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COMPTAGLLIN GERERAL OF THE UNITED 8TATES
WASHRQ TON, D2, 20540

B-164912

The Honorable William Proxnire
Chairman, Subcommittee on

HUD=-Independent Agencies
Committee on Appropriations
United States Senate

Dear Mr. Chairmans

Pursuant to your reguest of September 15, 1976, we have
prepared an independernt assessment of the NASA-commissioned
report entitied "The Economic Impact of NASA ReD Spending,”
issued by Chase Econometrics, Inc. In May 1877, we sent you
a draft copy of our report te assist you in your appropria-
tions hearings. Qur £inel report presents the sarme asgess—
ment along with NasSA's and Chase's comments. In general,
both agreed with cur conclusions.

As agreed with your office, we expect to release the
teport to the public in about 7 days.

Sincerely yours,

Comptroller General
of the United States
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REPORT OF THE NASA REPORT MAY OVERSTATE

COMPTROLLER GENERAL THE ECONOMIC BENEFITS

OF THE UNITED STATES OF RESEARCH AND
DEVELOPHENT SPENDIKG

The National Aeronautics and Space Adminig~
tration {MASA) contracted with Chase Eccno=
metrics Associates, Inc., to evaluate how
Government research and development spending,
particularly NASA's, affects the U.S. economy.

Chase's report "The Economic Impact of HASA
RSD Spending® concluded that this spending
produced many benefits between 1960 and 1974.
The study did not try ¢o0 evaluate how effeCe
tively NASA carried out its primary objge~
tives, such ag space exploration and satellite
communication. RNASA cited the Chase study in
itg 1976 appropriations hearings a&s evidence
of certain beneficial effects of research and
development,

The Chase study does not prove ceonvincingly
that the benefits are as l»vge as stated.
The study is usef.l as exploratory research,
but other types of studies are necessary to
provide a complete evaluation of NASA re~
search and development.

The most significant conclusion of the Chase
study is that "* * * a3 §] billion sustaineg
increase in NASA RsD spending will raise

real GNP $23 billion by 1984 # & % " Qf

this estimated increase, $21 billion would
result from improved technology =nd produc~
tivity, and the rest would result from in-
creased Government spending, which stimulates
spending in different parts of the economy.

Since similar increases would result from
Governnment spending on other projects, such
as welfare programs, the "multiplier effectg®
alone do not justify more NASA research ang
development spending. For this reason, GACU
focused on projected technological improve=-
ments.

1. Shest. Upon removal, the report ,
cover deig should be noled hereon, i PAD-78~18
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The Chage conclugions are guestionable from
three points of views

-=The results, even if accepted as accurate,
de not provide the type of information
needed to determine whether WASA's spend~
ing should incrcase or decrease. The
estinates are of average, rather than
incremental, effects. Therefore they do
not chow whether more spending for re-
gesrch and development would result in
as many benefits as before. Within
BASA's budget, the most productive or uvn-
productive projects or typeg of spending
have not been spelled out.

-=Bven if the Chase approach is sccepted,
the technigues used had certalin short-
comings. Plausible and seeningly minox
changes in the study’s assumpiions lead
to major changes in the results. Undex
gome of these alternatives, HASAE research
and develepment scemed to have no great
effect on productivity. Such sensitivity
to small changes in methodology indicaten
congiderable uncertainty in Chase's results.

--Bzsically, the results depend upon statig-
tical correlation between BASA research and
development spending and changes in a meas~
ure of gross productivity in the U.S5. eco~
nomy. No information om specific NASA proj=-
ects or on the adoption of new technigues by
private business ie used in the study. Be-
cause of problems in measuring total produc—
tivity in the econcmy and becouse other pos~-
sible causes of technolegical progress were
ignored, the correlations may not indicate
a true cause—andé-effect relationship.

Althougn the methodology of a particular study
may be gquesticnesd, the importance of evaluat-
ing WASA'e progrems is undiminished. WASA has
clearly been an important source of technical
progress in recent years.
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BECOMmZNDATION TO THE
ADHIKISTRAYCE OF NASA

Future avaluation studies should look at
gpecific innovationg, their effect on spe~-
ci€ic industries, and the process by which
NASA expenditures for research and develop-
ment improve productivity in the economy.
In other words, some of the more important
innovations, rather than the tetal budget,
could be examined, and individual techno-
logical improvements in individual indus-
tries, rather than gross national preoduct
figures, could be studied. GA&O believes
that scch studies would give the Congress
a more accurate picture of what taxpayers
are getting for their money.

MATTER FOR COWNSIDERATION
BY THE CONGRESS

Technical studies are freguently presented
to the Congress in support of agency bud-
gets and as evidence for or against pro~
posed legislation. When important ques-
tions are at stake, such studies should be
subjected to independent examination and
appraisal,

AGENCY COMMENTS

In general, NASA as well as Chase Econo-
metrics, Inc., agreed with our assessment
of the Chase report. (See ch. 5.}
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CHAPTER 1

INTRODUCTION

The Wational Aeronautics and Space Administration (HASA)
spent sbout $40 billion on research and development (R&D)
between 1961 and 1974, This represented 12 percent of total
R&D gpending in the United States during that period. Realiz-
ing that NASA's research findings could have wide gpplication
throuvghout the economy, the Congress directed RASA to "% % #
provide for the widest practicable and appropriate digssemina-
tion of irformation concer:ing its activities and the results
thereof.”

MASA®s findings have had countless applicationge-in
cardiac paceaakers, insulation materials, integrated cir-
cuits, gas turbines, and many more, Little is known, howe
ever, of t.oe magnitude of these "gpinoff® benefits to the
economy. Chage Econometrics, Inc., prepared a report “The
Economic Impact of NRSA ReD Spending® for NASA evaluating
these effects. The report concluded that NASA has a very
favorable impact on the econonmy.

We were reqguested to ®% % % evaluate the appropriate-
ness of the study's assumptions, its analytical technigues,
and the validity of its conclusions.®

SCOPE OF REVIEW

In making this review, we

--gnalyzed the Chase report and, for background, some
other NASA studies of R&D spillovers;

-~replicated some of the statistical analysis of the
Chase report to obtain certain measures of statis-
tical significance and to see how gensitive the
conclusions would be to changes in the basic assump-
tions; and

-=-gdiscussed the report with NASA and Chase officials,
and several other experts on the economics of R&D.



CHAPTER 2

TEE PROBLEM OF R&D EVALUATION AHD

BOW THE CHASE REPORT TRIES 70 SOLVE IT

THE PROBLEH OF EVALUATING
GOVERNMERT=SPONSORED R&D

The Federal Government finances research and development
in addition to that carried out by the private secter. The
usual reasons for private R&D spending are future sales and
profitability. Private firms tend to ignore benefits that
would accrue to other firms (unless they can receive royal-
ties) or to souciety as a whole. These are known as “spiil-
over® benefits. Alseo, private firms may emphasize projects
with short-term payoffs., Additional iiD spending by MASA or
other government agencies, it is argued, could provide bene-
fits to the Mation in excess of costs and thereby in some
sense increase total benefits to society.

This analysis is similar to that supporting government
regulation of pollution=-an individual firm may fail to con-~
sider the harmful results of its activities if it does not
have to bear the costs. Society may benefit by inducing the
firm to reduce the pollution it causes. The R&D argument is
the other side of the coin-=-that the government can increase
benefits to society by inducing the firm to carry out more
R&D or by doing the R&D itself.

The above argqument for government involvement is valid,
but it leaves the practical problem of deciding how much and
what type of R&D to sponsor. First, the benefits that can be
expected from the R&D must be estimated. There are many
types of benefits--new products, ygreater productivity, lower
costs~-~all of which are difficult to measure, Similarly,
there are many types of R&aD--such as medical, aerospace, and
electronic-~and analysis of aggregate R&D may not be very
helpful to government decisions in specific sectors, In any
case, predicting the results of any particular research ac-
tivity is difficult, Examining the results of past programs
may suggest productive new R&D ventures, but it will not
provide exact measurements of future benefits,

WHAT THE CHASE REPORT SAYS

The Chase study has three main parts corresponding to
the types of economic impact of R&D spending.
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S.crion 2: short-term economic impact. The NASA spend-
ing 1g direcced roward certain nich-technology industries
and naturally affects them more than ¢ther parte of the
economy. There are also short-term "multiplier® effects
of the spending., (hase reports that keeping the Federal
budget constant, while ghifting mo.e dollars to KASA,
would cause the gross national product (GHP) to increase
slightly as the dollars spent move through the economy.

Section 3: Long-run economic impact. The Chase study
says that NASA R&D spending affects technological prog~
ress and results in higher productivity in the economy.

Section 4: Macroeconomic impacts. Here, the estimated
improvements in productivity plus the multiplier effects
of hypothetical higher NASA spernding are a’nalyzed

together, using the Chase Econometrics Me model to
estimate effects on CGKRP, inflation, unear s ent, etc,
The study concludes that "* * * a $1 bill sustained

increase in NASA R&D spending will raise real GNP

$23 billion by 1984 * * *," Of this estimated increase,
521 billicon comes from technological progress and $2 bil-
lion comes from wultiplier effects of increased govern-
ment spending.

The results in section 2 are, in our judgment, reason-
able estimates, in accord with widely accepted economic anal-
ysis. These effects are small, however, and they are not
"benefits" in the strictest sense. Rather, they are measures
of induced increases in the level of economic activity. As
such, they are not crucial to deciding whether more or less
money should be spent on NASA R&D, bechuse similar effects
could be obtained by other forms of government spending--such
as defense procurement or cnergy R&D. Tax cuts are, of
course, a comparable alternative, although the size of their
impact may differ. Because the recults in section 2 are not
particularly controversial or critical to budgetarv decisions,
we do not discuss them further i this report,

The resuits in section 4 depend upon section 3, but they
are basically elaborations of th» macroeconomic effects of
section 2.

Section 3 is the heart of the Chase report because it
estimates economic benefits (in the form of iacreased produc-
tivity) as opposed to impacts on the economy (which may be
neutral rather than beneficlal). Government spending for
certain goods causes some 1ndustries to grow in relation to
other industries. Policymikers shouuld be aware of such



impactes, but such impacts are not necessarily & worthy goal
cf goverement policy. On the other hand, increased produce
givity in the economy i3 clearly beneficial. Therefore, the
remainder of ocur repsare desls with this importsant tepic.

BOW THE CHASE REPORT
HEAC oD TULLE COncLUstovs

Chage EBconometrics attempted to test the theory that BASA
®eD {(anong other factors) affects the rate of technological
progress in the U.S, economy. Testing this theory requires &
measuce of techmological change, 2 subject on which consider~
able ressarch hee besn done. The Chase study uses g produce
tivity measure based on o data gseries for “potentisl® Gre
developed by the Council of Economic Advisors., Potential GUpP
iz that which could be achieved if a1l labor and capital were
fully employed. Potential GNP has grown ateadily over the
vezre, partly becsuse of incresses in the svelilable quanti-
ties of labor and cepital. The ront of the growth of poten-
tial GNP Is the result of improvements in productivity: that
is, growth in the level of output per unit of input. The sta-
tistical messure of productivity erowth is @ residual factor--
it repregents increasss in potentisl GHPF rot due te increases
in the avalilable guantities of labor and capital.

The next part of the theory is that increases in produc-
tivity result from several explanatory variables:

--NASA R&D expenditure as a percentage of GNP.
--Other R&D expenditures as a percentage of GHP,

~=An index of "industry mix™ to measure the effect of
different rates of technolegical grovwth in different
industries.

-~An index of labor guality {for which no significant
statisticel effect could be identified).

~=An index of capacity utilization,

The Chase hypothesis is that {f this theory is true
(that these variables affect technological progress), then
an empirical test of the theory would vield statistically
sigrnificant results., That is, there will be & statistical
pattern of correlation between the “"causes® and the "cffect.”

It is logical to sssume that RiD will not affect tech-
nological progress as soon as the RsD money is spent, but

g ——
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will have a delayed effect spread over several vearg. Chase

ugez stetistical methods Intended to sllov for this delayed
effect,

Within this theoretical framework, there are many pose-
sible variations in statistical testing. For example, vari-
ables can be measvred in different ways, data from different
time pericds can be uged, and variables can be added, left
cu., ot combined in different ways. Chase experimented with
manv of these varliationsg, finally selecting a siatistically
eetimated equation that Chase believed best exupressed the
underlying theoretical consideraticns. Chase's “preferred”
equation supported the theory that NASA EsD haz had a sig~
nificant effect on technological proiress,.

FIT LR



CHAPTER 3

CRITIQUE OF THE STSEY}S ETATISTICAL FINDINGS

Bven if the Chase Zconometrics approach is sccepted,
certain statistical prebleme cast doubt on the results. In
replicating the statistlical anslysis, we found that plausible
and seemangly minor changez in the study's assumptions led
to significvant changes in the resulte. (See spp. I for
details.) Under some of these alternative assumptions, HASA
Here, as throughout this report, we take no position on the
actual magnitude of NASA's impact. The point is that the
great sensitivity of the Chase report resulis te small
changesz in methodology indicates considerable uncertalinty
in the Chage conclusions, We believe that the findings
should be insensitive to slight changes in the methodology.

The key number in the Chase concluszsions is the estimated
coefficient of NASA RED spending--the "HASA effect.”™ In
Chase®s "preferred equation,® this figure is estimated to be
0.428. Chasge's interpretation is that a $1 billion increase
in HASA R&D spending would eventuaslly increase the total
capacity of the U.8. esconomy by $4.26 billion. Another inter-
pretation by Chzse is that this represents a 43-percent rate
of return on investment in WASA R&D.

Thisg conclusion, if accepted, would indicat« an enormous
impact on the economy. The literal interpretation is that,
if NASA had spent nothing on R&D, productivity would have
declined in the United States between 1965 and 1974. That
igs, RASA R&D is given credit for all of the Nation's produc-
tivity growth, and more besgides.

Minor alterations in the Chase techniques, however, lead
to lower estimated values for the RASA effect. In some cases,
the estimated value of the key cosfficient is not much above
zero, which would indicate no discernible impact.

To investigate the sensitivity of the Chase results to
changes in some of the statistical assumptions, we replicated
the Chase statisctical analysis, Using the same data ard the
same basic statistical technigues, we estimated several dif-
ferent regression equations that we believed to be as plau-
sible as or more plausible than Chase's preferred equation.
{See app. II.)

T
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Qur results are summarized 83 follows:

1. Chase's preferred eguation uses data from 1989 to
1274, 1If data from 1858 to 1974 were used, the estimate of
the effect of NASA R&D drops 25 percent to 0.31@.

In general, using the longer perioed is preferable because

the larger the sample, the smaller the likelihoud of gpurious
correlation. The Chase report prefers the shorter period
because NASA R&D spending was negligible from 1956 to 1959,

We believe that including & period in which RASA spend-
ing vas negligible is advantageous because thig gives a wider
range of values to HASA R&D spending. To see why this is
worthwhile, consider the opprsite case: If NASA R:D had been
exactly, say, $2 billion each vear for 10 years, an examina-~
tion of data for that period would yicld no information on
the effect of changes in HASA Re&D, for ne changes would have

occurred. Only by including a variety of values in the sample

a

can the cause-and-effect relationship be observed and measured.

2. The Chase repeort maek: - certain adjustments for the
level of capacity utilization in the economy. Alternative
adjustments, which we consider superior, cause significant
changes in the main results.

3., Chase's preferred eguation does not include changes
in labor guality as a possible influence on productivity.
The Chase report noted that variables representing labor
quality did not significantly affect productivity. We be=~
lieve that labor quality should be considered in the statis-
tical estimation procedures. If it had, the estimate of the
"NASA effect” would have been about 33 percent lower for
1950~74 and 16 percent lower for 1956-74.

4., When we incorporate all of the changes we believe to
be improvements, the estimated value of the NASA R&D coeffi-
cient drops to 0.136~-~a fiqure less than a third as large as
Chase's estimate. Furthermore, the statistical measure of
gignificance falls to a level that can be interpreted as
“insignificant.” That is, in our equation the cbserved
relation between NASA R&D and productivity growth is in=-
distinguishable from a relation that might be observed by
chance between two unrelated data series.

We emphasize that this is not "proof" that NASA R&D has
no effect on productivity. But such findings cast doubt on
the Chase methodology.



5. Pinally, the Chase results may be guestioned because
of a statistical preblem called "multicollinearity.® This
problem cccurs vhen two variables that are supposed to affect
the dependent variable (in this case ®productivity®) are
ciosely correlated. In such a case, distinguishing between
the separate effects of the two varisbles is difficult. In
fact, HASA R&D iz highly correlated with other R&D expendi=
tures between 1960 and 1974, Thig correlation casts doubt
on the accuracy of the estimate of the HASA effect; it is
also largely responsible £or the sensitivity of the estimates
to slight changes in the assumpticns,

In statistical work of this type, there are many possible
alternative zssumptions. We reestimated the Chase egquation
making certain changes that we considered improvements to the
Chase approach. Qur estimate of the "HASA effect® was con-
siderably lower thaen that of the Chase study. Such results
do not, in any sense, prove that the RASA effect is zero; they
merely fail to identify such an effect.

At this stage, it is well to repeat that we believe that
HASA has had certain beneficial effects on the economy, but
that sucn effects are not well messured by the Chase method.

CONCY.ISION

The results of the Chase study are sensitive to plausible
and minor changes in the methodology. Underx some assumptions,
it could be concluded that NASA R&D had no significant effect.
We, therefore, con:lude that the Chase study does not suffi-
ciently substantiate its findings on the effect of NASA R&D
on productivity.

‘,.



e e et TR T ST I (T I EYII Byt wns,

e . e T S et

CHAPTER 4

CRITIQUE COF THEE STUDY'S BASIC APPROACH

PROBLEMS WITE THE STUDY'S METHODS

The basic findings of the Chaey pegnometrics study depend
upon statistical corxe%atloﬁ vetween NASA R&D spending and
changes in & MeasVIT ur productivity for the entire economy.
The data on inese two variables shows that NASA R&D reached
its highest levels in 1966-~68 and that the highest rates of
productivity change occurred in 19270=72. Since (in the Chase
preferred equation} the data studied covers only 1960 to 1974,
tnese two changes dominate the analysis and are responsible
for the correlation discovered. Indeed, extending the anal-
ysis to include data from earlier years weakens the findings.
Alchough this correlation may suggest a cause-and-effect
relationship, it should not be interLpreted as a precise
measure of the HASA effect,

Figure 1 shows the basic data series that Chase worked
with, {Other vaviables we2re also used in the analysis.)
Productivity growth is explained mainly by NASA R&D and by
other R&D, expressed as a percentage of GHF. As the graph
shows, productivity growth nas varied during the period
illustrated. A main conclusion of the Chase study is the
statistical correlation between NASA R&D and productivity
growth. The two data series are virtually uncorrelated with
each other, but this is plausible; it would probably take
sevcral years for R&D spending to affect productivity. Thus,
Chase determined that the peak in productivity growth (1371)
was caused by the peak in NASA R&D (arocund 1967),

The series on productivity growth has fluctuated ir-
regularly for as long as the data has been available--over
60 years. In this broader context, how reasonable is it to
accribe the latest upsurge in productivity almost entively
to an iancrease in NASA R&D? As mentioned in chapter 3,
including only 4 more years of data in the analysis reduced
tite estimated impact of NASA R&D by 25 percent.

Figure 1 illustrates two more aspects of the basic data:
--NASA R&D is a small portion of total R&D--about 12 per:
cent between 1961 and 1974. Yet t%is portion is held

responsible for all of the productivity growth.

--Other R&YD declined at about the same time that NASA
R&D increased. This creates the statistical problem,
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mentionad in chapter 3, that makes it difficult to
separate the effects of the two types of R&D.

In the Chase study, the main effect of NASA R&D is as-
sumed to be ralsing the level of productivity in the economv:
that is, increasing the total product (measured in dollars)
that could be produced with available labor and capital.

This does not directly measure the benefits resulting from
improvements in products, except insofar as consumers demand
fewer of the improved products and thereby release capital
and labor to produce more of other products. Similarly, the
value of new products is not well accounted for. If a new
and better product replaces an old product that cost the same
amount to produce, the GNP figures will not show the benefit.
These criticisms of the Chese methodology point up inherent
problems in using GNP as a measure of welfare.

The study does not use data on specific RASA projects
or on the adoption of new techniques by the private sector.
Rather, the data are on such an aggregate level that nothing
about NASA is measured directly except its budget. HMore in-
formaticn, we believe, could have been used to advantage. As
it is, the empirical work rests upon a theory--that more NASA
R&D will cause more growth in productivity--which has little
analytical support. Economists who have reviewed the study
have asserted that the process of technological change is
considerably more complex than the Chase study implicitly
assumes.

USEFULNESS OF THE STUDY'S REZSULTS

Granted that the Chase study has merit as exploratory
economic research, how useful are its results to the budget
process? Do the study's results, even if accepted as accu-
rate, provide the information needed to determine whether
NASA's budget oshould increase or decrease?

Any government program that produces a 42-percent rate
of return would certainly be worth continuing. This greatly
exceeds the average rate of return in the private sector.
Still, the occurrence of past spinoffs does not insire that
future spinoffs will occur at the same rate as hew and dif-
ferent R&D projecis are sponsored. New projects would still
have to be justified on their own merits.

Two aspects of the C(hase approa*h should be noted.
First,; the estimates of NASA's effect are average, rather
than incremental, amounts. Even if it is granted tha. NASA's
spending in 1965, for example, produced certain benefits, it

11



does not follow that increasing that vear®s budget by, say
20 percent, would have increased the benefits by 20 percent.
More likely, the increase in benefits would have been less
than 20 percent.

In any year. MASA considers many possible R&D projects.
If NASA pursues those it judges to be the most productive,
then increasing its budget would allow it to pursue one ¢t
more of those projects that it had previously rejected as
below average in prospective payoff. To state the same prin-
ciple of “diminishing returns® somewhat Gifferently, it is
likewise wossible that, even in a vear when NASA's projects
produced great benefits, a few unproductive projects cculd
have been eliminated, thereby reducing the budget without
reducing benefits,

In any case, efficient budget management reguires
project-by~-project evaluation. Whatever the merits of an
overview of the impact of the entire agency budget, such an
appreach misses this nsgcessary detail.

Second, when discussing the usefulness ¢f this approach,
one should keep in mind that much 0f the Chase report was
devoted to macroeconomic and interindustry impacts of NASA
R&D spending. Any form of government spending produces some
such effects, and the differences among these effects ara not
crucial to allocating public funds to a particular agency.

IN DEFENSE OF THE CHASE METHOD

The merits of the Chase approach stand ouc more clearly
when the alternatives are considered. Studying the effect
of NASA R&D on a totally disaggregate bagis involves many
problems:

--Assessing the impact of every NASA R&D contribution
would be prohibitively expensive, but choosing just a
few would not necessa:cily give an accurate picture.

~-Major technical innovations are spread through many
segments of the economy and their effects are not
felt for several years. It is doubtful that all of
the effects could be accounted for in studies of
individual projects.

The Chase approach at least attempts to measure the
diffuse effects, although not with total success. The Chase
study i3 not a definitive budget justification, but it is a
worthwhile exploratory approach to a difficult problem in
economics.

12
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Wo belleve that some compromise ig possible between the
Chase approasch and the project-by-project approach. This
would involve studying technical pregress in the industries
for which MASA R&D hasg been particularly important. HASA
officials sald some such studlies are besing considered.

RECOMMERDATION TO THE
ADHMIRISTRATOR OF HNASA

We recom that the Administrator see that future
evaluation st. si1es take a less highly aggregated approach,
That is, the researchers should

--analyze the process by which HNASA R&D expenditures
improve productivity in the economy;

--gtudy some of the more important innovations, rather
than the total R&D budget: and

-=gstudy individual technological improvements in par-
ticular indusiries., rather than GNP ficures.

This kind of research would not produce a single measure of
the total impact of all HASA ReD, like the 823 billion figure
given by Chase. Indeed, accurate and meaningful aggregations
of this kind may not even be feasible. But we believe that
the regults ¢f a number of disaggregated studies would give
the Congrers & more accurate and informative picture of what
taxpayers are receiving in return for their money.

MATTER FOR CONSIDERATION
BY THE CONGRESS

Tachnical studies are freguently presented to Congress
in support of agency budgets and as evidence for or against
proposed legislation. We believe that, when important ques-
tions are at stake, such studies should be subjected to in-
dependent exanmination and appraisal.
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CHAPTER 5

NASA AND CHASE COMMENTS

AHD CUR RESPONSE

We asked both NASA and Chage Econometrics to comment on
our report. In general, both agreed with ocur conclusions.
(See apps. III and IV.}

Some NASA comments leave the impression that ocur objec~
tion was merely over which of the altermative estimates is
the most acceptable and that the estimate we choge still
shows a high rate of return to MASA ReD spending. This is,
however, not our poing.

The logic of our analysis is z¢ follows:

-=-In chapter 4, we arague that the approach taken by
Chase will not answer the basic guestions. Produc~
tivity is a complicated function cf so many variables,
current and lasgged, that explaining it by a few vari-
ables will not provide meaningful information on
cauge-and-effect relaticnships. We doubt whether
statistical investigations of time secries data on GHNP
will ever measure the relation between R&D spending
and productivity with the precision sought by the
Chase study.

--In chapter 3, we assume, for the sake of argument,
that the approach taken by Chase is acceptable. We
conclude that minor respecification of Chase's pre-
ferred egquation to produce a more plausible model
results in a lower rate of return for NASA R&D on
the one hand, and the possibility of no NASA produc-
tivity effect on the other. 1In NASA's words, "the
variables selected may statistically interact to
cloud the validity of the resultg.” With the Chase
result {a 43-percent rate of return), chis is clearly
the case. Though the validity of our result (a
28-percent rate of return) does not suffer from this
particular statistical deficiency, it should not be
taken at face value either, for reasons cited in this
report.
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Septemer 15, 1976

Comptroller Generel of the United States

Genevel Accomting GEfice

441 G Strest, N, W,
Hashington, D. €. 20548

iar Elmer:

At the Appropriation hezrvings for fiscal 1577, before the Sub-
cosmitter oft Housing and Urhan Development and Indepondent fgencies of
the Cosmitioe on Agmopristions, NASA presentad 2o the Subcommittce, in

support of its budpst requsst, 2 study entitied:

*fhe Ecomomic Ispart

£ KASA RED Spending." This study, commissicned by KASA and perfovmed
by Chase Ecomometrics, Inc., concludsd that NASA RED spending has a sub-
stantial beneficial impact on the econcmy.

Although we find this study & useful input to cur hearings, we

would 1ike the GAO to make a carveful assessment of that study.

Tris

would give the mesbers of the Subcomittee an independent view of the
impact of NASA functions on the economy.

In your assessment of the study, we would like the GAD to
evaluate the eppropriateness of the study's assumptions, its analytical
technigues, and the validity of its conclusions.

For your report to be timely, we would like to have it available
to the Subcommittec before its Appropriations hearings that will be held

in February or MHarch of 1977,

While NASA comments might be useful, the

process of obtaining them should not delay the completion of the report

beyond the time thzt it is needed.
this request, please contact Mr. Thomas van «

WP:tvk

If you have any guestions concerning
Voopt of my staff.

Senate Appropriations Committee
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TECHNICAL APPENDIY TO CHAPTER 3

The Chase Econometrics "preferred eguation® was one of
many equations which were devised to determine the contribu-
tion of NASA R&D expenditures to the rate of technological
change. The coefficient estimates which Chase produced from
these eguations may be found in table 3.13 ¢a pages 87 and 88
of their report. Chase did not, however, present summary
staticstics of the range of error associated with coefficient
estimates in alternative equation forms. These statistics
describe the range of variability of the coefficient esti-
mates and measure the range within which ¢he true measure of
the effect probably lies, The range of error associated with
the Chase estimates of NASA R&D productivity effects in alter-
native equation forms ig particularly important in view of
the report's conclusions. We reproducea Chase's methodology
in order to determine the range of error associated with co-
efficient estimates for NASA R&D in alternative equation forms
that we believe are more plausible on both economic and sta-
tistical grounds.

Gur reproduction of the Chase methodology should not be
cecnstrued as an endorsement of a macrceconomic approach to
measur ing NASA~induced productivity changes. We are simply
examining the following probklem: If a macreoeconomic approach
is acceptable, how reliable are the cstimates of the HASA
contribution to the rate of technological change and how
sensitive are these cestimates to minor respecification of
equations or variables that procduce a more plausible model.

VARIABLES USED BY CHASE ECONOMETRICS

Chase used the following variables as proxies for the
rate of technological change and for theoretical influences.

Dependent variable

Gamma - Council of Economic Advisors rate of techno-
logical change based on trend, adjusted for
full employment of labor and capital resources.

Independent variables

HRDA - Almon weighted ratio of NASA R&D expenditures to
GNP.

OFDA ~ Almon weighted ratio of other R&D expenditures
to GNP,

16



APPENDIX II APPERDIX I1I

ORDC - Almon weighted ratio of other R&D expenditures to
GHP, weighted by a standardized measure of capac-~
ity underutilization.

IN-IH - Deviationes of a Chase-designed industry mix vari-
able frowm its mean. This variable is intended to
account for resource shifts from low-technology
to hign-technology industries and vice versa.

Cp-CB -~ Deviations of the Chase index of capacity utiliva-

tion from its mean.

AIE -~ Pirgt differences in an index of labor quality as
affected by education.

&IAS

Pirst differences in an index of labor quality as
affected by age-sex mix of the labor force.

Chase measured these variables over a period from 195%6 to
1874. They were intended to measure five categories of in-
Fluences on the rate of technological change, including

(1) labor quality, {(2) utilization of precductive factors,
(1) resource transfers which, when incorporated in high-
technology industries, may be expected to increase the rate
of technological change, (4) R&D expenditures, and (5) a
dynamic or lagged response of the rate of technological
change to increases in R&D expenditures. These determinants
seem sound on theoretical grounds and may include all possible
determinants.

RESULTS

Chase's preferred equation estimates the contribution cf
NASA R&D expenditures to the rate of technological change,
includes the capacity weighted other R&D variable {ORDC),
omits labor quality proxies ( AIE and AIAS), and includes
only observations for 1960 to 19374.

We believe that a more theoretically justifiable equa-
tion for measuring NASA~induced productivity changes would
include laber qguality proxies, an unweighted measure of other
R&D expenditures (ORDA}, since the capacity transformation of
this variable (ORDC} is gquestionable and leade ¢ very com~
plex interpretation of results. Also, we used observations
for 1956 to 1974, ’
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CGur results are wresented in table 2, The Chase results
for the Chase preferred eguation and for our prefevied egua=
tion are pregented ag equations 1 through é. These results
are followed by our estimates of those seme four eguations
(equationa % through %), Comparison of our results with
Chase's results ghows that we have very clogely reproduced
its methedolcgy for boath sample periocds.

Choice of sampling period

Correlatinn matrices for the variables we used in each
sarple period are presented in table 1. The correlation co-
efficient between the R&D variables that Chase employs in
its preferred equation for 1960 to 1974 is very high {0.517).
When collinearity is this high betwsen tws variables, sorting
out the separate effects of each is impnstible. Because of
this, thz ceefficient estimates that Chase presents in
talsle 3.13 of its report are very sensitive to minor altera-
tions in variable ¢r equation form. The correlation coeffiw~
cient between NRDBA and ORDC is, however, orly 0.267 for
1956-74, well within che range of acceptability. In compari-
sone of the matrvices for each sampling period, the correla-
tion coefficients between the critical pairings of R&D vari-
ablies and between B&D variables and other included variables
are more often lower over the longer sample period. The cor-
retation coefficient for NRDA and ORDA is higher during 1956
to 1974 than during 1960 to 1974, but it is within an accept-
able range. For these reasons, the longer sample period is
preferred, particularly for estimating Chase's preferred
squation.

Labor quality and otner influences

in our preferred eguation, NASA R&D enters without
statistical significance for either sampling period. The
coetficient on the other R&D variable is statistically sig-
nificant for our preferred sampling period. When the Chase
preferred equation for '960-74 is altered only by substitu-
tion of a noncapacity weighted other R&D variable for the
one Chase prefers, the cocfficient on NASA R&D drops from
D.428 to 0.25% for 1960-74 and from 0.31% to 0.227 for the
longer sampling period. The NASA coefficient remains statis-
tically sigarficant for both periods, however (equations 9
and 11). But the int-oeduction of labor qguality into these
cquations, thoush 1tself insignificant, causes the NASA co-
efficient to pecome statistically insignificant (equations 7
and d).

18
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When labor guallty prosies are introduvced into an
equation which is in 21l othor respectsz similar to the Chase
preferred eguation, the coefficlient on the HASA RED wariable
becomes insignificant for 1260-74 {equastion 18) but remaing
significant during the longer sampling perioed {(eqguation 12).
The result for 1960-74 is caused by the instability of the
HASA RED coefficient which results from the high intercor-
relation between the preferred KASA and other R&D variasbles
crring that period,

We reemphasize that our preferred eguation is egua-
tion 8. Labor quality is inciuded and, thus, the eguation
contains all Chase proxnies for theoretical influences.
Capacity utilization enters “on its own®™ and not combined
with an obscure transformation of the other R&D varieble.
In this eguation, the RASA effect is insignificant.

CONCLUSIONR

The Chase results are sensitive to both the manner in
which the estimating equaiions are specified, the sample
pericds, and the manner in which R&D variables are measured.
If KASA R&D spending has as strong an affect ag the Chase
study claims, then that effect should not be greatly altered
in a more fully specified and more thecretically defensible
equation.
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Table 2

Coefficient Estimates and Summary Statistics

Chase — — -2
results Const. NRDA ORDA ORDC IM-1M CP-CP & IB AIAS R_

Chase Pref -1.81 (.426) 074 031 =.157 .B83
1960-74 (2 ) (3.9} {(2.0) (4.5} ({3.1)

Chase Pref ~-.94 .318 046 028 ~,158 .883
1956-74 { 2 ) (5.4) (2.4) (4.3} {3.7)

Ga0 Pref 7 «179 .080 029 -.140 072 2.09 .88
1¢60-74 (?2) (2) ( ?2) (? ( 7)) ( 2 ) { 21}

GRO Pref ? 135 . 087 L0260 =,177 . 096 1.%7 .%0
1956-74 {2) {(2) { 2 ) (2) (?} { 2 ) ( 2 ) (72

GAQ results

Chase Pref =~1.74 .428 .074 .031 ~.157 .G85
1960-74 (1.52) (3.86) {2.04) (4.52}) (3.18)

Chase Pref -.60 .318 .046 029 -.158 . 304
1556~74 {1.33) (5.45) (2.40) (4.36) (3.77)

GAQ Pref ~-1.46 .178 .081 029 -,140 .072 2.09 .877
196(-74 { .52) (2.03) (.67} (2.95%) (2.05) { .20) (1.18)

GAQ Pref -1.48 .136 .087 026 =177 . 096 1.97 .897
1956-74 (2.21) {L.73}) (2.73) (3.97) (4.24) (1.57) {(1.82)

ALT -1.83 .259 . 102 037 -.124 .862
1960-74 (1.00) (3.26) {(1.32) (4.43) (2.58}

ALT - .71 . 287 2037 027 ~.134 .029 2.04 .B879
1960-74 { .49) (1.79) ( .78) (3.26) (2.32) ( .47) (1.21)

ALT - .89 .227 . 067 031 -.13¢9 .876
1856-74 {1.38) {3.14) (2.11) {5.13) {3.53)

ALT - .79 . 265 047 .024 =~-,173 .048 1.77 .891
1956~74 (1.71) (4.20) (2.53) (3.44) (4.02) ( .83) (1.59)

1.96
1.9%
1.80
1.72
1.75
1.83
1.83
1.70

") w)  wY e Emga

.34
.36
«33
.34
038
.35
.37
«33
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APPENDIX III

Nanonal Aeronauncs and
Space Administration

Washington, D &
20546

Rep's to Altn of W

Mr. R, W. Guimarn

Director

Progurenment and Systems
Acguisition Division

U.S8. General Accounting Cifice

Washington, DC 20548

Dear Mr., Gutmann:

APPERDIX ITZ

July 11, 1977

Thank you for the opportunity to comment on the draft
report entitled, "Review of *'The Econcmic Impact of

NAaSA R&D Spending’,” which was prepared by GAO's Program
Analysis Division purswvant o a request of the Chairman,
Subcomnittea on HUD-Independent Agencies, Senate Comaittee

on Appropriations.

NASA finds that the GAO analysis is well domne and does

not take issue with the results,

The enclosurs disgcusases

the most important differences between the GAO analysis
of the data used in this study and the Chase Econcmetrics
analysis, which are based on the art of interpretiny the

statistical resuits.

Sincerely,
z 2.

N S
Kenneth R,/Ehapmaa;'

~—Assistang Adminiscrator for
pOD and Ynteragency Affairs

Enclosure
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NATICHAL AERONAUTICS AND SPACE AMMIMISTRATION

COENTS O THE GAO DRAFT REPORT

ENTITLED “REVIEW OF °‘THE ECCHOMIC -
IMPACT OF RASA R&D SPERDING'Y

bt

&5

ogs IILS

The GAO finds that the Chase study doss not:

o Provide infommation useful to budget makers which
indicates the economic impacts of incremental
. changes in MASA R&D funding

o0 Pregent statistical results that are stable and
accurate within acceptable levels of confidence

© Reveal a true cause and effect relationship
between NASA funding and changes in total
productivity

But the GAO reccgnizes and believes that

¢ Ma3A has contributed significantly to the economic
productivity of the nztion

¢ The Chase study was valuable exploratory research
inte a difficult (and as yet) umnsolved problem

o It would pe valuable for NASA to continue doing
econcmic evaluations of its programs, partic-
ularly at a more detailed industry and specific
innovaticn level

The major methodological problem that the GAO had with the
Chase study was the sensitivity of the results to relatively
minor changes in the variables used for the recression
analysis. With this in mind, they re-created the data base
Chase used and re-ran the eguat.ions, testing for statistical
significance.

The most important differences b:tween the GAO analysis of
the data used in this study and the Chase Econometrics
analysis rest in che art of intervreting the statistical
raesults. Chage chose a regression eguation which when
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analysed ghowsd a 43 percent rate of return to MASA R&D
funding. 3In thelr preferred eguation the *NASA RaD" vari-
abls was statlistically significant. The GAO chose an
eguation that Iincluded the gresatest number of euplanstery
variables at the exvonse of the skatistical reliability of
the "NASA R&D" varieble. They alsoc used a longer time
span which included a period wichout HASA spending as well
as the period of heavy NASAR fuading which Chase had wmainly
emphasized. Interprating the regression eguation that the
GAO prefers (which vas one of the many egquations Chase had
analysed and reijected) vields a 28 percent rate of retum
tc NASA R&D. This result iz still well within a range of
economic returns that can be considered very good invest-
ment of government R&D funds. )
NASA accepts the GAO critigue and its conclusions as being
constructive, accurate, and objective. We agree that the
data contain some inherent measuretient problems and that
the variables selscted may statistically interact to cloud
the validity of the resvits,

NASR recognizes that empirical neasurement in economics ia
an irestact science and that the specific maguitude of the
results of the Chase study is rnot as important a finding

as the direction and the approximate range of returns. The
GRO analysis dous not chaige the basic conclusions of the
Chase study. Their discussion tends to reinforce those cone
clusions since their data indicate that between 1966 and
1874 NASA has (when NASA funding was having its full effect)
contributed to productivity about 26 percent as much as all
other R&D combined. 'This can favorably be compared to the
fact that NASA in those same years was funding only 12
percent of all of tke R&D investment in the nation.

HASAE agrees that the macroeconomic apprcach to economic
evaluations of impacts has limitations. The GAO points
these out, but also recognizes that the alternatives to
providing similar pelicy conclusions are not feasible.
They are also aware that the Chase approach is based on
gtandard and supportable economic theory.
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Rask £inds ¢hat the G0 analysis &g woll dona and does not
take lssue with their results. %Thelr suggestions for fur-
ther snalysis have haliped in the planning alvsady undemvmy -
within A28 for g@iu@ sore datailed mizrezconenic and
maez@%ceﬁﬁai@ studies, wvhich will improve oz the past
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Hatheniol B, Cohon
Uizector, Of£fice of Fslisy Am&lyeba




S T

aPPENDIX IV APPENDIX IV

sl

X :‘;ﬁ‘u’_ o, - s
soramelie Assacizizz e

a Subsidiery 6f The Chear Menhatton Bonkt, KA,
B35 City b.0ns Avenus, Bels Cyrervd, Ponrarivenls 10955 (296) 0477530 Telex: (31600

poss

June 14, 1977

Mr, Harry S. Havens

Director

Program Analysis Division

United States General Accounting Office
Washington, DC 20548

Dear Mr. Havens:

Thank you for your letter of Jume 1 znd the sccompanying draft of
your report entitlied “Review of 'The Ecomomic Impact of NASA RED
Spending.'"

I have read your review and must say that I find it to be fair to
all sides concerned. We did experiment with some 60 different regres-
-sion equations and found that the critical coefficient of NASA RED
spending did not vary es much as you have indicated. However, I would
certainly not rule out the fact that it is possible to choose other
combinations of veriables in that regression, although you did not list
these specifically,

I appreciate your giving me the opportunity to review this draft.

Sinceraly yours,

suttat K. équwda
Michael K. Evans

MKE :mhr

(97136)
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