently challenged, and even reJected. A/ 
Previous notlons, which saw science as an autonomous, self- 
accountable actlvlty whose advances lead naturally to benefits 
for society, are being crltlclzed by certain Interest groups, 
academlclans, Government off1clals, and even sclentlsts them- 
selves. Recent academic work has Introduced and supported 
Ideas that conflict with those held by many, perhaps most, 
sclentlsts. 2/ Furthermore, tne strong Federal support that 
exlsted during the early and mid-1960s gave way rather sud- 
denly to one of llmlted (even decllnlng--until recently) re- 
sources and a concomitant Increased emphasis on accounta- 
blllty. As d consequence, agreement 1s lacking about the 
nature, purpose, actlvlty, and social context of science and 
technology. Tnls lack of agreement has encouraged a dlverslty 
of partially overlapprng but often confllctlny vlewpolnts. In 
this light, both the purpose for measuring science and tech- 
noWwI and the model or models behlnd the selectlon of meas- 
ures, can vary conslderably. Such variety 1s displayed In the 
range of oplnlon offered by the partlclpants In the recent 
conference on Science Indicators, 1976, sponsored by SSRC (1Vay 
1978). 

A final dlfflculty In developing successful measures 1s 
the consistent vagueness and evaluative nature of many of the 
terms used to discuss measurement. A few of these terms, most 

A/See, for example, D. Nelkln, "Changing Images of Science," 
Newsletter on Pulollc Conce$tlons of Science, Harvard, #14, 
January 1976, pp. 21-31. 

A/See dlscusslon by G. Holton In "LJmits of Sclent1flc In- 
query,' Daedalus, Spring 1978, pp. 227-234. 
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notably "health" (of science and technology) have enJoyed al- 
most unyuestloned use. Good "health" 1s a metaphorical stand- 
ard, one which must be Interpreted. 1/ While the health of a 
human being 1s generally well-defInea and understood, for scl- 
ence and technology there I.S no standard or accepted deflnl- 
tlon of a healthy state, or even agreement If such a state 
exists. Our analogy supposes there 1s enough knowledge and 
lnformatlon on the physiology of science and technology to 
make a modern dlagnosls. In fact, the level of knowledge 
about the sclentlflc enterprise 1s more analogous to that of 
a 19th century country doctor than to a modern physlclan's. 
SubJectlve terms may be useful In gleaning lnltlal InsIghts 
about what type of evaluation might be desirable, but, If used 
continually, they obscure speclflc, useful Information. This 
kind of terminology also encourages numerous, often opposing, 
Interpretations. 

Other frequently heard terms such as "vlablllty," "vital- 
Ity," and "capacity" also suffer from overgenerallty and Im- 
pllclt evaluation. When are science and technology "viable," 
or of high "capacrty" and "vJ.tallty"3 Answers to these ques- 
tlons are Inescapably fraught with the respondent's Judgment, 
and hence add to the confusion about science and technology. 
It would be at least of some benefit If nonevaluatlve terms 
such as the "state" or "condltlon and dlrectlon" (of science 
and technology) were used. 

Despite the maJor dlfflcultles facing the SI effort, 
there I.S a considerable amount of knowledge aboz science and 
technology, as well as a large body of data on some of the 
slgnlflcant aspects of Indicators. This dlscusslon 1s meant 
to provide an overall 'state-of-the-art" back-drop, which em- 
phaslzes both the problems In developing science and tech- 
nology lndlcators, and the need for continued experlmentatlon 
In this development. 

STATED PURPOSES OF 
SCIENCE INDICATORS 

Certain conflicts were noted among the different state- 
ments of purpose for SI. 
and full dlscusslon.)- 

(See appendix I for list of these 
Some of these are lndlcatlve of changes 

In perspective with time and experience. However, we have 

L/D. Hornlg, The Health of the Sclentlflc and Technical Enter- 
prose: An Advisory Panel Report to the Offlce of Technology 
Assessment, 1978. 
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found several basic ObJeCtlVeS common to the different state- 
ments. We have dIstIlled these common obJect1ves into a 
single purpose: SI I.S to quantify as many of the dlmenslons 
of science and technology as I.S feasible, with a view towards 
ldentlfylng slgnlflcant trends and developments, lnterpretlny 
possible causal relatlonshlps between them, and analyzsng 
their possible meaning for the condltlon and dIrectIon of scl- 
ence and technology In the UnIted States. 

PROBLEMS WITH THE MODELS OF SCIENCE 
AND TECHNOLOGY INFERRED FROM S176 

In evaluating a group of measures, It 1s important to 
understand the characterlstlcs, assumptions, and thus llmlta- 
tlons, of the model(s) (expressed or ImplIed) which hdve Inad- 
vertently directed the selectlon of data. The most serious 
yeneral problem with SI appears to be Its de facto view or 
model of science and Gchnology. 

In examlnlng a list of orlylnal "lndlcators" proposed by 
NSB In 1371, one can discern the model that I.S Impllcltly em- 
phaslzed In the SI reports. The measures were first conceived 
In a long list, ZJ later partltloned into categories such as 
"Sclentlflc Output," "Actlvlty," "Science Education," and 
"Manpower." The following 1s a sample of the orlglnal meas- 
ures: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Number of papers In top quality, refereed Journals. 

Ratlo of basic research funds to total R&D. 

Federal support of total research by field of SCI- 
ence. 

MaJOr new frontiers of science opened up during a 
speclflc year. 

Utlllty of knowledye. 

Ratlo of applied research funds to total R&D. 

Ratlo of development funds to total R&D. 

Federal basic research dollars 13~ field. 

DlstrlbutJ.on of new Daccalaureates, masters, and 
doctorates uy field. 

Number of science and engIneerIn degrees as a per- 
cent of total degrees. 
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11. Relatlonshlp of U.S. R&D/GNP to GNP/capita among 
various nations. 

12. R&D sclentlsts and engineers per 10,000 population 
in different countries. 

At the time these measures were selected, most of the 
data already exlsted "In hand" for NSB, l.e., wlthln the Fed- 
eral Government, particularly In NSF's Dlvlslon of Science Re- 
sources Studies. With few exceptlons (the fourth and fifth), 
these are measures wlthout concepts and represent an opera- 
tlonal attempt at constructing Indicators. 

Though this de facto model overslmplJ.fles science and 
technology, At 1s the support-service view that Government 
naturally takes. It can be very broad, as In the past, when 
It was assumed that "what 1s good for science I.S good for the 
country." 

The problem with the version of S176 1s that It 1s too 
constricted by an Input-output framework. In th1.s approach, 
science and technology are seen as resources which go Into, 
and tanglole results which come out of, a "black box." In- 
herent In thus model are the following assumptions: 

1. 

2. 

3. 

4. 

Science and technology are prlmarlly to serve social 
(l.e., national) goals. I/ 

The states of science and technology can be described 
prlmarlly In terms of what 1s being added each year 
to the overall uase of expertise, without sufflclent 
reference to the accumulated base. 

Science and technology exist In a social context and 
have minor self-regulating aspects. g/ 

Science and technology can be measured In terms of 
resources (such as funding and "stocks" of personnel) 
and a few tanglule results such as lnnovatlons and 
publlshed papers. The process Involved An doing scl- 
ence and technology are not Lmportant. 

A/M. Kochen, "Models of Sclentlflc Output," In Towards A 
Metric of Science, pp. 97-139. See also R. McGlnnls, Scl- 
ence Indicators 1976: A Crltlque, In press (Social Indlca- 
tors Research). 

A/G. Holton, 'Can Science Be Measured?", In Towards A Metric 
of Science, p. 56. 
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5. 

6. 

7. 

8. 

9. 

10. 

Money drives the system; more money, more "output."l/ 

Science and technology advance incrementally with no 
"sudden" changes. 

bclence and technology are related by cause and ef- 
fects. 2/ 

Unlverslty research I.S the mainstay of U.S. SCI- 
ence. A/ 

Physics, chemistry, biology, and math are the most 
important sciences, and hence deserve the most com- 
plete coverage. 

Internatlonal compet3.tJon 1s of central importance 
to U.S. science and technology, more slgnlflcant 
than cooperation. 2/ 

Basically, this support service model, with Its Input-output 
stress, 1s a technological view of science--one that ignores 
the internal sociology and conceptual progress of science and 
and technoloyy and emphasizes Its economic aspects. Sclen- 
tests engaged In basic research are motivated prL.marlly by a 
search for knowledge, whether or not It has any perceived 
relevance to social needs. Furthermore, the black-box view 
(Into which a resource 1s put, and from which a result 
emerges) does not take Into account the actlvlty and process 
of 3.nvest3.gatlon. This point 1s Important, since research In- 
vestlgatlons are the core of science and crucial strengths and 
weaknesses are likely to have their roots In research. The 
Inadequacy of the Input-output approach 1s well demonstrated 
In S176: Input lndlcators of research actlvlty In SI reveal a 
substantial decline since 1968 (funds for basic research de- 
creased after 1968), while output lndlcators of reseclrch ac- 
tlvlty display an unbroken Increase (number of overall publl- 
catlons has grown). Examlnatlon of the process of research 
1s necessary to accurately ldentlfy blocks that would hinder 
the advancement of science. 

1/McGInnI.s, 9. cit. 

z/J. D. Holmfeld, "Science Iqdlcators and Other Indicators 
Some User Observations." Paper presented at the annual 
meeting of the Society for Social Study of Science held at 
IndIana Unlverslty, Bloomington, Indlana, November 5, 1978. 

/Holmfeld, op. cit. -- 
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Another Important part excluded by the Input-output model 
I.S the socloloyy of the sclentlflc process. Though science 
and technology are subsets of the larger social context, they 
also operate Independently of It. The cohort and competltlve 
aspect to research, the transfer of lnformatlon, and the work- 
lngs of professional soclet3.es, are Important parts of how 
sclentlflc work 1s organized and conducted. Another central 
aspect of this sociology 1s the "flow" of personnel, l.e., 
shifts between fields, In and out of sclentlflc work, and 
cross-natlonally. It 1s more Important to know where and how 
sclentlsts and engineers are employed, rather than the fact 
that they are. These aspects of the sclentlflc enterprise are 
covered partially by the support service model, but only as 

'I* * * pale reflectlons of the social structures, 
such as authority and reward, and processes, such as 
moblllty and aging... that soclologlsts of science In- 
slst are fundamental to any real understandlng of how 
the system of science operates." L/ 

In general, the input-output model views those who perform 
sclentlflc work as resources, like dollar allocations, and 
gives minor treatment to the Internal relatIonshIps that char- 
acterlze tne process of tnls work. For ldentlflcatlon of 
"strengths and weaknesses," this model 1s consequently lnade- 
yuate. 

By Its narrow focus, the Input-output framework used In 
SI leaves out both the knowledge base and the maJor advances 
In science and technology. Science I.S a maJor branch of 
knowledge; any view which would describe Its state wlthout 
examlnlng Its knowledge base and advances 1s deflclent. Such 
lnformatlon 1s needed If one 1s to know where new knowledge 
might best be applied to social needs. Identlflcatlon of 
frontiers In science was orlglnally on the NSB's list of pro- 
posed lndlcators, but It has not been developed, possibly due 
to a dlfflculty 111 collectlny data. ilowever, data on this 
area do exist In the form of cltatlon analysis, a recent 
quantltatlve technique to monitor contemporary science, but 
S176 made only small use of such data. 

- 

l/lQGlnnls, op. cit. See also the following papers presented 
at the May7978 Science Indicators Conference sponsored by 
the Social Science Research Council In WashIngton, D.C.: 
C. Kuh, "Indicators of Sclent1fJ.c Manpower and Science Indl- 
caters"; J. Ben-David, "U.S. Science In Internatlonal Per- 
spectlves"; and D. Tufte, "Stat3.stlcal Issues In Science In- 
dlcators." 
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Education is another maJor aspect of science and tech- 
nology that receives llmlted treatment. The Input-output 
model 1s concerned almost entirely with how many personnel 
work In science and technology. It views education as a plo- 
ducer of degrees that leads to renewed resources for science 
and tecnnology. As such, only tne educated are examined, and 
the focus is again on employment. Tne process of how science 
1s taught, what 1s taught, and what 1s happening in preunlver- 
slty and unlverslty tralnlng in the sciences 1s not covered. 
Thus, if problems are developing ln the training of new scien- 
t1sts, the underlylng framework of SI would not reveal them. - 

SI76's concentration on resources, especially expendi- 
tures, emphasizes the "hard" sciences. Since these fields are 
the most capital-intensive, they receive the most complete 
coverage and appear to be the most Important of the sciences. 
Measures of the social sciences, environmental sciences, and 
englneerlng sciences are rarely field speclflc. The sciences 
are thus viewed In terms of their economic, not scientlflc, 
importance. This points up a critical way In which the model 
undercuts itself: by llmltlng lndlcators to largely nonsclen- 
tlfic information, the model prevents perception of where scl- 
ences can best benefit society. 

In general, It 1s the input-output framework that concen- 
trates the model on economic resource data. To conflne the 
"policy purpose" of lndlcators to measuring only "tne re- 
sources allocated to the sclentlflc enterprise or the fulflll- 
ment of Its goals" as NSB does, is useful for some lnstltu- 
tlonal aspects of science and tecnnology, particularly those 
which are lndustrlal and mlsslon oriented. dowever, for sci- 
ence and much of technology, results are not material and can- 
not be treated In the same way as economic outputs. As R.B. 
Freeman states: "It 1s far from clear what we mean by output 
in this context." 1/ These terms (input and output) are in- 
sufflclent when applied to research, for it is tne process of 
research that must be examined to reveal problerus, strengths, 
and needs. 

L/R. B. Freeman, "Tne Impact of Science (R&D) on the Economy," 
paper presented at the mentione3 itlay 1978 Conference on Sci- 
ence Indicators. A. alderman has also criticized the input- 
output framework for social Indicators as the Ir* * * domlna- 
tlon of social data by the assunptlons of liberal econo?Ilcs 
* * *'I; and tnat, in Jeneral, I'* * * tne dlstlnctlon bettieen 
Input and output 1s rather artificial * * *." In Social In- 
dicators 1973. A Review Symposlun, R A. von Dusen, ed., 
Social Science Research Council, 1974. 
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The terms "input" and "output" confuse the development of 
Indicators by acting as substitutes for concepts of social 
phenomena. At the present early stage In the development of 
science lndlcators, all outputs are consldered to be slgnlfl- 
cant. This I.S an expresslon of the operatlonal approach-- 
I.e., data are collected on the basis of their presumed Im- 
portance. However, we belleve that certain Important concepts 
can be ldentlfled and measured. A few of these have been de- 
rived from the collection of data on ldentlfled research out- 
puts, but the search for the "outputs" of science and tech- 
nology can draw attention away from flndlng the Important con- 
cepts (e.g., frontiers In science and technology, moblllty of 
personnel). The NSF Internal review made an important point 
In this connection: the acknowledged enthusiasm for output 
lndlcators should not lead to their use beyond the state-of- 
the-art. 

A flnal mayor problem with the model In SI I.S that It de- 
velops, to a large extent, the same lndlcatorsfor science as 
for technology. This comblnlng of science and technology 
leads to overaggregatlon of the data and has prevented the 
perceptlon of where there might be important trends. Because 
of this comblnlng of science and technology, the reader 1s 
ylven only an overall notion as to whether the entlre sclen- 
tlf1.c system I.S strong or weak. 

These are the maJor llmltatlons In the Impllclt model 
which has been central In the SI effort. After three Itera- 
tlons, there has been only slight overall broadening of per- 
spectlve and only little apparent change planned for the next. 
In order to Interpret causal relations and analyze their pos- 
sable meanlnys, more effort should be placed on relating the 
lndlcators to underlying theories. Statements In the Intro- 
ductlon to S176 acknowledye the need for "* * * an expllclt 
model of the research enterprise, both In Itself and In rela- 
tlon to the rest of society * * *II but note that exlstlng 
models are consldered inadequate to meet the need. 

In our view, there I.S a deflnlte need for lncorporatlng 
new models of science and technology Into SI, for If the 
Input-output model remains dominant, the lnformatlon which 
SI offers ~111 be too restricted to comprehensively assess 
science and technology. 

GENERAL LIMITATIONS AND 
PROBLEMS WITH INDICATORS 

From S172 to SI76, proyress has been made In both the ad- 
dltlon of topics covered and In the number and types of Indlca- 
tors used. The authors of S176 are clearly aware of the llml- 
tatIons In the general Interpretations which can be derived 
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from the data presented. Throughout the text, they present 
Important caveats that apply both to the data and to the use 
to which the data can be put. However, they do not address 
the conceptual llmltatlons of tne lndlcators. 

The most evident of these llmltatlons I.S that very broad, 
undefined concepts such as "level of actlvlty" or "extent of 
effort" have been applied to a narrow range of measures. To 
adequately measure such concepts, one must have data on nearly 
every major aspect of science and technology--research, educa- 
tlon, lnventlon and lnnovatlon, and personnel. S176 uses ex- 
pendltures In oaslc research and numbers of publlcatlons as 
lndlcators of basic research "actI.vlty." The assumptions un- 
derlylny each measure equate spending with work (l.e., 55 per- 
cent of the basic research work done In unlversltles means 55 
percent of the money for basic research 1s spent by unlversl- 
ties l/), and publlcatlons with the amount of research. In- 
creases In uoth of these would thus lndlcate a more active re- 
search community, while decreases would mean less work I.S be- 
3.ng done. However, S176 shows that while expenditures have 
decreased, the number of publlcatlons has continually In- 
creased. Thus, the measures are too narrow to cover the con- 
cept of basic research actlvlty. 

On the other hand, the report ylves a more speclflc con- 
cept to expenditures: when examined on the level of sectors 
over time, expenditures are said to measure Federal or lndus- 
tr3.al "prJ.orltJ.es for research." Here, the measure has more 
meaning because the concept 1s defined more precisely. 

A related problem I.S that several concepts of dlfferlny 
scope are applied to a single type of measure. Federal ex- 
pendltures for general and speclflc dress In science and tech- 
noloyy are said to lndlcate "extent of effort," "level of ac- 
tlvlty," "health of U.S. R&D effort," and "natlonal prlorltles 
In the area of science and technoloyy." Thus, one measure 1s 
asslgned four concepts, the first three of which are vague and 
highly complex, wnlle the last one 1s speclflc and meaningful. 
Th1.s I.S also tne case where SI uses the number of sclentlsts 
and enylneers as lndlcators of "depth dnd dlrectlon of a coun- 
try's R&D effort," tne "magnitude" of such effort, and of "em- 
ployment" and "unemployment." Only the last concept I.S spe- 
clflc enouyh to have any meaning. Asslynlng multiple concepts 
to a single measure confuses the meaning of that measure. SI 
could beneilt from using, to tne extent possible, single, spe- 
clflc concepts for each separate measure. 

l/bee Science Indicators, 1976, p. 75. 
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Another general problem with the lndlcators has already 
been alluded to* the predominance of two interrelated types 
of data-- expenditures and personnel. Since these two basic 
trends show an overall decline since the late 196Os, the gen- 
eral lndlcatlon of science and technology I.S continually 
gloomy. Furthermore, tnls predominance shows that, where SI 
concentrates on the economics of science and technology, data 
In this drea are llmlted. Indices of prices or costs of such 
things as new sclentlflc equipment are not attempted. 

From the Indicators, one notes that spending for defense 
and space has decreased slgnlflcantly since the late 196Os, 
while clvll1an R&D spending has Increased In "real" dollars. 
The sallent decline 1.n S176, repeated by so many of the 
charts, appears due to this-- particularly since the decline 
In numbers of personnel 1s shown to be closely related to 
that In expenditures. (See figures 1 and 2.) However, It 
would be a clear overslmpllflcatlon to describe the general 
state of science and technology as so deeply dependent upon 
spending for defense and space. Yet this 1s an unavoidable 
conclusion, given that the data are presumed to reflect the 
levels of "actlvlty" and "effort" In U.S. science and tech- 
nology. 

LIMITATIONS AND PROBLEMS 
vJITH SPECIFIC INDICATORS 

R&D/GNP 

One widely used measure, which 1s mlsleadlng, 1s R&D 
spending ds a fraction or percent of the gross natlonal prod- 
uct (GNP). GNP 1s a well-known, well-establlshed concept, 
used to help portray the condJ.tlon and performance of the U.S. 
economy. The R&D/GNP measure, however, 1s a nonconceptual 
adaptation of It for purposes other than those for which the 
GNP concept was deslgned and developed. A slgnlflcant amount 
of research and development money, which varies from year to 
year, 1s spent for Government purposes only. Each of these 
purposes ~111 have different effects on future economic growth 
and productlvlty yalns, depending on the nature of the re- 
search and Its affect on commercial products and services. 
The R&D/GNP Index thus combines measures that are poorly re- 
lated: overall Government R&D spending can increase or de- 
crease slgnlflcantly but future GNP might be little affected. 
Furthermore, this ratlo I.S even more questlonable for Inter- 
national comparisons. The mix of support for R&D wlth1.n yov- 
ernments ds well as between governments and private enterprise 
varies greatly amony natlons. 
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Figure 2 

Federal obhgatlons for R&D by major functton, 
1969 76 
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Constant 1972 dollar: 

Figure 1 $12 
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A more thoughtful structuring of this data has been done 
in the recently released Science and Technology Annual Report 
(STAR) r L/ which examined industry-financed R&D as a fraction 
of GNP In manufacturing (over 93 percent of R&D in industry is 
funded by manufacturers). Even though this is an index wlth- 
out a specific concept, the lndlvldual measures have a more 
direct, known connection which makes the index qore signifi- 
cant and usable. A concept such as "gross lndustrlal R&D 
product" might apply to this imeasure, since the notion of a 
"gross product" can be transferred from GdP without misleading 
dlstortlon. 

Patents 

S176 includes a section of "inventiveness" lndlcators 
which nave low validity because of the patent data base upon 
which they depend. According to Deborah Shapley, 2/ certain 
lndustrles (especially electronics) have stopped patenting 
many of their inventions because (1) during the 2-year wait to 
complete the patent-granting procedure many lnventlons can be- 
come obsolete, and (2) making inventions public can give com- 
peting firms an "edge," since only minor modlflcatlons of some 
inventions can lead to marketable improvements. As a conse- 
quence, the simple tracking of patents granted as a measure of 
"inventive output" has little validity for at least one of the 
most inventive industries. The degree to which this is true 
for other mayor lndustrles is uncertain. If this indicator is 
continued, it must be used with considerable caution. As a 
ineasure of general Industrial "inventiveness," lt 1s not 
valid. 

For international comparisons, S176 uses a "patent bal- 
ance" idea which appears to be too specific to be used as a 
malor indicator because it only looks at a nation's patenting 
in foreign nations. The balance 1s defined as II* * * the num- 
ber of patents granted to U.S. nationals by foreign countries 
minus the number of patents granted to foreign nationals by 
the U.S." By this definition, foreign countries are patent- 
ing increasingly more In tne united States than the United 

JJSclence and Technology: Annual Report to the Congress, 
National Science Foundation, with assistance from the Office 
of Science and Technology Policy, August 1978. See table 
5-2, p. 73. 

2/D. Shapley, 'Electronics Industry Takes to 'Potting' Its 
Products for Aarket," Science, November 24, 1978, pp. 848- 
49. 
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States 1s abroad. If, Instead, one examines the change In do- 
mestlc patent applI.catlons of eacn country, as In the STAR, 
one finds that only Japan has contI.nually Increased Its pat- 
entlng from the late 1960s to 1975, and that the United States 
1s not falling behlnd otner western lndustrlal nations. Exam- 
lnatlon of the percent decline In patenting for each country 
relative to Its peak year (which varies among natlons) snows 
the following: U.S. decline, 15.42 percent; U.K. decline, 
21.9 percent; blest Germany decline, 20.84 percent; France de- 
clone, 21.05 percent. Furthermore, when seen In llyht of the 
IncreasIng dlslncentlves for patenting, this decline In "rela- 
tlve Inventiveness" 1s even more dubious. The "patent bal- 
ance" concept thus appears lnsufflcl.ent for InternatIonal com- 
parlsons, since It 1s centered completely on the United 
States. Examlnlng domestic patenting for each nation has a 
broader base, each country belny vlewed on Its own terms. 

International comparison of I 
Government R&D expenditures I 

One particularly mJ.slsadlng lndlcator used In S176 I.S the I 
"Estimated Dlstrlbutlon of Government R&D Expenditures Among I 
Selected Areas by Country." The data dIsplayed In figure 3 
shows that the U.S. Government spends the least In tne area of I 

"Advancement of Knowledge," while Japan whose total R&D em- I 
phases IS well known to tie on development, spends the most. A/ ' 
Tne crucial assumption underlylng the structuring of the data 1 
I.S that tne cateyorles for expenditures (eneryy, health, I 
space, defense, etc.) apply equally to all the countries I 
examined. The Organlzatlon for Economic Cooperdtlon and De- l 
velopment (OECD) which collected the data accepts the deflnl- I 
tlons and stated purposes of the cognizant governments without I 
much further analysis, I.e., If money 1s budgeted for R&D uy a 
mllltary agency, that money 1s spent for mllltary R&D only. 

I 

Since the U.S. Government dllocates a large part of Its I 
research expenditures to these tllsslon-type categories, much I 

I 

L/See, for example, puullcatlons of tne Japanese government: 
OutlIne of the White Paper on Science and Technoloyy - Aimed 
at MakIng Technological Innovations In Social Development, 
Science and Technology Ayency of Japan, ForelJn Press Cen- 
ter, January 1377; jclence and Technology Agency: An Out- 
line for 1977-1978, Science and Technology Ayency, Prime 
Mln1ster's Offlce, Tokyo, ,Japan; and 1976 Report on the Sur- 
vey of R&D 1.11 Japan, Bureau of Statlstlcs, OffIce of the 
Prime Mlnlster, Japan. 
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Figure 3 

Estimated dlstrlbutlon of Government R&D expenditures among selected areas’ by country 1961 75 

Canada’ (Percent) Japan France (Percent) 

0 IO 20 30 40 50 60 70 

(Percent) 

cl IO 20 30 40 50 60 : 

Nattonal 
defense 

Space 

Economic 
development 

Health 

Commumty 3 
ser”Ices 

b 

Advancement 
of knowledge 

United Kingdom 

0 IO 20 30 40 50 60 7 

Natmnal 

defense 

Space 

Energy 

productlon 

Economic 

development 

Health 

Commumty 
serwces 

Advancement 

of knowledge 

West Germany (Percent) 

NA b 
NA b 
NA $ 

0 IO 20 30 40 50 60 70 

0 IO 20 30 40 50 60 70 I 

Q 197475 

United States’ 

0 IO 20 30 40 50 60 70 I 
I I , 1 , , , , 

1961 62 

1971 72 

a 1974 75 

’ Function categories are not the same as those of Appendlx Table 2 11 e g 
Advancement of knowledge does not equal Science and technology base 

’ Advancement of knowledge doer not Include general unwersny funds 

3 Less than 0 5 percent 

NA=not avaIlable 

Source Scwnce lndlcators 1976 

29 



of the money that 1s spent on research by mlsslon agencies 
does not show up under "Advancement of Knowledge." Moreover, 
where a large part of U.S. research and development 1s spon- 
sored uy the Government, Japan's lndustrles fund and perform 
the great majority of this work. Consequently, the lndlcator 
I.S mlsleadlng. tie belleve that future SI reports would bene- 
f1.t KIY either dlscardlng this lndlcator<r recategorlzlng tne 
expenditures In a way that more precisely reveals the differ- 
ent prlorltles characterlstl.c of different natlons. 

Innovdtlon 

SI76’s lndlcators of technologI.cal lnnovatlon reveal some 
important lnformatlon auout the processes Involved. The data 
for these Indicators are based on a 1976 report done by Gell- 
man Researcn AssocJ.ates (Indicators of Internatlonal Trends In 
TechnologI.cal Innovation) for NSF In which a panel selected 
500 lnnovatlons for study. A number of underlylng assumptions 
and llmltatlons need to be mentloned. For Instance, the 
orlylnal selection of the lnnovatlons was based on perceptlons 
of an Innovation's '* * * technological consequences as well 
as Its primary and secondary Impacts In socloeconomlc and po- 
lltlcal terms." Tne maJor problem with these crlterla 1s that 
recent lnnovatlons are more likely to be chosen on their tech- 
noloylcal merits, since their social effects are as yet un- 
known, unclear, or nonexlstent. Older lnnovatlons have had 
time to reveal their social effects and ~111 probably be 
Judyed more on the stated crlterla. 

Also, determlnlng the slgnlflcance of contemporary re- 
sults from science and technology Involves maJor assumptions. 
Tnouyh the Importance of some J.nnovatJ.ons I.S known beforehand 
(e.g., the Jet enylne, the nuclear reactor), the lonyer-term 
slynlflcance of many cannot be determlned (e.g., the photo- 
copier). This caveat mlyht also be applied to determlnatlons 
of the "radicalness" of lnnovatlons, which the Gellman study 
does. The social slgnlflcance and scJ.entJfI.c radicalness of 
an lnnovatlon are important concepts, but ones which depend 
upon contemporary Judgments. Over time, Jnventlons that are 
first perceived as radlcdl may later be seen as pdrt of an 
evolution which produced even more Important Inventions. 

Trie foregoing dlscusslon relates directly to the lndlca- 
tor which attempts to measure the "dlstrJ.butlon of major U.S. 
lnnovatlons by source of technology." (See flyure 4.) The 
science underlylny a partlculdr lnnovatlon often has a lony 
nlstory behlnd It. Transistors, for example, resulted from 
the study of semlconductlng materials, which In turn was based 
on an evolution of knowledge about solld-state physics. If 
traced, tne hlstory of most lnnovatlons eventually goes back 
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Figure 4 

Dlstrlbutlon of major U S mnovatlons 
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to "basic science." The particular lmmedlate work leading to 
an lnventlon can be of several kinds, but there still often 
exists a continuum that connects the InventIon to a series of 
previous InventIons and basic advances. Thus, lt 1s very Im- 
portant to know the assumptions involved In how the "source" 
1s determlned. WIthout these, the lndlcator cannot be evalu- 
ated and thus cannot be trusted. 

Blbllometrlc data 

Data which focuses on research publlcatlons appears to 
have a good chance for uncovering lnformatlon about the pro- 
cess of sclentlflc work. Due to Its potential and underutlll- 
zatlon In the b1 reports released so far, a brief review of 
this controverzal subject follows. 

Blbllometrlcs counts the number of publlcatlons In dlf- 
ferent fields over time and the number of times an article 1s 
cited In other articles (cltatlon analysis). Much controversy 
has centered on whether cltatlon analysis can serve as a valid 
measure of both research quality and quality of professional 
performance. 

Publlcatlon counts are used as a measure of 'research ac- 
tlvlty." L/ The assumption that more research produces more 
papers seems valid when applied to academic research, espe- 
clally to lndlvldual dlsclpllnes and their subflelds "Ac- 
tlvlty," however, 1s a vague and general term that needs a 
more strlyent deflnltlon before the meaning of the measure J.S 
clear. The maJor llmltatlon here 1s that an Increase In pub- 
llcatlons does not necessarily mean a proportional increase In 
knowledge. 

Knowledge coming from research, 1ts utlllty, slgnlfl- 
cance, dnd presumed quality, 1s treated by cltatlon analysis. 
UnderlyIng cltatlon counts 1s the assumption tnat the numbers 
of cltatlons strongly correspond to the utlllzatlon and slg- 
nlflcance of an article, which In turn strongly correlates 
with the quality of the sclentlflc work. By examlnlng where 
and how cltatlons and co-cltatlons (tne cltlng of the same 

A/F. Narln, and M. Carpenter, "Science Output Indicators Based 
on Blbllometrlc Techniques." Dlscusslon notes and Informal 
lecture delivered to Science Output Indicators Seminar In 
Washlnyton, D.C., January 16, 1979. For general reference 
see also articles by: N. \IJade, "Cltatlon Analysis A New 
Tool for Science Admln1strators," Science (May 2, 1978), pp. 
429-432, and S. Aaronson, "The Footnotes of Science," 
MOSdlC, NSF, lblarch/Aprll 1975, vol. 6, no. 2. 
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pair of articles In other articles) cluster In separate 
fields, one can presumably measure how sclentlsts relate to 
each other and the speclflc and overall progress of sc1ence.l/ 
The basis for these assumptions 1s the belief that sclentlsts 
recognize both the lmmedlate and long-term slgnlflcance of 
their work at the time of, or soon after, Its publlcatlon. A 
highly cited article I.S "recognized" as both slgnlflcant and 
of high quality. 

Excellent research, however, does not always yield re- 
sults that are consldered lmmedlately slgnlflcant and thus 
highly cited. Science's last 100 years abound with cases of 
contemporary sclentlsts falling to appreciate work which later 
proved highly slgnlflcant. The lnattentlon to Mendel's work 
In genetIcs 1s only one well-known example. Moreover, areas 
of research become obsolete and papers once highly cited drop 
Into obscurity. 

Cltatlon analysis 1s characterized by several problems 
that add bias to the counting. A few of these are-- 

0 An article nay be cited frequently because of Its 
poor quality, concern with a controversial sublect, 
heurlstlc value only, or other solely controversial 
or ObJectIonable aspects. 

0 Heads of laboratorles, research teams, or advisers 
of graduate students are known to place their names 
on articles which are the work of others. 

o Authors may cite their own works or the works of 
personal friends, regardless of slgnlflcance or 
quality. 

Because of these problems, we do not think that cltatlon 
counts should be used as an lndlcator of quality. 

There are several other important caveats concerning the 
lack of quality of certain lndlcators. 

0 Apparently there I.S a greater lncentlve for for- 
eltjn authors to publish In the U.S. Journals than 
In their own. This makes InternatIonal comparl- 
sons dlfflcult. 

A/E. Garfield, M. V. Nalln, and H. Small, "Cltatlon Data as 
Science Indicators," Towards A Metric of Science, pp. 179- 
209. 
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--In many foreign lournals, edltorlal and space 
limitations allow little room for citations. 

--Language barriers and lack of communication be- 
tween communist and free-world countries lead 
to problems. For example, the Russian authors 
predominantly cite themselves. 

0 Citation analysis mainly consists of -journal arti- 
cles and does not include research publications 
such as monographs, pamphlets, books, anthologies 
of papers presented at conferences, and the like. 

Despite these caveats, this type of analysis gets at cru- 
cial aspects of science such as evaluation of frontiers and 
the ways scientists relate to each other. Actual “maps” of 
scientific change have emerged for particular areas. L/ In- 
ternational publication patterns, including “field interna- 
tionality,” “Iournal lnternatlonallty,” and “country dlstrl- 
butlon among fields” (i.e., concentration) can be outlined 
and analyzed. 

Our primary reservation with citation analysis 1s that 
some proponents outside of NSF presumed that it can be used 
to measure research quality. Besides the stated problems, 
the use of bibliometrics may draw attention away from measur- 
ing other important aspects of the research process. 

Public attitudes survey 

The chapter on public attitudes 1s an Important section 
of SI because of the increasing emphasis on the social effects 
of science and technology. The general state of knowledge and 
opinions people have about science and technology is an essen- 
tial part of any overall portrait, particularly in view of the 
growing public controversies about such SubJects as nuclear 
power, laetrile, and artificial sweeteners. Also, since the 
Congress 1s tne principal client of the SI reports, the knowl- 
edge and opinion of the electorate take G added importance. 

SI76’s series of survey questions, however, appear to 
have malor llmltatlons. The first is that only the general 
public was surveyed. A separate section, containing inter- 
views with the sclentlflc community, would have added valuable 
information. The views of scientists need to be sollclted by 
the same kind of survey as that used for the general public. 
While the questions should not be the same for each, the type 

L/E. Garfield, et al, 9. g., see especially pp. 193-201. 
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of lnformatlon should be. In this way, valuable comparisons 
can be made. 

Second! some slgnlflcant studies In the area of public 
attitudes have been done, A/ but S176 did not make adequate 
use of this avallable data. One social sclentlst working xn 
this area, Dr. Todd LaPorte, crltlclzes S176 for consistently 
"muddllny" science and technology, treating them as IndlstLn- 
gulshaule (e.g., "Deneflts from science and technology"; "DO 
science and technology do more harm than good?"; 'Do science 
and technology change things too fast, too slow, Just 
right?") 2/ HXS own research, In fact, shows that the public 
appears to perceive the effects of science as radically dlf- 
ferent than those of technology. 2 / Those whom LaPorte has 
surveyed olame Ill-effects less on science and more on tech- 
nology, and they prefer I'* * * near freedom for one and appar- 
ently Increased regulation for the other." / 

The third llmltatlon, as LaPorte points out, IS that for 
pollcymakers, treating the public as a "homogeneous mass" LS 
too slmpllstlc. He mentions that his research shows that the 
oplnlons revealed by a person's response to a questlonnalre 
often display a certain <egl'ee of Inconsistency. An example 
of this In S176 1s shown In table 6-13 (p. 176), where the ma- 
Jorlty of oplnlonated respondents (45 percent) blame science 

&/A. Etzlonl and C. Nunn, "The Public Appreclatlon of Science 
In Contemporary America," Daedalus, Summer 1974, pp. 190- 
212; T. LaPorte and I). Metlay, Tney Watch and Wonder: Pub- 
11.c Attitudes Toward Advanced Technologies, FInal Report to 
Ames Research Center, NASA, from Institute of Government 
Studies, Unlverslty of Callfornla, 1975; T. LaPorte and D. 
Metlay, "Technology Ooserved: Attitudes of a Wary Public," 
Science (April 11, 1978), pp. 121-127; and J. Miller, "Se- 
lectlve Attentiveness: A Conceptual Framework for Under- 
standlny Public Attitudes Towards Oryanlzed Science," a 
paper presented to the 1978 Annual Meeting of the Society 
for Social Study of Science, Bloomlnyton, Indiana, Novem- 
ber 4, 1978. 

/These examples are taken from the survey questlons In S176. 

/LaPorte and Metlay, They Watch and Wonder, op. cit. See 
also T. LaPorte and 13. Chlsholm, "IndlcatorsofPubllc Attl- 
tudes Toward Science and Technology: Science Indicators 
1972, 1974, 1976. A Kevlew and Prospective Reflection,' a 
paper presented at the mentioned May 1978 SSRC Conference 
on Science Indicators,, pp. 21-33. 

/LaPorte and Chlsholm, op. cit. -- 
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for I'* * * air, water, environmental pollution * * *,I' but not 
for I'* * * lnsectlcldes used the wrong way." 

In examlnlng what he calls the "potential public for 
technological polltlcs" (those more likely to participate, by 
whatever method), LaPorte found that these respondents to his 
survey had far more 

'I* * * organized, internally consistent perceptions 
of the effects of technology and * * * tended to have 
generally more favorable views of science." A/ 

A survey of groups (Ilke those ldentlfled by LaPorte) 
would add conslderable information to the overall portrait of 
public attitudes. Furthermore, for pollcymakers, lnformatlon 
on groups that are likely to be politically active would be 
especially relevant. 

Overall, SI76's survey questions seem too concerned with 
how well science and technology are thought of by the general 
public. Nearly all the questions ask for evaluations on how 
good or poor science and technology appear. The result is 
that there 1s little lnformatlon on what science and tech- 
nology mean to the public, how important it 1s to them, or 
what their level of sclentlflc knowledge 1s. 

A general problem with evaluative questions 1s that 
people's feelings about social condltlons are easily trans- 
ferred to specific responses. For example, the response in 
S176 which shows decline in the status of all professions, as 
well as of those who run malor lnstltutlons, can be attributed 
to a general disenchantment caused by inflation, the Vietnam 
War, and polltlcal scandal. The response which blames Govern- 
rnent declslonmakers for the problems resulting froin science 
and technology 1s also a probable example of evaluation trans- 
fer. SI76's use of evaluative questions allows too much un- 
certainty to enter into the survey. 

CONCLUSION 

The foregolng are examples of some malor speclflc dlffl- 
culties with S176. Basically, the malorlty result from a nar- 
row approach to developing indicators, which 1s limited by a 
restricted view of science and seems not to recognize what an 
indicator ls, or how lt "lndlcates." One of the main points 
of our crltlque of S176 1s that the need to understand the 
central role that models play, to know indicators are chosen 
and constructed (either through formulation or acceptance of 

J/LaPorte and Chlsholm, op. G., p. 18. 
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underlying assumptions that limit the relevance of the data), 
and flnally to make explicit in some way the llmltatlons both 
in the data (as has been done) and in the assumptions. Thus 
far, SI shows some significant advances in this direction, 
particularly the internal review of S176, completed in the 
fall of 1977. This review recognizes the importance of mod- 
els, and notes that selecting data solely on the basis of its 
present use is limiting. It also emphasizes that overall in- 
terpretation is needed. Furthermore, the review recommended 
that there be a more explicit rationale for presentation of 
lndlcators, and that implicit conclusions be questioned or 
explained. However, it only examined problems with the data 
itself, not with the assumptions and limitations underlying 
their use for indicators. The review also failed to examine 
many of the conceptual problems in the input-output model of 
SI. Thus, the review did not adequately address some of the 
fundamental weak points in the SI effort. - 

We believe the experimental nature of the SI attempt 
needs to be further stressed: it should be expected that de- 
veloping science and technology indicators will require the 
same gradual development that was necessary for economic lndl- 
icators. SI needs to generate new data, as well as to make 
use of as zch existing data as possible. In general, for 
science, measures of process and substance are needed, such as 
those which come from the analysis of research publications. 
For technology, economic measures and, to some extent, the 
input-output oriented view are far more appropriate, since 
material resources and results are of central importance. 

As yet, SI has developed and used new data in each re- 
port, but hasTot made adequate use of data available from 
other sources. For example, data generated in work on social 
returns from R&D has been done by Dr. Nestor Terlecky] l/ and 
Dr. Edwln Mansfield 2/ and might easily be more fully incorpo- 
rated in SI reports. Otner research in measuring science 
which SI could incorporate nas been going on in academic cir- 
cles (Zg., by Derek de Solla Price). NSF should not continue 
to exclude such relevant research in the SI series. - 

A/See, for example, N. E. Terlecky], State of Science and Re- 
search: Some New Indicators, National Planning Association, 
(February 1976). _ 

2/E. Mansfield, "Determinants of the Speed of Application of 
New Technology," in Science and Technology in-Economic 
Growth, B. R. viillaims, ed., (New York, 1973); and E. Mans- 
field, et al, "Social and Private Rates of Return from In- 
dustrial Innovation," Quarterly Journal of Economics, (May 
1977), p. 221. 
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Furthermore, a central part of the SI experiment rests 
on lnterpretatlons that can oe derived from the Indicators. 
Tne SI staff has recoynlzed that the absence of th& has been 
one of bI's greatest weaknesses, partlculdrly In view of Its 
own stated oolectlve that S178 1s deslgned to Include con- 
slderable amounts of lnterpretatlon. Such lnterpretatlon 
needs to ue Improved over time, lust as the selection and 
structurlny of the lndlcators does. Due to the recent and ex- 
perlmental nature of g, constant reevaluat'lon and change are 
necessary. This 1s the only wdy to make sure that proDlems 
and llmltatjons do not become codlfled In the series of 
reports. 
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CHAPTER 4 

SUGGESTIONS FOR IMPROVING S176 AND FOR DEVELOPING 

ALTERNATIVE INDICATORS 

This chapter offers speclflc suggestions that might Im- 
prove the SI reports. These suggestions pertain to the gen- 
eral aspects of tne report and to lndlvldual lndlcators, but 
they are not meant as a comprehensive scheme for Improvement. 
Numerous ideas for altering the report or for new types of In- 
dlcators have oeen proposed by other commentators on SI, In- 
cludlrq NSF's Internal review of SI76. 

GENERAL SUGGESTIONS 

The improvement most often suggested by other crltlcs of 
SI 1s that more overall lnterpretatlon of the lndlcators be 
zcluded. 

vile have been advised by the SI staff that S178 ~~11 con- 
taln a large amount of lnterpretatlon, some of which ~111 cen- 
ter on selected policy issues. However, too much Interpreta- 
tlon related to popular Issues could result In an overemphasis 
on the polltlcal context of science and technology. Certain 
broad, lony-standlny Issues need to be addressed before a gen- 
eral assessment of science and technology I.S possible, e.g., 
wnere tnere are particular strong or weak points, where scl- 
ence and technology are focused (I.e., which fields, which In- 
dustrles), and where they are less Intensive. 

The primary contrlbutlon of overall lnterpretatlon 1s to 
help find the general, long-term meanings of Indicators, not 
those related to topical issues which may Shift from year to 
year. Generdl lnterpretatlon 1s an elemental part of the J.m- 
provement of SI and, In our view, should not be subservient to 
snort--term conslderatlons of utlllty. 

vJe see the improvement of SI as also tied closely to Its 
experlmentdl aspect. The NSF staff should continue to expand 
and develop lndlcators-- dlscardlng those that are not valid, 
and testing new ones to see If they are sound. In this man- 
ner, YI. continually ~111 Improve Its portrait of science and 
tecnnxoyy In the United States. 

vie suggest two addItIona changes relating to the presen- 
tatlon of the d&ta. First, Jlven SI's extensive caveats con- 
cernlny the rellablllty of data, there might be some estlma- 
tlon of the uncertainty In the yrapns shown. This could take 
the form of yuantltatlve measures of confidence. becond, It 
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might be highly useful to include a summary chapter which ac- 
tually Juxtaposes many of the time-series graphs so that pos- 
sible lnterrelatlonshlps could be seen better. 

In light of the generally recognized dlfflculty involved 
with using the categories “basic research,” “applied research,” 
and “development” for expenditures In all sectors, we suggest 
a different category already in use by several Federal agen- 
cies: “science and technology base .” This label might in- 
clude research not uniquely related to any particular mlsslon 
or product family, but which contrlbutes to the general reser- 
voir of sclentlflc knowledge and emerging technology. In our 
view, this category 1s better suited for cross-sector comparl- 
sons because it 1s based on the recognltlon that sclentlflc 
and englneerlng research are lntertwlned. It is less uncer- 
tain, for example, than “basic research” 1s for industry. 
Nearly all academic research and exploratory or generic lndus- 
trial research would fall under “science and technology base.” 

The categories now used by SI appear most relevant to 
the academic sector. vJe suggest that SI explore the prefer- 
ences of industry. A recent IndustrlaFResearch Institute 
study (Definitions of Research and Development, October 1978) 
indicates that industry prefers categories defined by busl- 
ness ob-jectlves. Research includes basic and applied re- 
searcn, as well as exploratory development of emerging tech- 
nologles related to general or long-range business strategy. 
Product and process development are clearly identified with 
short-term manufacturing and market ObJeCtlVeS. The Depart- 
merit of Defense has already established a “technology base” 
research category, and it may be feasible for other agencies 
to separate expenditures similarly. 

Another improvement, mentioned In chapter 5, 1s that SI 
include more lndlcator work by otners. Dr. Nestor TerleckE, 
for example, nas developed a series of indicators concerned 
mainly with the social returns to R&D, an area only lightly 
discussed in S176. Academic researchers are also conducting 
relevant studies. For example, Dr. Derek de Solla Price’s 
graph l/ has conpared different nations’ scientlflc research 
intensity with development lntenslty by comparlng the number 
of sclentlsts per capita to kllowatt hours per capita. The 
validity of this particular lndlcator appears somewhat limited 
(kilowatt hours being a llmlted measure of development), but 

L/D. de Solla Price and S. Gursey, “So-ne statistical results 
for the numbers of authors in the States of the U.S. and the 
Nations of the world,” preface to flho 1s Publlshlng in Scl- 
ence, 1975 Annual, Phlladelphla, Pennsylvania, 1975, pp. 26- 
34 (Figure 5). 
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it adds a new dlmenslon to international comparisons. More 
recent research by Dr. Charlotte Kuh has shown that where 
there has been a decline In the hiring of mathenatlcs Ph.D.'s 
between 1973 and 1977, the decline has been highly concen- 
trated in 4-year colleges (which show a 50 percent decrease), 
while unlversrtles show only a slight change in their rate of 
hlrlng. A/ We have also been advised that Dr. Stephen Cole 
1s conducting research which examines the relatlonshlps be- 
tween age and sclentlflc "performance" or "creatlvlty" by 
syntheslzlng data on personnel and blbllometrlcs. There are 
also researchers concerned with surveying public attitudes 
towards science and technology which SI could draw on. These 
are some examples of a considerable variety of academic re- 
search concerned with measuring important aspects of science 
and technology. Some of this work could be adopted for SI. 
Since It 1s an evolving, presumably experimental effort,SI 
need not be conservative in its use of relevant data. Itap- 
pears that a slgnlflcantly broader data base for indicators 
exists than has been utlllzed by SI. We believe that such 
data should be used, at least on atrIal basis. 

ALTERNATIVE INDICATORS 

In addltlon to the general suggestions, there are many 
alternative lndlcators that aught be relevant for future SI 
reports. We have listed and briefly discussed specific ex- 
amples of these alternatlves in this section. The suggestions 
described in chapters 1 through 3 are not included here. 

1. SI should expand the use of blbllometrlc data. For 
example: 

a. Identlflcatlon of frontiers, either by co- 
citation, or by ldentlflcatlon of active fields 
and subflelds through examination of publication 
actlvlty. 2/ 

&'C. L(uh, "Indicators of Sclentlflc Manpower and Science Indl- 
caters," a paper presented at the 1978 SSRC Conference on 
S176. 

2/F. Narln and 14. Carpenter, "Science Output Indicators Based 
on Blbliometrlc Techniques," discussion notes and informal 
lecture delivered to Science Output Indicators Seminar in 
Washington, D.C., January 16, 1979. For general reference 
see also articles by N. Wade, "Citation Analysis: A New 
Tool for Science Administrators," Science, May 2, 1978, pp. 
429-432; and S. Aaronson, "The Footnotes of Science," 
Mosaic, NSF, March/April 1975, vol. 6, no. 2. 
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b. Use of "actlvlty lndlces" for various countries, 
as defined by Narln, et al. A/ Actlvlty Index = 

Percent of a country's share of world's publlca- 
trons In one field -- ----- 
Percent that field shares In total world's publl- 
catlons. 

This actlvlty index might De used to approximate 
a "slynlflcance" Index, which would lndlcate a 
country's research prlorltles. 

c. Another "slynlfI.cance" Index might De based on 
Narln's "Cross Country Cltatlon Matrix," which 
compares cltlng country with cited country for a 
certain field. Here, slgnlflcance would be de- 
fined differently than In the above example, be- 
Ing based on peer recognltlon of contrlbutlon, 
the assumptI.on being that the greater the recog- 
nlzed slgnJ.fl.cance of the wnvk, ine more Inter- 
ndtlonal cltlng It ~I.11 receive. The major llrnl- 
tatIon with this measure also involves the Incen- 
tlves behind lnternatlonal cltatlon, I.e., that 
cltlng a certain country's work ~~11 add more 
support or prestige to a certain article. How- 
ever, th1.s stlli involves recognized slgnlfl- 
cance. The diagonal of the matrix also gives 
some lndJ.catI.on of the relative degree to which 
each country cites Its own work, I.e., of Its 
publlcatI.on "Isolation." 

d. Growth In the number of Journals wlthln the past 
30 years, both In the Unlted States and other na- 
tlons, measured by numbers of both field-speclflc 
Journals and more general Journals and "news- 
letters" almed at a broad spectrum of the sclen- 
tlflcally trained, e.g., Sclentlflc American, 
Science, Science News, Mosaic, etc. These two 
maln types might be dlsaggregated to separate the 
"need" for more field-speclfI.c J.nformatlon from 
the "incentive" to Inform both sclentlsts and 
laymen about general sclentlflc Developments. 

2. Another gosslble concept to measure I.S the "growth' 
or 'contraction" of unlversI.ty science departments In 
selected flel;ls. This could be measured by trends In 
the numbers of faculty, graduate students, and non- 
faculty researchers such as research associates and 

L/F. Narln, op. cit. -- 
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post-doctoral researchers. A potentially useful 
breakdown would Involve separating faculty from 
graduate students, or constructing and tracking a 
"faculty accesslblllty ratlo" measured by 
number of faculty for each field. This ratlo might 
number of students 
help to further characterize certain differences In 
the education of new researchers. 

3. "Capital Intensity" of different fields might be 
measured by the percentage of expenditure for each 

field that goes towards equipment. 

4. An lndlcator OT "research scale" might be measured by 
a comparison 1.n trends In grant fundlng for research 
teams (e.g., more than four researchers) with that 
for single Investigators. 

5. An lndlcator that would probably add conslderable In- 
formatlon to SI reports would be an "employment de- 
mand Index" for sclentlsts and engineers. The widely 
used, long-standlng Deutsch, Shea, and Evans Index 1s 
based upon square footage of employment advertlslng 
In both newspapers and professional Journala s;lch as 
Chemical and Englneerlng News. This Index has exist- 
ed since 1961, 1s seasonally adJusted for recognized 
fluctuations In labor demand, and 1s constructed 
through the welghtlng of Its different maJor compon- 
ents. It 1s a gross monthly index, lacking field 
speclflclty, and does not dlstlngulsh sclentlsts from 
engineers. It 1s thus most useful for Industry, less 
so for Government, and of lxttle value for s2tidemla. 
However, when combined with the lnformatlon offered 
by surveys done by the College Placement Council, 
which collect "demand" lnformatlon for bachelor's, 
master's, and doctoral degrees (how many offers, at 
what salary, for which degrees), an overall estlma- 
tlon of demand In both Industry and Government can 
be derived. These surveys are done three times a 
year f and thus collect data which 1s timely. 

The basic assumpclon underlying the Deutsch, Shea, 
and Evans Index 1s that there 1s a strong correlation 
between the number of Job openings and the amount of 
advertlslng. This correlation appears to be true 
only on the gross level, slrlce nany lndlvJ.dual fields 
have different networks for announcing their open- 
Ings. For example, annual meetings of professional 
socletles are often used for recruitment purposes, 
and recruitment officers from numerous companies 
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vlslt many campuses In search Df new talent. Simple 
word-of-mouth IS also a frequently used method of re- 
crultment for several fields. Also, the growing num- 
ber of professional recrultme?t dyencles (or contrac- 
tors) regIstered many lob openings that otherwise may 
not be advertised. However, on the whole, the 
Deutsch, Shea, and Evans Index appears to us a reason- 
ably valid gross measure because the amount of adver- 
tLslng ~1.11 to some degree reflect the overall need 
for relevant personnel. One user of the Index, 
Ms. Betty Vetter, ChaIrwoman of the AAAS Committee 
on Sclentlflc Manpower, has stated that the lndlcator 
can te tiest trusted when It shows a trend spanning 
more than 2 or 3 months; I.e., If It turns down for a 
6-month period, It 1s relatively safe to say that a 
decrease In lndustrlal (and partially Government) de- 
mand for personnel has also taken place. Thus, If 
followed over a number of years, the lndlcator may 
reveal slgnlflcant trends. Also, If combined with 
other data gathered on recruitment, this lndlcator 
would be considerably strengthened. 

6. An lndlcator of professlonal movement of personnel In 
sclence- and technology-related areas would be a use- 
ful aVJrlon to SI’s present data on manpower. Pres- 
ent data are often expressed In terms of stocks of 
particular types of people rather than flows of re- 
sources from one area to another. 

Such an lndlcator would view an Lndlvldual's partlcl- 
patlon In sclentlflc work as having a life cycle com- 
posed of a number of states: pre-high school, high 
schoolv college work In science and englneerlng (S&E), 
non-S&E college work , graduate tralnlng In S&E, etc. 
Given the appropriate statIstlcs for each i?At, one 
can construct a matrix showing the flows of lndlvldu- 
als between the different states of the system In a 
given time period (see figure 5). Eacn lndlvldual 1s 
classlfled by his or her state In the lnltlal year 
one wishes to look at and by the status In the flnal 
year. The diagonal elements would show those people 
who remain In a particular state over the year, while 
the off-diagonal elements would show transltlons be- 
tween states. It I.S then posslole to ldentlfy pat- 
terns of movement from one state to another after 
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adlusting the matrix to account for overall populat- 
tlon growth. IJ 

Figure 5 

Matrix of Personnel Flow 
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a/These classlflcatlons listed above are for purposes of illus- 
tration only and are not meant to be deflnltlve or exhaus- 
tive. One could disaggregate the academic R&D work by field 
(pnyslcsI chemistry, etc.) or possibly disaggregate the in- 
dustry R&D workers by research and nonresearch or develop- 
ment, for example. 

L/Tnls suggested lndlcator has been adapted from Mervyn A. 
King r "Primary and Secondary Indicators of Education," 
Social Indicators and Social Policy, Andrew Shonfleld and 
Stella Shaw, eds., Social Science Research Council, 1972. 
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This type of matrix, properly used, could serve to do 
the following: 

a. Find the average time In years spent In a par- 
tlcular state; I.e., how many years might the 
dverage student spend In graduate education, or 
how long might the average researcher expect to 
be employed In full-tJ.me R&D work Defore movlny 
to another Job or retirement. 

b. Find a number of lnterestsng probabllltles from 
the data: 

--What 1s the probablllty when entering college 
of young Into full-time R&D work; what I.S the 
probablllty of moving from one dlsclpllne to 
another or to Interdlsclpllnary work; or what 
1s the probablllty of doing non-S&E-related 
work, given yraduate tralnlng? 

This lndlcator of personnel flow might also improve 
SI's treatment of education In science and technology, 
znce many of the possible states Involve education 
(l.e., sclentlflc and englneerlng graduate tralnlng). 

7. SI might also use alternative price IndIces for R&D. 
Inflation 1s universally recognized by the science 
po11.c~ community as having had a large effect on the 
conduct of and fundIng for R&D. However, 3.t 1s not 
so well agreed that deflating the figures for R&D 
spending by the GNP deflator (as 1.5 done In S176) 1s 
the best way of taking the effect of lnflatlon into 
account. For example, LangJon Crane 1s skeptical 
about the accuracy and deslrablllty of deflating R&D 
budyets. L/ Wllllam Carey, In an Auyust 26, 1977, 
edltorlal In Science magazine, expresses the view 
that the research dollar may have been devalued by 
one-third In the last decade due to such things as 
equipment obsolescence, Increased paperwork, and rls- 
Ing overhead rates In unlversltles and colleges. In 
view of tne experlmental nature of SI, some attempts 
at developang an o~~zrall (or dlsaggregated) RhD price 
Index would be valuable. To this end, we list here 

-- 

L/T. Langdon Crane, "SI74 and Basic Research: A Partial 
Analysis," In measuring and evaluatlny the results of fed- 
erally supported research and development, science output 
Indicators - Part I, Special OversIght Hearlnys, Committee 
on Science and Technology, House of Representatives, 94th 
Congress, May 13 and 26, 1976, pp. 76-90. 
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some ;rf the attempts to derive alternative price In- 
dices for R&D. 

Lawrence Goldberg, In a paper entItled "Federal Poll- 
cles Affecting Industrial Research and Development," 
developed R&D price IndIces for 14 manufacturing In- 
dustrles who fund 94 percent of the total R&D expendl- 
tures by Industry. IJ These Indices show some dlf- 
ferences when compared with the overall GNP deflator. 
For example, Goldberg's R&D price index for the chem- 
lcal industry Increased 15 percent between 1973 and 
1975, compared to the GNP deflator which Increased 
19.4 percent over the same period. Battelle Labora- 
tories also has developed an R&D price Index. 2/ This 
rndex shows that the cost of doing R&D has lncrea?erl 
much faster tnan the GNP deflator since 1960. Al- 
though there may not be agreement among the various 
papers An this field, SI should attempt to Incorpo- 
rate past work or to develop new IndIces in this 
area. 

&/Lawrence Goldberg, "Federal Pollcles Affecting Industrial 
R&D." Unpublished paper presented at the Southern Economic 
Assoclatlon meetings, Washington, D.C., November 1978. 

/Probable Levels of R&D Expenditures In 1977: Forecast and 
Analysrs. Batelle, December 1976. Cited In Support of 
Basrc Research by Industry. 
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CHAPTER 5 

CONCLUSIONS AIJD RECOMMENDATIONS 

The complexity of science and technoloyy and the diverse 
manner In which the two are interrelated with almost every so- 
cletal actlvlty, permits for only a general descrlptlon of the 
dlrnenslons of the enterprise, and defies precise deflnltlon. 
However, yuantltatlve measurement I.S an important part of the 
appraisal that seeks precise deflnltlon. Thus, as discussed 
In this report, the yuantltatlve measurement of science and 
tecnnology I.S an arduous but nonetheless vitally Important 
actlvrty. 

In previous chapters, we have examined yuantltatlve neas- 
ures of science and technology In a Lecurr1r-q Government re- 
port. In our oplnlon, yuantltatlve measurement, when properly 
constructed and presented, serves as a vdluable resource tar 
pollcymaklng. Such measures, although an important tool, are 
only one of many resources used by pollcymakers. 

It appears that g, the STAH, and the Five-Year Outlook 
report (first blennlal edltlon scheduled for January 19YO:, 
~1.11 be vlewed In concert as the most comprehenslve appraisal 
of U.S. science and technology. Although the first volume of 
the Five-Year Outlook 1s not yet completed, our observations 
on tne role of this report are based on lnformatlon from NSF. 
This trio of L1ocuments 1s augmented uy publlcatlons on se- 
lected topics, such as those Issued uy the Natlonal Research 
Council, c~SG reports Issued on alternate (non-SI) years, the 
annual American ASSoCldtlOIl for Advancement Of?iCI.enCe repOrt 
on Federal K&D policy, nonrecurrlny special toplcdl reports 
le.+, Smith and tidrlesky, The State of: Accidernlc Kesearch), 
and the large range of statlstlcal publlcatlons by the SCI.- 
ence Resources Studies Dlvlslon of NbF. 

PURPOSE OF THE REPORTb: SI, 
STAR, AND FIVE-YEAR OUTLOOK - 

Tnere has been some confusion concerning the lnterpreta- 
tlon of tne mandate for b1. Addltlonally, the ~n~tlal pur- 
poses of the STAR and theFlve-Year Outlook were apparently 
confused due to the transfer of the responslblllty for wrltlng 
the reports irom OsTP to the Director tif NSF (HeoryanI.zatlon 
Plan No. 1 of 1977 and Executive Order No. 12039, February 24, 
1978). Tnerefore, the staff of hSF nas ueen trying to sepa- 
rate and clarify the purposes of tne three reports for which 
they are now responsible We offer the following observations 
concernlny these purposes. 
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First publlshed in 1973 (SI72), SI is a blennlal series 
resulting from NSB's Interpretation ofits vague 1968 mandate 
for an annual report. The essence of the mandate was that NSB 
should "assess science." NSB originally cast SI as an experi- 
ment that would attempt to provide pollcymakerswlth important 
statlstlcs concerning tne state of the science and technology 
enterprise. Alternate year reports by NSB would then be con- 
cerned with more topical issues. 

In 1976, as part of legislation to centralize science 
policy responslblilty in the Executive Office of the Presi- 
dent, Congress mandated two additional reports--the STAR and 
the Five-Year Outlook --which affected the role of SI. In con- 
trast to the vague mandate for the NSB's annual report, tne 
executive branch was given more specific lnstructlons as to 
the nature of the STAR and tne Five-Year Outlook. This man- 
date requested reports which were to be substantially dlffer- 
ent from the existing 31 in one fundamental way: whereas SI 
had been an attempt toquantltatlveiy describe the state of 
science, the 1976 legislation called for the STAR and the 
Five-Year Outlook to appraise and evaluate how science and 
technology could contribute to society. Thus these two later 
reports were explicitly directed to discuss how problems wlth- 
in the scientific enterprise would inhibit the societal con- 
tributlon of science and technology. This mandate reflected 
the prevalent rationale for extensive Government involvement 
In science and technology. 

These three reports provide different kinds of informa- 
tion for policy, and thus tney are complementary. SI has be- 
gun to design a broad statistical basis for underst=dlng and 
assessing the science and technology enterprise. vJe believe 
that SI can provide a necessary background component for 
pol ICY. Furthernore, It can also serve as a significant data 
base for both the STAR and the Five-Year Outlook to test, sup- 
port, or identify perceptions, knowledgable opinions, and 
analyses on topical issues of concern to pollcymakers. 

NSB seems to be faced with a dilemma here. On the one 
nand, it may wish in the future to develop indicators around 
topical policy issues so that SI can be of immediate use to 
policymakers. On the other hand, NSB could broaden its ap- 
proach and orient SI primarily toward the assessment of the 
condltlon and direction of science and technology, while main- 
taining an ObJeCtlVe detachment from popular short-term issues. 

vJe believe that NSB should adopt the latter approach for 
SI. To restrict indicator selection or interpretation to cur- 
rent issues would compromise the long-term benefit of SI in 
providing a continuing portrait of science and technology. 
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Analysis of topical Issues could be offered separately, In 
otner reports, perhaps based on some of the data developed 
for SI. This is precisely the mandate for the STAR and Five- 
Year-&tlook --to analyze topical policy issues and programs, 
utlllzlng the resources available. These two reports, with 
tnelr emphasis on the social utlllty of science and tech- 
nology, could draw from the various models of science and 
tecnnology developed by SI in order to understand present 
policy issues. Addltlonzly, ;JSB may wish to offer Judgment 
and evaluation In special or alternate-year reports. 

RECOMMENDATIONS FOR II~PRO'JILJ\; 
SCIENCE INDICATORS 

We believe that SI should be a broad effort designed to 
yield quantltatlve InformatIon on how science and technology 
are faring In the Unlted States. In this manner, the SI se- 
ries can be of contlnulng utlllty. We share NSB's viewthat 
SI is an experiment. Since the development of Indicators 1s 
still In Its infancy, the need for further research on sci- 
ence and technology lndlcator design and construction merits 
erllphasls. 

In order to yield as thorough a portrait as possible of 
tne changing state of science and technology, we suggest that 
SI expand Its view for examlnlng the sclentlflc enterprise. 
At present, tnls perspective 1s restricted by the implicit 
Input-output model of science and technology. A mayor prob- 
lem with this approach 1s tnat It. focuses on resources and re- 
sults, and leaves out both the process and suDstance of scl- 
ence. Science is seen mainly In terms of Its economic, not 
sclentiflc, Importance, as leadlng directly to technology. 
This view nas had tne effect of exclujlng lnformatlon about 
sclentlflc advances and where they directly might benefit so- 
clety. Tne Input-output approach is consequently inadequate 
to cover many of the most Important elements of LJ.S. science 
and tecnnology. By vlewlng science and technology from a 
variety of inodels, SI could better exarlllne the actual pro- 
cesses and operatloG involved and tnus provide a more sub- 
stantlal quantltatlve basis for understandIn science and 
technology. In seeKIng this Improvement, It may be necessary 
to draw directly on both speclflc research and general knowl- 
edge concerning tile soclolo~y of science and tne processes in- 
volved ln technological innovation. 

An attempt should be made to take more of a conceptual 
approach to the deslgn and structuring of lndlcators. It was 
natural that the lnltlal SI reports would be base3 largely on 
an operatlonal approach, derlvlng lndlcators from the readily 
available data on the basis of suspected importance. This 
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approach, however, Incorporated a limited view of science and 
technology, and led to tae construction of a number of lndlca- 
tors whose underlying assumptions are tenuous or InvalId. The 
approach also increased the dlfflcultles which are inherent in 
overall interpretations by confusing the meaning of some of 
the measures. The result has been that the assessment orlgl- 
nally called for by legislation to date has not been achieved. 

A more conceptual approach should be adopted whereby the 
Important concepts to be measured (such as "research activity", 
"frontiers in science") are chosen and explicitly defined in 
the text along with their llmltatlons and underlying assump- 
tions. SI reports would then be open to more focused and con- 
structlvecrltlclsm concerning the validity of their lndlca- 
tors. This would continuously advance the evolution of this 
kind of measurement of science and technology. 

The extensive research still needed may require resources 
in addition to those presently available to NSF in the SI ef- 
fort. We believe that conslderatlon should be given to- 
whether sufficient resources are presently allotted to the SI 
staff. 

- 

We recommend that NSB direct the SI staff to: - 

--Use different models of science and technology to pre- 
sent a spectrum of important concepts which need to be 
measured. Particular attention should be given to de- 
veloping indicators of the process and substance of re- 
search. 

--Emphasize a more conceptual approach in designing indl- 
caters which first identifies what will be measured, 
and then generates the appropriate data. 

--Include overall interpretation of the cneaning of indl- 
caters without emphasizing short-term topical policy 
issues. 

--Consider our suggested alternative indicators. 

--Continue to experiment in the SI series by developing 
and testing new indicators, anTby reevaluating and 
improving old ones. 

--Attempt to more clearly dlfferentlate science from 
tecnnology and develop dlstlnctlve indicators for each. 

--Consider whether sufficient resources are available to 
the SI effort to perform essential research and experi- 
ment= development of new and improved indicators. 
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APPENDIX I 

STATEMENTS OF PURPOSE FOR 
SCIENCE INDICATORS SERIES - 

APPENDIX I 

The following are 02 dlfkerent statements of purpose, 
lncludlng leylslatlve mandates and the oral and wrltten state- 
ments of NSF personnel closely connected with the SI effort. - 

1. Orlglnal leglslatlon - Public Law 90-407, July 18, 
1968, required the Natlondl Science Board to publish 
an annual report (which SI later came to satisfy - 
every odd year). 

II* * * shall render an annual report to the 
President * * * on the status and health of 
science and Its various dlsclpllnes. Such 
report shdl!. Include an assessment of such 
matters as natlonal sclentlflc resources and 
trained manpower, progress In selected areas 
of oaslc sclentlflc research, and an Indlca- 
tlon of those aspects of such progress whxch 
might ue applied to the needs of American 
society." 

2. From testimony by Roger Heyns, first ChaIrman, Sci- 
ence Indlcators CommI.ttee (NSB), Special Oversxyht 
Hearings on Science Indicators before the Subcommlt- 
tee on Domestic and International Sclentlflc Plannlny 
and Analysis of the House Committee on Science and 
Technology, May 19 and 26, 1976. 

(IBy late 1971, we [the Board] had Identl- 
fled seven major i+rposes or functions of 
the science lndlcators reports, most of 
wnlch In retrospect still are appropriate: 

1. To detect and monitor slgnlflcant devel- 
opments and trends In the sclentlflc enter- 
prose, Including InternatIonal comparxso?s. 

2. To e\Taluate tnelr Implxcatlons for the 
present and future status dnd healtn of sc1- 
ence. 

3. To provide the contlnulng and compre- 
henslve appraisal of U.S. science. 

4. To establish one new mechanism for guld- 
Ing the Natlon's science policy. 
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5. To encourage yuantlflcatlon of the com- 
mon dlmenslons-of-science policy, leadlng 
to improvements In R&D policy setting with- 
In Federal agencies and other organlzatlons. 

6. To stimulate social sclentlsts' Inter- 
est In the methodology of this type of re- 
port as well ds their Interest In this Im- 
portant area of public policy. 

7. To provide d regular focus for the 
doard's annual reports." 

3. NSF Internal review (1977) committee based their crl- 
tlque on the following stated purposes or alms of SI, 
as stated by H. Averch, Asslstant Dlrector, NSF, IF 
his orlglnal memo to the other SI evaluation task 
force memuers. 

- 

I'* * * whether SI content or format are ap- 
proprlately con=lbutlng to (1) the Identl- 
flcatlon and Illumlnatlon of policy issues 
related to science and technology: (2) the 
predlctlon or antlcrpatlon of future prob- 
lems In scrence and tecnnology; and (3) an 
Integrated portrait of the state of science 
and technology. 

"A list of lImIted oblectlves for the Scl- 
ence Indicators reports mlyht Include the 
following: 

1. to provide lnformatlon that portrays 
and relates to the state of, and trends In, 
various aspects of science and technology; 

2. to assess tne trends as to their Impll- 
catlons for the present and future state of 
science and technology; 

3. to lllumlnate exlstlng policy Issues 
and optlons, especially to shed light on 
the existence or nonexlstence of alleged 
problems; 

4. to Identify possible new policy issues." 

4. In each of the SI reports (1972, 1974, and 1976): - 
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"The purpose and function of science Indl- 
caters I.S to follow changes In the sclen- 
tlflc enterprise and kts components over 
time, and thereby to reveal strengths and 
weaknesses as they begin to develop." 

With slight wordrng changes this 1s to be found In 
each of the lntroductlons to the three reports. Fur- 
thermore, In the latest of these, S176, there are 
a so other stated alms: ?I 

‘I* * * contJ.nulng effort to develop Indlca- 
tors of the status of science and technology 
In the various sectors of the U.S. economy.' 

"* * * should provide an early warning of 
events and trends which might reduce the 
capacity of science--and subsequently 
technology-- to meet the needs of the 
natlon." 

"* * * this effort to better understand 
the sclentlflc enterprise." 

5. Comments from IntervIews with members of NSF con- 
cerned with SI: - 

ll* * * science lndlcators 1s not supposed 
to be evaluative, but should concentrate 
only on measurement, on quantlfylng 
economic-type Indicators for scrence." 

6. Public Law 95-99, August 15, 1977. 197% Authorlza- 
tlon for NSF: 

"The Board shall render an annual report 
to the President, for submlsslon to the 
Congress on or before March 31 In each 
year. Such report shall deal essentially, 
though not necessarily exclusively, with 
po11.c~ Issues or matters which affect the 
Foundation or with which the Board In Its 
offlclal role as the pollcymaklng body of 
the Foundation 1s concerned." 

There 1s Doth agreement and discrepancy among these dlf- 
ferent statements of purpose. For example, what 1s stated In 
the lntroductlon to each SI report agrees with the seven ob- 
Jectlves In Dr. Heyns' testimony which interprets the orIgIna 
leglslatlon. Both of these would direct SI at some evaluation - 
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or assessment of how the "sclentlflc enterprise" I.S doing, 
both sclentlflcally and In Its ablllty to meet national needs. 
Stronyly at odds with these, however, are the remarks by NSF 
personnel Involved with SI which state that the reports were 
meant to emphasize quarltzatlve data and not venture at all 
3.nto evaluations or assessment. 
central to the effort, 

Quant1fLcatlon 1s Certainly 
but It was not the slnyle, underlylng 

ObJeCtlVe In these statements of purpose. In fact, there J.S 
even some discrepancy with respect to what should be 
quantlfled--" the common dlmenslons of science pol~.cy" (under- 
llnlng added) or 'the condltlon of science and research In the 
U.S." 

A central dlfflculty we have noted I.S the degree to which 
the bndlcators are supposed to deal with both science and tech- 
nology. Inltlally, the emphasis was clearly on science; tech- 
nology was consIdered a result or "output" of science. How- 
ever, as shown by later lntroductlons to SI reports, though It 
was apparently recognized that th1.s was aroverslmpllfled view 
of technology, the degree to which technology lndxcators need- 
ed to be included remalned unclear. Their lncluslon has In- 
creased to the porqt where they occupy nearly half of S176. 
Yet It cannot be discerned whether the orlglnal emphasis on 
science st3.11 exists, even In a subdued form. This area of 
confusion 1s not directly dealt with In the other statements 
of purpose. Also, It I.S unclear what the term "scJ.entlflc en- 
terprlse" Includes-- whether all of science and all of tech- 
nolow, or only a subset of this. There needs to be clarlfl- 
catlon here since such confuslon directly affects the basic 
scope of the SI reports. Our lnterpretatlon of SI's purpose 
mentions bothsclence and technology, thereby kee=ng this 
scope as wide as possible. 

Each of the stated ObJeCtlVeS for Science Indicators, 
even the llsted seven "maJor functions," are highly general, 
In places, vague. It appears that the lnltlal hopes about the 
potential of SI to construct 'a comprehenslve appraisal of U.S. 
science" predominated over conslderatlons of the inherent dlf- 
fJ.cultles, some of which have been discussed. As a conse- 
quence, the achievable scope of SI has had to be reevaluated 
and altered as the project has e=lved. An example of this 1s 
the lnltlal focus on science, whereas the lncluslon of tech- 
nology has increased In the later two reports. The crucbal 
point seems to De that confusion In the stated purposes has 
come from an IncreasIng awareness of the Inherent lI.mltat1ons 
In the overall effort. 

In examlnlng the collection of stated purposes, It 1s ap- 
parent that SI has been Intended to do more than merely collect 
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and present data wxth a few basic z.nterpretatlons. Instead, 
It appears that SI's "assessment" snould involve overall In- 
terpretatlon which discusses causal relatlonshlps to the de- 
gree possxble. Furthermore, It appears that though SI was not 
ncant to present by Itself a comprehensive portrait of U.S. 
science, 1.t was intended to develop quantltatlve J.nformatlon 
on as many mclJor dlmenslons of science (and later, technology) 
as possible. The added requirement from Public Law 95-99, 
1978 NSF Authorlzatlon Act, that "policy issues or matters" 
dlso ue consldered In the formulation of the report 1s rele- 
vant to future SI reports (l.e., post-SI76). In our opJ.nlon, 
thus mandate Issuffxclently broad to allow the earlier, more 
direct statements concernlny the speclfxc goals of SI to re- 
maln relevant. kJe then derive the following centralpurpose 
for the SI reports: SI 1s to quantify as many of the dlqen- 
sxons ofsclence and technology as 1s feasible, with a vxew 
towards J.dentlCylng slgnltlcant trends and developments In 
these parameters, lnterpretlng pOSSI.ble causal relatlonshlps 
between them and analyzing their possible xnfluence on the 
condltlon and dlrectlon of science and technology An the 
United States. This stresses the need for overall analysis 
and Interpretation, while malntalnlng that evaluations do not 
belong In SI. - 
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NSF COMMENTS AND GAO RESPONSES 

LETTER WITH ENCLOSURES 

‘VATIONAL SC’EYCE FOUNDATION 

WASHtNGTQY 0 C 20550 

August 21, 1979 

Mr Harry S Havens 
DIrector, Program Analysis Division 
U S General Accounting Office 
441 G Street, N W 
Washington, D C 20548 

Dear Mr Havens 

We have recently received for review the final draft of a report 
from the General Accounting Offlce (GAO) titled "Science Indicators 
Improvements Needed in Design, Construction and Interpretation (Code 
971350)" We appreciate the opportunity to provide you with some 
comments and ths interaction of the authors of the report with NSF 
officials who have played a key role in the preparation of the science 
indicators series. Nevertheless, some misconceptions still seem to be 
reflected in the report, and we hope that our comments will help to 
clarify these 

As Science Indicators--1978 is now at the printer, it was not possible 
for the GAO team to review this document and the GAO report is based 
primarily on a review of Science Indicators--1976 Since the develop- 
ment of science indicators 1s still a relatively young endeavor dealing 
with very complicated systems and concepts, it 1s not only natural but 
expected that continuous, mainly beneficial evolution is taking place 
Consequently, it 1s noteworthy that some of the recommendations of the 
GAO report have already been incorporated in Science Indicators--1978 
Section A of the enclosure to this letter provides a detailed listing 
of these items It 1s reassuring that the GAO staff and the authors 
of the science indicators series agree on these improvements. 

As may be expected, there 1s not agreement on all points The GAO 
report makes five maJor recommendations on which we would like to comment 
First, we too believe that more interpretation of the presented quanta ta- 
tive information will be useful, and this approach IS already reflected 
in Science Indicators--1978 Second, we agree that 
tion with new lndlcators 1s an absolute necessity 
in such efforts 
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However, we do have dlfflcultles Iqlth the recommendation that 
dlfterent "models" of science and technology could be used now in 
the development of science lndlcators This suggestion ignores the 
fact that the science and technology enterprise represents an ex- 
tremely complex system affected by many internal and external factors 
which are far from understood This 1s reflected ln the lack of 
agreement among expert analysts of the system as to whether valid, 
reliable total models are possible or whether existing partial models 
are correct or applicable Thus, while further studies of possible 
models should be continued, the appllcatlon of models at the current 
state-of-the-art has to be very tentative As a matter of fact, 
indicators which are Independent of the choice of a model may be the 
most useful ones 

The science indicators used are generally based on deflnlte concepts, 
whenever this 1s possible Frequently, multiple concepts are reflected 
by a single indicator or a combination of indicators However, caution 
has to be used in Interpreting indicators only in terms of single 
concepts since this may be mlsleadlng when the suggested conceptual 
approach turns out to be faulty Again, Science Indicators--1978 in Its 
greater interpretive mode tries to point out alternative interpretations 
when this is called for or possible 

Finally, every attempt has been made to clearly differentlate science 
from technology, whenever this 1s possible or appropriate Thus, the 
report contains a whole chapter on Basic Research, which is clearly 
science, and another on Industrial R&D, which 1s primarily technology 
However, the report appropriately takes into conslderatlon that science 
and technology represent a continuous spectrum of both actlvltles which 
are naturally dependent and Interactive 

Besides the comments on maJor GAO recommendations, we have a number 
of more specific comments on statements made in the draft report Some 
of these represent factual errors , others are differences In point of 
view These comnents are listed in Sections B and C of the enclosure 

We hope that our comments and remarks ~111 clarify points of agreement 
and disagreement and ~111 provide you and the Congress with a better 
understandlng of a complex SubJect matter 

Cincerely yours, 

(f+ik;ki??-++ 

National Science Board 

Enclosure 
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ENCLOSURE 

‘A GAO Recomnendatlons Incorporated ln Science Indicators--1978 

A number of the comments or recommendations of the GAO report reflect 
critiques of early Science Indicators versions and are no longer ap- 
plicable to the current science lndlcator effort, and ln particular 
to Science Indicators--1978 

GAO Draft Report 
Paoe Numbers 

111 SI--1976 includes relatively little interpretive 
narrative. Consequently, the alleged "gloomy" 
tone can only be inferred from its quantl- 
tative information. By 1978, the general 
support picture had improved, which will be 
reflected in SI--1978. Thus, the overall 
tone of each Science Indicators report 1s 
set prlmarlly by the data lt contains 

32 

41-43 

43-45 

A different and more comprehensive literature 
data base 1s presented ln SI--1978 than the 
the one discussed by GAO 

Many of the problems concerning patent data 
which GAO discusses have already been dealt 
with ln SI--1978 For example, the "patent 
balance" concept was dropped and replaced by 
other approaches Domestic patentlng trends 
ln different countries have been added to 
SI--1978 and analyzed. Detailed description 
of the meaning of, and uses of, patent data 
have been introduced in SI--1978, drawing 
upon and citing some of the same sources 
cited in the GAO report In addition, four 
experts on patents and their use as lndlcators 
participated ln preparing this section 

GAO feels that lnternatlonal comparisons of 
Government R&D expenditures are mlsleadlng, 
particularly between the Unlted States and 
Japan, because of country differences ln 
pnontles and funding patterns The dlf- 
ferences between Japan and the United States 
in terms of public versus private sources of 
R&D funding are highlighted ln SI--1978, thus 
making lt even clearer that the-or of 
Government expenditures by ObJeCtlVe5 reflects 
only Government R&D priorltles, not the total 
national effort Three new lndlcators in 
SI--1978 provide information on support of,R&D 
by other sectors 
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GAO Draft Report 
Page Numbers 

45-48 

48-51 
(and 33) 

51-54 

55 

55-56 
61-62 
(111) 

Comment 

The GAO discussion regarding the InnovatIon 
indicators from the Gellman Report is no 
longer applicable For some of the reasons 
repeated In the GAO report, the "Gellman 
Study" of innovations was not used in SI--1978 

GAO feels that ScTence Indicators has made 
little use of bibliometric data such as cita- 
tion analysis Science Indicators has been 
one of the main supporters and users of re- 
search in this area and has continued to 
improve and increase the blbllographlc data 
series with each report Although GAO presumes 
that citation ratios are used to measure research 
quality, SI--1978 does not use citation ratios 
as an indicator of quality, nor did SI--1976 
Rather, they serve as measures of the influence 
and utility of U S scientific literature 
Several of the GAO report's caveats regarding 
the use of S&T literature indicators were 
explicitly stated in SI--1976 and expanded in 
SI--1978 

The Public Attitudes survey, which 1s not in- 
cluded in SI--1978, has been redesigned tech- 
nically to include policy issues and to identify 
separately the subgroup of the public that 
actively follows science and technology The 
redeslgned survey WJ 11 be undertaken in the 
Fall of 1979 and publIshed later 

The GAO report agrees with the internal NSF 
recommendation that there be more explicit 
rationale for presentation of indicators The 
indiLators in SI--1978 are introduced with the 
rationale for their lncluslon There is also 
an Increase in SI--1978 in the treatment of con- 
conceptual llmltatlons of specific indicators 

Throughout the report, GAO cites the lack of 
lnterpretatlon as one of the "maJor llmltatlons 
of SI--1976 ' SI--1978 has considerable Inter- 
pretation of both short- and long-term policy 
issues for the indicators 
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GAO Draft Report 
Page Numbers 

56 
63-65 

(4 

GAO has recommended the lncluslon of information 
developed by academic researchers not directly 
connected with NSF SI--1978 contains, for 
example, much of the work by TerleckyJ and by 
MansfIeld (whose research 1s recommended by GAO) 
A number of the researchers cited by the GAO 
report were actually reviewers of draft SI--1978 
chapters 

62 Although SI--1978 does not have a summary chapter 
per se, as GAO recommends, it does have summary 
sectlons in each chapter and for the first time 
a detailed index 

B General Comments 

1 Several maJor conceptual issues are raised In the GAO report that 
should be put into a state-of-the-art perspective It certainly 
would be desirable to have Science Indicators based on an explicit, o 
detailed model of the operation of the science-technology system 
However, very little recognition 7s given to the fact that this 
system 1s very complex and not understood sufficiently well to 
permit the development of overall models Some subelements are 
better understood and whenever this 1s the case, interpretation 
in terms of causal factors has been attempted in the as-yet-un- 
pub1 lshed Science Indicators--1978 

2 The GAO report claims that SI 
output framework ' 

"is too constricted by an input- 
It 1s correct that SI includes many "input" 

measures and fewer corresponding "output" measures However, 
these measures are rncluded because they are ObJeCtlVe and quanti- 
tative, in line with the stated ObJeCtlVeS of SI (pointed out on 
p 28 of the GAO report) and not because of an overslmpllfled plan 
to adopt the rigid notion of input-output The implicit input- 
output or "black box" model does not exist and it would be incorrect 
to use such a model if it did exist only by itself 

3 While one section of the GAO report (p 28) correctly states the 
ObJective of SI, other parts seem to ignore the ObJeCtlve Thus, 
the crltlclsm that the internal operations of science and advances 
in knowledge are not covered falls to take into conslderatlon that 
these aspects of the science and technology system are not suitable 
for quantitative description or analysis Similarly, while Chapter 5 
points out correctly the complementary nature of the Science and 
Technology Annual Report (STAR), SI, and the Five-Year Outlook 
Report, crltlclsms in the Summary, Digest, and earlier chapters 
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assume that SI itself 13 intended to provide an overview of 
all aspects of the sclentlflc and technological enterprise 
As pointed out in SI , a report dealing primarily with quantita- 
tive aspects of the system cannot do this as many facets of the 
system do not lend themselves to this type of approach 

4 While SI can certainly be improved, few of Its positive aspects 
are mentloned 

5 Many of the Inherent assumptions (p 30) ascribed by the GAO to 
the alleged SI model are not self-evident For example 

"2 The state of science and technology can be described 
prlmarlly ln terms of what 1s being added each year to 
the overall base of expertise, wlthout sufficient ref- 
erence to the accumulated base ' 

As a counter-example to this alleged assumption, SI analyzes the 
activities of the total number of sclentlsts and engineers in great 
detail To take another example of an alleged assumption (p 31) 

“9 Physics, chemistry, biology, and math are the most 
important sciences, i e , deserve the most complete 
coverage ' 

Coverage of the social sciences 1s in line with their share of 
overall sclentlflc actlvltles In all fields 

Other alleged assumptions deal with areas not even discussed, 
covered, or even assumed in SI, e g , "science and technology 
exist in a social context and have minor self-regulating aspects" 
or "science and technology advance incrementally with no 'sudden' 
changes ' 

6 It 1s unfortunate that the GAO report misunderstood what NSF staff 
said about greater lnterpretatlon in SI--1978 SI--1978 does not 
narrow Its lnterpretatlon to Immediate popular issues, but also 
provides strategic information on broader, longer term issues for 
science decision makers Furthermore, the mater-la1 related to 
policy Issues was not selected on the basis of popularity or 
political Impact 

7 Differences In time are sometimes not adequately taken Into con- 
slderatlon Thus, the alleged disparity of statements of SI 
purpose (GAO Report Appendix) do not reflect a state of amblgulty, 
as stated in the report, rather, they consist of statements made 
at various times during the last nine years and thus reflect 
evolution and sharpening of the concept accompanied by Increased 
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awareness of the lmpllclt llmltatlons of the approach 
Slmllarly, the fact that STAR shows more optimlstlc trends 
than SI--1976 is due to the fact that STAR, which was 
published in 1978, covers two more years of data SI--1978 
~111 show similar trends 

8 While SI frequently discusses R&D in toto to provide an overview -- 
of the overall U S technical effort, science and technology are 
covered separately to the extent possible Thus, one out of 
SIX chapters 1s completely devoted to basic research which 1s 
completely in the science domain and the Industry chapter separately 
treats industrial basic research from other R&D activities which 
are generally In the technology area 

9 The crltlque of some specific lndtcators frequently reflects lack 
of appreciation of the multiple use of statistical data, 1 e , 
the fact that data of one type, such as expenditures, can be 
analyzed through various types of crosscuts (p 38) or complete 
knowledge of the nature of the data 

10 While sclentlflc personnel and expenditure measures represent 
a slgnlficant portlon of the lndlcators, this information 1s 
not dupllcatlve but rather complementary Both give lndlcators 
of activity, but not necessarily identical ones Thus, the 
data clearly show that changes ln expenditures are frequently 
not accompanied by corresponding changes in personnel 
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C Speclflc Comments 

GAO Draft Report 
Page Numbers 

17 

30 

31-32 

43-45 

Comment 

Science Indicators reports have never been based 
only "on data which is already collected ' Examples 
are international literature, lndlcators on public 
opinion surveys, patent data by SIC grouplnqs, 
Soviet R&D resource statistics and many others 

The statement that nearly all the measures listed 
on page 29 of the GAO report ("orlglnal" indicators 
proposed) were available from within the Federal 
Government, particularly from SRS, 1s incorrect 
for the first, fourth, fifth, eleventh and twelfth 
items Thus, it 1s true for only 7 out of 12 
Furthermore, the items llsted represent only about 
one-fourth of the orlglnal items, many of which were 
even less avallable from existing Government sources 

The GAO report questions the use of basic research 
expenditures and S&T literature because the data 
show a decline in basic research funds and "an 
unbroken increase in the number of overall publica- 
tions through 1975 ' This 1s a result of the lagged 
effect between the actual research expenditure and 
the actual date the publication is reflected in the 
abstract Journal An important point was made in 
SI--1976 "Available data for 1975 showed steady 
growth in only 3 of 11 fields since 1973, five fields 
not changing substantially from the 1973 level, and 
three dropplnq below the 1973 level ' (p 88) Thus, 
the data for 1975 may have Just begun to reflect the 
lessened financial support 

The G40 report states that "The Organization for 
Economic Co-operation and Development (OFCD) which 
collected the data accept the definitions and stated 
purposes of the cognizant qovernments without further 
analysis, i e , if more money 1s budgeted for R&D by 
a military organization, it 1s for military research ' 
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GAO Draft Report 
Page Numbers 

43-45 
(Cont'd) 

45 

52 

52 

53 

56 

Comment 

On the contrary, the OECD nations themselves 
developed the classification scheme and deflnl- 
tlons for R&D expenditures across functIona 
areas, under the auspices of OECD The scheme 
was adopted by the various nations as the most 
effective way to show Government support for 
R&D in these areas. OECD staff analyze and 
verify the responses for adherence to definitions 
and classifications 

The GAO report uses the Japanese emphasis on 
Development as an argument for the lnvalldlty of 
these "functions" categories for comparing the 
U S with other countries A 1975 OECD report, 
however, showed that Japan and the U S have the 
same share of total R&D devoted to development 
64 3 percent and 64 4 percent, respectively 

The GAO report states that SI--1976 apparently made 
little use of available data from other studies In 
the Public Attjtude Chapter In fact, six outside 
sources of data contributed to tables 6-3, 6-4, 6-5, 
6-12, 6-13, and 6-19 and ten more were used in the 
text, including one recommended by GAO 

The Public Attitude Chapter of SI--1976 does not 
"muddle" science and technology, as the GAO report 
asserts They are separate for many of the survey 
questions See tables 6-2, 6-3, 6-15, 6-17, 6-18, 
6-19, and 6-21 

The GAO report critlclzes the Public Attitudes 
Chapter of SI--1976 as treating the public as a 
"homogeneous mass I' On the contrary, many demo- 
graphic subgroups are discussed in the text 

Contrary to the GAO report's assertlon, not all data 
in the SI reports have been Government-generated or 
Government-sponsored (e g., College Placement Council 
salaries of beginnIng S/E's, NAS information on inter- 
national congress attendance, public attitude surveys, 
etc > Furthermore, much of the MansfIeld and 
TerleckyJ work cited by GAO as examples of non- 
Government-sponsored efforts has been, in fact, Govern- 
ment-sponsored, as 1s over half of unlverslty-based social 
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GAO Draft Report 
Page Numbers 

62 

-8- 

Comment 

science research Government sponsorship does 
not in itself negate the value of research and 
analysis 

The GAO report urges attention to "where science 
and technology are focused" and "where they are 
least intensive " SI--1976 has a large number 
of indicators showl@?&&$ R&D is performed, 
where S/E's are employed and fields of science 
for R&D and S/E's In addition, R&D-intensive- 
ness is specifically treated In Figures l-28, 
l-29, l-30, 4-16, 4-17, 4-32, 4-37, 4-39 and 
4-41 
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GAO RESPONSES 

The letter from NSF hlghllghts comments, most of which 
are presented in more detail in sectlons B and C of the en- 
closure. Our responses are therefore directed as noted to 
each section of the enclosure. 

Section A 

We are pleased that S178 will include the improvements 
stated by NSF. However, since LVSF declined to make a draft 
of S178 available to us, we were unable to assess these 
changes. 

We have changed the text on p. 34,to make it clear that 
NSF was not presumed to used citation analysis as a measure 
of research quality. 

Other comments in section A which indicate dlsagreeqent 
with statements in the GAO draft report are repeated or ex- 
panded in sections B and C. To avoid redundancy, we respond H 
directly to sections B and C. 

Section B 

1. 

2. 

3. 

4. 

For the present state-of-the-art, it is very impor- 
tant that SI base indicator construction on a variety 
of experimental models --not any lndlvldual one. de 
agree that the complexity of the system of science 
and technology makes this difficult. PP. 14-17 of 
this report discuss these dlfflcultles. 

Our report discusses the input-output model that we 
believe 1s inherent in the selection of data and in- 
dicators used in SI. de do not impute any motive or 
intent to lllnlt SIto a restricted model. - 

We agree that SI 1s meant to be quantitative, and 
that not all aspects of the science and tecnnology 
system are fully quantifiable. Indeed, on pp. 5-6, 
we discuss the llmltatlons of quantlflcatlon in gen- 
eral. We belleve that some quantitative indicators 
for advances of knowledge and the internal operations 
of science can be developed. Examples of such lndl- 
caters are proposed in our report (p. 41). SI should 
further experiment with new indicators and not simply 
rest with the assumption that some aspects of science 
and technology are not quantifiable. 

Favorable comments are included throughout the report, 
as appropriate. 
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5. 

6. 

These are assumptions which we oelleve to be part of 
the model Implied by the choice of data and lndlca- 
tors included In the SI series. - 

Since NSF declined to make draft copies of S178 avall- 
lable to GAO, the statements In our report should not 
be construed as an evaluation of SI75. To be most 
useful In IdentIfyI-ny slgnlflcant trends and develop- 
ments In science dnd technology, we belleve that In- 
terpretatlon In the SI series should emphasize the 
long-term perspectlvc rather than current Issues. 

7. 

8. 

9-10. 

We do not agree that all of the confuslon over the 
purpose of SI 1s due to Its evolution. Variances 
also were e=dent In recent statements. We disagree 
that the differences In tone between the STAR and SI 
can be attributed to chanyes over time. In many I.Y~= 
stances, the STAR used different data largely from 
the same time period and analyses It differently to 
yield lnterpretatlons at odds with a. Our report 
cites two examples of such analyses--for R&D/GNP and 
patents (pp. 25-28). 

Although science and technology are treated sepa- 
rately to some extent, tie do not belleve that It 1s 
enough. Technology 1s sometimes separate, but some- 
tlI?es treated as an "output of science." Addltlon- 
ally, science and technology are lumped together In 
most of the yuestlons used In the survey of pub11c 
attitudes sectlon (pp. 34-36). 

rJe agree tnat the same data can be used In different 
ways. But over reliance on Just two data sets--funds 
and personnel, which are strongly Interrelated--causes 
mlsleadlng results. CJe recommend more ernphasls on a 
conceptual approach to measurement, In which Ideas on 
what 1s to oe measured are first generated, then data 
1s found. 

SectIon C--Mote: Tne page references by NSF correspond to our 
ilraft report. The page numbers In parentheses re- 
fer to the present text. 

Paye 17 (12) - The test refers to a hypothetical Instance, 
not necessarily to methods employed by the NSF staff In select- 
Ing data for SI. - 

Page 30 (19) - We Delleve that "most of the data" did 
exist In the Federal Government at tnat time. 
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Pages 31-32 (20-21) - We believe that this NSF comment 
further supports our view that the implicit input/output ap- 
proach or model is inadequate by itself. We do not agree 
that the data are sufficient to support the ?JSF conclusion 
that the decline In basic research funds and the Increase in 
number of publlcatlons "1s a result of the lagged effect be- 
tween actual research expenditure and the actual date the 
publlcatlon is reflected in the abstract ]ournal." Conceiva- 
bly, there could be other explanations such as an increase in 
the number of small groups of sclentlsts working on a greater 
number of prolects, tnus yleldlng ztore papers. Increased use 
of computer-aided data processing could result in more timely 
and more frequent puolications. Mayor scientific dlscoverles 
frequently lead to prollferatlon of related articles by many 
authors who recognize opportunities to expand on the first 
breakthrough. The slqple input-output approach does not yield 
this kind of information. To establish causal relations, 
other types of indicators are needed which are related to con- 
cepts and models of the research process. Furthermore, al- 
though we acknowledge the NSF letter's quote of the text of 
p. 38 in S176 with respect to publrcatlons In lndlvldual 
fields, we found two graphs In S176 that appear to contradict 
the text. Graph 2-18 (p. 64, S176) and the top graph of fig- 
ure 3-20 (p. 39, S176) clearly show "an unbroken Increase In 
the number of overall publlcatlons through 1975." 

Pages 43-45 (28-30) - OECD explains its approach to Gov- 
ernment R&D data collection on pp. 77-81 in the report Chang- 
ing Prloritles for Government R&D. The following excerpted 
paragraph {pp. 79-80) states the OECD approach: 

"An international organization attempting a 
retrospective analysis of obgectlves is restricted 
by the type of data avallable for the countries 
chosen for study. In prlnclple we have adopted 
the 'purpose' approach and have centred our analy- 
sis on the cnoment when the funds are committed, 
dlstrlbutlng expenditures on the basis of govern- 
ments' Intentions in supporting R&D programmes and 
Institutes. This nas, however, Involved a certain 
amount of 'assessment' of governinent motives on 
our part out we have attempted to keep it to a 
minimum. * * *II 

Page 45 (30) - This 1s precisely the point which we are 
making--due to categories vJhlch have different meanings for 
each country, the chart does not reveal the similar percent 
spent on development by Japan and tne United States. 

Page 52 (35) The text nas been changed by substltutlng 
"not aade adequate use" for "nade little use." 
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Page 52 (35) - de disagree with NSF. In 17 of 21 tables, 
we be1 leve that science and technology are incorrectly lumped 
together, Including 3 tables (6-15, 6-17, and 6-18) for which 
NSF belleves otherwlse. 

Page 53 (35-36) - &Je believe that the dlscusslon of demo- 
graphic groups in the text of this public attitude section of 
S176 is Inadequate. 

Page 56 (37) - We agree with NSF that Government sponsor- 
ship does not negate tne value of research and analysis. It 
1s unfortunate that an earlier draft of the report Implied 
this and we appreciate N$F pointing this out. This has been 
clarlfled in the text. 

Page 62 (39) - uJe appreciate that S176 includes some in- 
dicators dealing with where R&D is performed, where scien- 
tists and engineers are employed, and the fields of science 
for R&D. We believe that the SI series should further develop 
indicators with a broader pers$ctlve using concepts relating 
to the process of research and advances ln knowledge. 

(973150) 
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