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The National Science Board’s Science Indica
tors reports are collections of measures
which attempt to portray significant trends
in the condition and direction of US
science and technology Development of
these indicators 1s a very complex and diffi-
cult task, and the art 1s still in an early stage
of evolution

The National Science Board and the Nation-
al Science Foundation staff should continue
to experiment In the Science Indicator series
by developing and testing new indicators
They should emphasize a more conceptual
approach which first identifies what will be
measured, and then generates the appropri-
ate data Attempts should be made to devel-
op indicators of the process and substance
of research and to better differentiate be-
tween science and technology More interpre-
tation of the meaning of indicators should
be included in future reports
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Dear Mr. Chairman:

As part of the Special Study on Economlic Change, tne
past Chairman of the Joint Economic Commlttee, Representa-
tive Richard Bolling, asked GAQO to review the measures used
to i1ndicate the state of U.S. science and technology. This
report examines the measures presented in the biennial
National Science Board's Science Indicators (SI) reports,
with emphasis on S176, the most recent edition at the time
of tnis study. GAQ reviewed the indicators 1in SI76 to de-
termine their validity, their limitations, and possible im-
provements 1in their selection, design, and interpretation.

The subject studied in this report concerns many legis-
lators. Accordingly, we are sending this report to several
other 1interested congressional committees.

Coplies are also pelng sent to tne Director, Office of
Management and Budget; the Dicector, Office of Science and
Technology Policy; the Director of the National Science
Foundation and the Chairman of the NMNational Science Board:;

and the Departments of Commerce, Defense, Energy, and Gtate.
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COMPTROLLER GENERAL'S SCIENCE INDICATORS:
REPORT TO THE IMPROVEMENTS NEEDED IN
JOINT ECONOMIC COMMITTEE DESIGN, CONSTRUCTION,

AND INTERPRETATION

BACKGROUND

The Joint Economic Committee requested, as
part of their Special Study of Economic
Change, that GAO examine the measures used
to i1ndicate the state of U.S. science and
technology. To do this, GAO reviewed the
National Science Board's biennial Scilence
Indicators reports (particularly Science In-

they contain measures which attempt to por-
tray significant changes 1n the state of
science and technology. These measures are
potentially a valyable resource 1in Federal
decisionmaking. “Indicators in the 1976 re-
port were examined to determine their va-
li1dity, their limitations, and possible im-
provements in their selection, design, and
interpretation./

The development of science and technology
indicators 1s extremely difficult for many
reasons, including: the complex nature of
science and technology, the diverse and per-
vasive way both interact witn society, and
primitive understanding of the processes and
linkages involved. “These 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 these overall problems, the
S3cience 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) wnhether technology should
recelve as much coverage as science., From
the different statements (which to Zome ex-
tent i1ndicace changes 1n perspective with
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time and experience), GAO distilled a common-
denominator purpose: the reports should guan-
ti1fy as many of the dimensions of both sci-
ence and technology as 1s feasible, with a
view towards i1dentifying significant trends
and developments, 1nterpreting possible cau-
sal relations, and analyzing their possible
meaning for the condition and direction of
science and technology in the United States.

GENERAL PROBLEMS WITd 1976 REPORT

The i1mplicit model of science and technology
inferred from the selection of indicators 1in
the 1976 report 1s too narrowly based on the
notion that science and technolojy are direct-
ly related by cause and effect and are to
serve socletal needs exclusively. This simple
input-output approach does not sufficiently
differentiate science from technology and views
these activities only 1n terms of economicC re-
sources and tanjible products. It leaves out
both the process of scientific work and the
suostance of scientific knowledge (pp. 138-23).

ﬁf/ma]or limitation of the 1976 report 1s lack
of interpretation of the meaning of the indi-
cators. This 1s at odds with the purpose of
the report and limits 1ts capapility to de-
scribe the state of science and technology;,

DIFFICULTIES WITd PARIICULAR INDICATdkS

Some 1ndicators i1n the 1976 report are 1mprop-
erly conceived and need to be reworked (p. 23)
Tnere are measures without proper conceptual
development, some of wnicn nave been poorly
constructed oy uncritical adoption of economilc
indicators (e.g., research and development Ji-
vided by the gross national product (p. 25).
Indicators oased on patent data, 1.e., declin-
1ng rates of U.S. 1industrial patenting versus
that of foreign corporations 1n tne Unitel
States, nave little value due to 1ncorrect as-
sumptions apout industry's incentives towards
patenting. The Science and recnnolojy Annual
Report provides more realistic 1indicatdrs using
similar Jdata (pp 27-28)

Otner appropriate and 1mportant indicators were
underused 1n the reports, or their limitations
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were not spelled out sufficiently. Indicators
on technological innovation seem well-made and
reveal significant information about the 1inno-
vation process, but they have underlying limi-
tations which need to be made explicit (p. 30)
GAO believes the 1976 report was too conserva-
tive 1n 1ts use of bibliometric data which 1in-
volves counting both tne number of publications
in a given field and the number of citations to
certain publications. Bibliometric data seem
to have much potential for measuring both the
process and the substance of science although
they also have i1mportant limitations (p. 32).

The puplic 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 scientific "pub-
lic"; and (3) making all questions evaluative

(1.e., based on good/bad distinctions)(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 1in de-
signing 1indicators which first i1dentifies what
will be measured, and then generates the ap-
proprlate data.

--Include overall interpretation of the mean-
ing of the 1ndicators without emphasizing
short-term topical policy 1issues.

--Consider alternative indicators suggested by
GAO.

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

--Attempt to more clearly differentiate sci-
ence from technology and develop distinc-
tive indicators for each.
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--Consider whether sufficient resources are
avalilable to perform essential researcn and
experimental development of new and improved

indicators.

AGENCY COMMENTS

Tne National Science Foundation reviewed a
draft of this report and provided lengthy com-
ments. The full text of the Foundation's com-
ments and GAQO's responses are 1n appendix II.

The Foundation noted that GAO's report 1s based
on an analysis of the 1976 report and that
many changes, consistent with GAO's recommen-
dations, have been made 1n the 1978 volume,

due to be released scoon. Other key comments

were:

--It 1s very difficult, and possibly not cur-
rently feasible, to develop models of sci-
ence and technology on which to base the
selection of indicators. Furthermore, 1n-
dicators which are 1ndependent of the choice
of a model may be the most useful ones.

~--Science 1indicators used are generally based
on definite concepts. Frequently multiple
concepts are reflected by a single indica-
tor or a combination of indicators.

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

GAO believes 1t 1s important that indicators
be selected accordiny to a variety of explic-
1t, experimental models 1in order to gain a
broad perspective of science and technology.
Additionally, a conceptual approach to indi-
cator Jdevelopment should be emphasized. Some
of tne existing concepts used by the Founda-
tion are too broad and should pe redefined.
Finally, GAO Jdoes not agree that tne Founda-
tion has adequately separated science from
technology, particularly in the chapter on
public attitudes in the 1976 report.

1iv



DIGEST

CHAPTER
1

2

4

Contents

INTRODUCTION

Scope of GAD review

Terminology

Background

Science and technology indicators
The use of indicators

GENERAL THEOQRY OF INDICATORS

Limitations of the process of
of measurement
Indicators: a working definition
Approaches to indicator construction
Problems and possibilities 1n overall
interpretation of indicators
Evaluation of indicators
Other relevant background reading

CRITIQUE OF SCIENCE INDICATORS 1976

Specific difficulties 1n measuring
science and technology
Stated purposes of Science Indicators
Problems with the models of science
and technology inferred from SI76
General limitations and problems
with 1ndicators
Limitations and problems with specific
indicators
R&D/GNP
Patents
International comparison of
Government R&D expenditures
Innovation
Bibliometric data
Public Attitudes Survey
Conclusion

SUGGESTIONS FOR IMPROVING SI76 AND FOR
DEVELOPING ALTERNATIVE INDICATORS

General suggestions
Alternative 1indicators

Page

A W

[%)]



CHAPTER

5

APPENDIX

I

I1

NSF

OECD

OMB
OSTP

NASA

3SRC

STAR

Page
CONCLUSIONS AND RECOMMENDATIONS 48
Purpose of the reports: SI,

STAR, and Five-Year Qutlook 43
Recommendations for improving

Science Indicators 50
Statements of purpose for Science

Indicators series 52

NSF comments and GAO responses 57

ABBREVIATIONS

American Association for the Advancement of
Science

General Accounting Office
National Science Board
National Science Foundation

Organization for Economic Cooperation and
Development

Office of Management and Budgjet
Office of Science and Technology Policy
National Aeronautics and Space Administration

Science Indicators (the two digits following

SI indicates the year of the report, e.g.,
S§I76 1s Science Indicators 1976)

Social Scilence Research Council

Science and Technology Annual Report




CHAPTER 1

INTRODUCTION

For 1ts "Special Study of Economic Change,"” the Joint
Economic Committee requested the General Accounting Office to

"k % % (1) assess the validity of the data bases
and 1nterpretation of the surrogate measures used
to measure the gquality and vitality of U.S5. sci-
ence and technology; and (2) in particular critique
Science Indicators and related reports dealing with
the matters mentioned above."

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

SCOPE OF GAO REVIEW

Science Indicators, 1976 (SI76) is the main focus of thais
report., 8176 (published in February 1978--several months late)
1s the third and most recent of the biennial science 1indicator
reports published by the National Science Board (NSB). (In re-
sponse to congressional mandate, NSB has published an annual
report on 1ssues 1n science and technology since 1969. The
Science Indicator series began with the publication of SI72 1n
1973 and has been published as NSB's annual report for each
odd-numbered year, alternating with reports on more topical
1ssues.,) Some attention 1is 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, 1s the Five-Year
Qutlook report which is scheduled to appear in January 1980.
These reports (SI, STAR, and the Five-Year OQutlook) presumably
will give Congress a thorough description of the current state
of U.8. science and technology.

Qur critique of the SI series, particularly 8176, 1s
based on comments and suggested improvements found 1in relevant
literature and interviews with officials from NSF, OSTP, con-
gressional staffs, and other organizations that use Science
Indicators.,

TERMINOLOGY

The terms defined below are offered both as a glossary
for this study and as suggestions for future common use.
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for, or a partial description of,
some empirical aspect of a phenome-
nen.

Indicator - A measure selected for elucidating a
particular concept. For a full dis-
cussion of this term, see page 7.

Concept - An 1dea or notlion of some intangible
social phenomenon or activity; such
as poverty, intelligence, inventive-
ness.,

Model - A description of reality that removes
the most important parts from 1t and
reassembles them for easier understand-
ing, analysis, and manlipulation. Theo-
ries are consldered highly complex and
explicit models which attempt to de-

fine i1nterrelationships and causation.

Interpretation - Explanation or descriptions of various
trends or interrelationships derived
from data.

Evaluation - Judgment concerning the significance,
deyree, condition, or validity of data
and trends and thelr interpretations.

BACKGROUND

The development and use of science and technology indica-
tors are part of a movement to quantify and thus more clearly
defirne, understand, and measure social conditions and trends.
Beginning with economic 1indicators, quantification now in-
cludes social i1ndicators, which have been used 1n a varlety
of ways, including social and environmental impact assessment.

The impetus for creating economlc indicators began wilth
the desire to measure the extent of various economic problems
during the Great Depression. Initial studies were made,
biases and conceptual proolems were slowly uncovered and re-
solved, and more reliable measures were developed. This pro-
cess took a lonyg time (at least 19 years for reliable unem-
ploynmnent measures, for example), and much conceptual work was
necessary before reliable indicators were devised to satisfy
a perceived need.
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The 1dea for charting social trends began with a presi-
dential committee that issued a report in 1933 entitled Recent
Social Trends. This report, and similar efforts in the fol-
lowing years, had little affect on policymaking. Most social
sclentists attribute the recent social indicator "movement"
to a National Aeronautics and Space Admlinlstration-sponsored
study by the American Academy of Arts and Sciences completed
an 1967. Social indicators are still relatively new, al-
though their use and importance continue to 1ncrease. As
with economlic indicators, esperimentation over time has been
elemental to the success achieved thus far.

SCIENCE AND TECHNOLOGY INDICATORS

Present indicators and other measures of scilence and
technology began with NSF's collection and publication in 1953
of periodic surveys on "the funding and performance" of re-
search and development (R&D) i1n the United States. In 1968,
the Congress mandated an annual authorization for the NSF bud-
get, rather than the continuing authorization which NSF had
been under since 1ts formation in 1950. The legislation (P.L.
90-407) also required an anrual report from NSB, the "corpo-
rate poard" of the Foundation. The annual report was to be

"k * * on the status and health of science * * *
[and] shall include an assessment of such matters

as national scientific resources and trained manpower
Kk % n

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

The Board, mainly on the initiative of one of 1i1ts mem-
bers, Dr. Royer Heyns, decided tnat assessing sclence would be
well-served by including some form of measures. Therefore,
for 1ts fifth annual report, NSB published Science Indicators
1972, the first i1n a series of experimental biennial data
books which have been published 1in alternate years with the
other topical Board reports. Each year the amount of data
has 1ncreased as the NSF staff has experimented with new in-
dicators. The fourth in this series, SI78, 1s scheduled to
be published in tnc £211 2f 1979.

The Congress has also expressed an interest in an overall
assessment of science and technoloygy by establishing 0OSTP and
by mandating two reports--a Science and Technology Annual Re-
port (STAR) and a Five-Year Outlook (P.L. 94-282, May 11,




1976). These reports were to appraise U.S. science and tech-
nology in relation to national goals. This appralsal was to
include two aspects related to the use of science and tech-
nology: (1) how science and technology could contribute to
the resolution of present societal problems; and (2) how
problems specific to thne scientific enterprise could hinder
the future contribution of science and technology.

The use of indicators

Quantitative measures and 1indicators 1n science and tech-
nology policy have a variety of uses, mostly as "background
information" for setting policy and as evidence for evaluating
perceived problems and 1ssues. According to a broad survey
by NSF, 1/ 1its science and technology statistics are used to
varying degrees 1in setting budgets, drafting legislation,
planning and administering R&D programs, and monitoring trends
of particular 1nterest. The NSPF survey listed the following
as decisions which were influenced by science and technology
statistics:

-—-reversal of the decline i1n Federal basic research
funding,

--development of Federal sclence programs aimed at
women and/or minorities,

--stimulation of industrial R&D funding and attempts to
shift the distribution of R&D funding among academic
and 1ndustrial institutions, and

--1ncrease 1n Federal allocations of funds for energy
R&D.

The foregoing list suggests the scope and significance of
the public policy 1ssues that science and technology 1indica-
tors help clarify. Because these 1ndicators are tools 1in the
Federal decisionmakling process, 1t 1s 1mportant to determine
their validity. Valadity 1s the most important aspect of 1in-
dicator evaluation, and 1t is a function of how the indicators
are constructed. Chapter 2 examines the theory and construc-
tion of indicators and how to determine their validity.

1/"Report on the Inquiry on Uses of JISF Data and Studies,"
National Scilence Foundation, Division Of Sclence Resources
Studies, May 1978.



CHAPTER 2

GENERAL THEORY OF INDICATORS

General considerations of the measurement process are
used to construct a working definition of an indicator as a
particular type of measure. For this report, the term "indi-
cator" refers to a measure or set of measures aimed at eluci-
dating any type of social phenomena. Therefore, science in-
dicators are consldered a subset of social i1ndicators.

LIMITATIONS OF THE PROCESS
OF MEASUREMENT

Empirical measurement has long been regarded as inherent-
ly objective, yielding factual information that can help man-
kind understand the nature of the physical universe. Keplers'
statement that "* * * the mind comprehends a thing the more
correctly the closer the thing approaches toward pure quantity
as 1ts origin," 1/ and Lord Kelvins' well-known belief that if
something cannot be quantitatively measured 1t cannot be un-
derstood, are but two examples of this traditional faith.

Social scientists have recently emphasized that a measure
1s a numerical surrogate or substitute for some empirical as-
pect of a phenomenon such as dimension, mass, population size,
or expenditures. Quantitative measures alone offer only a
a partial definition of phenomena. Quantification 1s a cru-
Cclal limatation 1n the realm of social measurement because the
complexity of most social interaction and change can rarely be
understood purely 1in terms of quantifiable parameters. Yet,
because duantitative measures are expressed in abstract sym-
bols which can be easily manipulated and configured 1n a
model, they hold considerable power for a variety of analytic
purposes.

The measurement process 1s also inherently limited by the
inevitable human selection of both the phenomena to be meas-
ured and the type of data considered relevant to the purpose
of measurement effort. Selection, then, 1indicates the degree
to which a model (or theory) 1s explicit or implicit--and the

1/G. Holton, "Can Science Be Measured," in Toward A Metric of
Science: The Advent of Science Indicators, R. K. Merton,
et al, eds., (1978), pp. 39-69.
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relative importance of certain pnenomena and the appropriace
ways of measuring them. 1/ When the purpose of the measure-
ment effort 1s vague or poorly understood, the utility of the
model(s) used may decrease.

For measuring an area as little understood as the sci-
ence and technology enterprise, multiple models are needed
to insure that as wide a spectrum of phenomena as possible
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is included. Gerald Holton expresses this when he says:

"There are * ¥ * reasons for welcoming the admission
of a diversity of models and of corresponding indica-

4= m
tors. One 1s that in the absence of conscious plural-

1sm, one theory 1is likely to establish itself or, at
least, discourage the others. * * * The absence of
any expllclt theory to guide the making and use of

R . o~ Yim e P Vo W BN 1Y
indicators may not pe good; but the adoption of a

single one 1s likely to pe worse." 2/

Different views or models of science emphasize and at-
tempt to measure different aspects of science. An economic
approach concentrates on immediately quantifiable resources
and results; a philosophical view emphasizes the progress and

evolution of scientific knowledge; a sociological perspective

d-
might place scientists at the center of concern and examine

their dct1v1ty and their yeneral cognition of the world; a
scientist's view might focus on the contemporary substance of

sclence and the state of scientific knowledge, including 1its
2Aduvancaa and frontierg Each of these perspectives adds to
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the variety of measures needed for assembllng an accurate,
comprehensive portrait of science and technology.

1/See for example A. Kaplan, The Conduct of Inguiry (San Fran-
cisco, 1964); T. S. Kunn, The Structure of Scientific Revo-
lutions (Chicago, 1962); and S. Toulmin, Human Understand-
1nyg The Collective Use and Evolution of Concepts (1972).

2/Holton, op. c¢it., pp. 56-57. See also relevant discussion
in F. M. Andrews and S. B. Withey, Social Indicators of
Well-Beinyg (New York, 1976), chapter I.




INDICATORS: A WORKING DEFINITION

In the literature on social measurement, there 1s sub-
stantial variation in the definition of a social indicator. 1/
This report does not attempt to provide a final definition,
but rather 1t attempts to develop a notion of indicators which
1s useful for understanding their construction and evaluation.
It 1s worthwhile to examine indicators not 1n terms of what
they are, but of what they do. The following are two examples
of how measurements become indicators.

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

2. The number of patent applications i1n a particular
field of industry over time 1s a measure. If seen
in light of the concept of "inventiveness," the
numpber becomes an indicator.

In each case, the empirical measure becomes an indicator
only when seen i1n reference to a concept of some social phe-
nomenon or activity. Indicators do not define the concepts
of the phenomena, but act as surrogates pointing to or re-
flecting some aspect of them. An indicator 1s a special kind
of measure, one that has a special meaning due to 1ts refer-
ence to a specified concept. Common examples of such concepts
are "poverty," "unemployment," "pirthrate," and "gross nation-
al product." These concepts can be measured in many ways, but
the validity of the measure (and consequently the data used in

the measurement effort) depends on how well the measure fits
the concept.

1/Andrews and Withey, op. cit. See also R. A. Bauer, ed.,
Social Indicators, (1966), pp. 1-68; B. Cazes, "The Develop-
ment of Social Indicators: A Survey" in A. Schonfield and
S. Shaw, eds., Social Indicators and Social Policy, (London,
1972) , pp. 9-23; guality of Life Indicators, Environmental
Studies Division, Office of Research and Monitoring, Envi-
ronmental Protection Agency, (1972), pp. 1-15; and M. Burge,
"What 1s a Quality of Life Indicator®", Sociral Indicator Re-
search, vol. 2, no. 1, June 1975,




APPROACHES TO INDICATOR CONSTRUCTION

The gyeneral construction of indicators con51sts of two
basic approaches: the "theoretical" and the "empirical." 1/
The former starts with an explicit model or theory as the
basis for choosing concepts, which are in turn used for select-
1ng measures. The latter attempts to find data for indicators
wlthout reference to theory or concepts in the belief that
these w1ll pe derived from the chosen measures., Such indica-
tors are called "operational." Note that when using either
approach, the model(s) that 1inxtially guide the collection
of the data will pe transferred to the indicators using that
data.

The benefits of the theoretical approach appear to
stronyly outweigh the penefits of operationalism when 1t comes
to evaluating and thus validating tne i1ndicators. Qur discus-
sion treats these two approaches separately. In practice,
both are used 1n a single, broad effort to develop indicators.

Assigning a particular measure to a concept of some so-
cial trend or activity necessarilily involves assumptions. An
example might be to use low income as an indicator of "pov-
erty."” Such an indicator 1s based on a particular definition
of poverty that either sees 1t strictly 1in 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, 1t 1s essential to ve aware of such assumptions
when the validity o0 wua 21idrcator like income 1s being evalu-
ated. One might note that many nonurban, low income families
are healthy and quite content with their way of life. Thus,
for nonurban families, lncome mlght have low validity as an
indicacor of "poverty." However, 1in urban areas, this indica-
to:. might have high validity. The assumptions underlying a
concept determine the possible measures and thus must be the
focus of any attempt to make the indicator comprehensive.

1/Much of the following discussion 1S adapted from de Neuf-
ville's treatise concerning indicator construction and de-
s1gn, and the relationships between models, concepts, and
measures. See J. I. de Neufville, Social Indicators and
public Policy: Interaccive Processes of Design and Appli-
cation, (New York, 1975).




As demonstrated by the development of economic indica-
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 implicit, and thus limits
the usefulness of the indicators. Evaluation of operational
indicators 1s therefore more difficult because the assumptions
are i1mplicit (hidden) and must be uncovered.

There 1s also a tendency to believe that since the con-
cept 1is derived from data, 1t has high validity and that 1its
assumptions are not significantly limiting. Operational indi-
cators often use the most reliable data available or that can
be collected. Nevertheless, such data do not insure the va-
1dity of the indicator. To reiterate: It 1s how well the
data fit and measure a relevant concept that determines the
indicator's validity.

A good example of an operational measure 1s 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 explicitly modeled or defined
for the original tests, and 1t remains vague and undefined to-
day. The recent controversy over the racial and cultural bi-
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 operationalism 1s that basic assumptions remain implicat,
and when this 1s the case, the validity of the indicators can-
not be determined.

There are three main strategies for measuring a single
concept: (1) single indicators, (2) combinations of sevaeral
measures 1nto 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 laife," often require a variety of measures and may
involve both indexes and multiple indicators. There 1s thus a
definite need to consciously match the strategy of indicator
design to the scope of the concept beiny measured.



PROBLEMS AND POSSIBILITIES IN OVERALL
INTERPRETATION OF INDICATORS

One of the long-term yoals for developing social indica-
tors 1s to use them as a framework for interpreting the condi-
tion and direction of society. Without the advantayes of
well-established theories or models, however, general inter-
pretations about society are difficult. When many diverse
models are used to formulate theories about social phenomena,
they will yield a variety of data interpretations. Diversity
and variety have values because they reveal agreement and con-
flict as to indicator meanings. Where consensus 1s shown to
ex1st, the interpretations are useful for making policy deci-
sions. But when conflict 1s apparent, the interpretations of
the data should pe applied with caution until greater under-
standing 1s achieved.

On the other hand, 1f data are collected for only one
model, the scope of the soclal concept being modeled i1s likely
to be too limited. Even i1f the indicators are valid (because
the data fit the concept), they will probably be too narrow to
provide interpretations that are meaningful for policy forma-
tion.

For general interpretation, an explicit model (or models)
has several advantages: T

1. It spells out the limitations of both the initial
selection of concepts and the interpretations of
the 1ndicators.

2. It helps improve and develop more comprehensive
theories by revealing where current models are
strong and where they are weak. 1/

3. It provides a framework for "weighting" certain
indicators, i.e., judging their relative siynifi-
cance,

l/de Neufville, op. cit., p 65. For relevant discussion on
the i1mportance of first defining concepts see also The
Quality of Life Concept A Potential New Tool for Decision-—
makers, Environmental Studies Division, Environmental Pro-
tection Agency, (1972), pp. 1-35; pocial Indicators 1973, A
Review Symposium, R. A. Von Dusen, ed., Social Sclience Re-
search Council Publication, (1974), and especially Kaplan,
op. ¢it., chapters II and V.
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4. It helps reveal those indicators that have cross-
model "weight." Such indicators are esseatial tc
any comprehensive model and are sultable candidates
for general acceptance and institutionalization.

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

Ideally, the design and construction of indicators begins
with an explicit recognition of both the purpose of the indi-
cators (why, how, and where they are needed) and the cholice of
model or models. Following recognition and choice, initial
concepts are chosen and loosely defined before the actual

measures are sought. Finally, after data are collected and
formed into indicators, the concepts are reviewed and their
definitions are refined along with their underlying assump-
tions. Over time, measures, concepts, and models are continu-

ally reevaluated to improve the indicators.

This theoretical process of constructing indicators ap-
pears preferable., However, in reality, the large and continu-
ally growing reservolr of usable data that has been collected
for purposes other than for the design of specific i1ndicators
wi1ll probably be used when indicators are formulated. Indeed,
1t would be wasteful to recollect any of i1t. Consequently,
there wi1ll be an winitial tendency towards using these data--
l.e., towards operational indicators--"because 1it's there."
This type of data collection will incorporate an unplanned,
implicit model(s). If this 1s not recognized along with the
underlying laimitations (1.e., what the model does not cover),
the perspective on what future types of measures might be

1/As Dr. deNeufville has stated:

"It 1s only self-deception to think that by not
making the choices explicitly we are somehow being
Objective. We are simply replacing our judgment
wlth chance or someone else's judgment. The cir-
cularity 1s ultimately unavoidable in all analysais.
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 agalnst experlence
and try to alter each with the aid of the other."
Op. cirt., pp. 125-26.
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added can pecome narrowed. Basing the attempt to construct
indicators solely on already collected data will likely lead
to an overreliance on operationalism.

The disadvantayges of operational andicators can be over-
come, however, by recoynizing the implicitness of the model
and by finding and evaluating the assumptions underlying the
indicators. In selecting data, 1t 1s often necessary to com-
promlise between data that would make the most valid and sig-
nificant indicators and the data tnat are accessible.

EVALUATION OF INDICATORS

There are several main criteria for qualitatively deter-
mining tne validity of indicators:

l. In view of what 1s known about the phenomenon being
measured, how limited 1s the definition of i1t”?

a. Is there a definition 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 definition, the reader 1s belng
asked to accept the indicator on faith.

b. Are the assumptions of the definition too narrow
or arbitrary”

2. Does the measure behave similarly to the phenomenon
1t 1s 1ntended to explain?® If the phenomenon changes
(e.g., Lncreases or decreases), how well does the
measure reflect this? Some measures which look at
only ygross changes will miss detailed shifts, some
of waich may be hiyghly siynificant.

3. Does the measure pehave 1n tne same way as other in-
dicators of tne same or closely related phenomena®

a. 1f a phenomenon 1s well-measured, different meas-
ures which use 1independent types of data will be-
have i1n the same way. When only interdependent
measures are used, they will all naturally show
the same or similar trends, and thus pe no better
than a sinyle measure.

b. If several measures are complined 1nto a single
index, they snould be well-related to each
other (and thus sensitive to changes 1n the
phenomenon) .

12



Each of these criteria 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 activity" of sci-
entific research), 1t might be more profitable 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 specific indicators with
narrower concepts.

OTHER RELEVANT BACKGROUND READING

O

Etzioni, A., and E. W. Lehman, "Some Dangers in 'valid'
Social Measurement," in Gross, B., ed., Social Intelligence
for America's Future: Explorations in Soclietal Problems,

Allyn and Bacon, Boston, 1969.

Tropman, J. E., "The Sociral Meaning of Social Indicators,”
Soclal Indicators Research, vol. 3, no. 3 & 4, December

1976.

de Neufville, p. 125. See also discussion 1n op. Clt.
KRaplan, Chapter II; op. cit. Kuhn, Chapters 2 and 3; and
Blalock, H. M., Jr., and A. B. Blalock, eds., Methodology
1n Social Research, McGraw Hill, New York, 1968.

Blalock, H. M., Jr., ed., Measurement in the Social Sci-
ences: Theorlies and Strategies, Aldine, Chicago, 1974.

(Chapter II 1s especially relevant.)

AICPA, Social Measurement: Points of View, 1972.

Gehrman, F., "'Valid' Empirical Measurement," Social Indi-
cators Research, vol. 5, no. 1, January 1978.

Fox, K., Social 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 1ts science in-
dicators by supporting two Social Science Research Council
(SSRC) conferences (1974 and 1978) 1/ that specifically ad-
dressed SI72 and SI76. Thnese conferences have stimulated the
academic community to conduct research in this area. NSF has
also conducted a valuable i1nternal review (completed 1n Octo-
ber 1977), which both evaluated SI76 by chapter and suggested
new i1ndicators. In addition, the SI staff has contracted for
studies to develop i1ndicators in selected areas. We were told
that more money 1s now avallable for these contracts.

Our analysis of SI76 1s based 1n part on comments, sug-
gested improvements, and proposed alternative indicators found
1n relevant literature, interviews, and the efforts mentioned
above, We also draw from the criteria discussed in chapter 2
and the statements of purpose for the SI series. Different
versions of this purpose are contained 1n relevant legislation
and written and oral statements by Board members and other HNSF
personnel (see appendix I).

SPECIFIC DIFFICULTIES IN
MEASURING SCIENCE AND TECHNOLOGY

Developing a series of comprehensive, successful, and ac-
ceptable 1ndicators of scilence and technology 1s a formidable
task. The scientific enterprise 1s very complex. It 1s decen-
tralized and, 1in general, poorly understood. This creates nu-
merous difficulties that hamper decisions about how to select
the most i1mportant aspects to measure.

Scientific work and advance are not separate from society,
put are part of 1t and interact with other social forces in
complicated and diffuse ways. The effects of this interaction
are economic, military, political, and influence such things
as education, communication, transportation, health, and even
the 1individual's view of poth the world and himself. By the
same token, nonscientific developments strongly influence the

1/Papers from the 1974 conference have been collected and re-
cently published 1n the book Towards A Metric of Science:
The Advent of Science Indicators, R.K. Merton, et al, eds.,
(New York, 1978). At the time of this writing, no such book
yet represents the papers presented at the later meeting. A
number of these will pe listed specifically.
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state of scientific work and progress. It i1s thus difficult
to find where the borders of the scientific enterprise end and
other social forces pbegin. It 1s no less difficult to decide
what 1s meant by the "state" of science and technology, since
science and technology are tied 1in sucn a comgli.s way to non-
scientific influences.

The effects of science and technology are both short-
term, as 1n the case of tangible products or daily processes
dependent on technology (e.g., communication), and long~-term,
as expressed by changing views about the world. Short-term
trends are denerally easier to measure. They are often ex-
pressed in familiar terms such as expenditures, number of pub-
lications, and the like. It 1s the long-range trends, how-
ever, that are usually the least understood--particulaciy
those dealing with "strengths and weaknesses." 1In effect, the
lack of knowledge about the social context of scientific work
affects what type of indicators are chosen. It 1s not sur-
prising that many indicators of science and technology use
economlc data (1.e., resources and tangible results) because
there 1s a more estaplished framework for understanding
changes 1n these data.

The long-term perspective 1s central to poth science and
technology, particularly for research. For technological in-
novation, there are natural lag times between the time that
resources are put into research and the time that any innova-
tions may result. These lag times vary considerably, even
within a single sclentific field. Very often, specific meas-
urements of "return on investment" in research are simply not
possible. It 1s tne ever present potential of research to re-
veal applicable knowledge that 1s crucial. No simple cause
and effect connection exists between research and technologi-
cal advance. Consedquently, desires for short-term measures of
a researcher's ability to "produce" are often characterized by
frustration or misleading simplification.

The decentralized nature of science and technology in the
United States makes the development of broad comparative meas-
ures difficult and tenuous. There 1s a multipiicity of both
sponsors and performers of science and technology whose goals
and ygeneral viewpolnts vary consilderably. Furthermore, the
sponsorship and performance are largely autonomous within each
of the three major sectors. Government, industry, and aca-
demia. Single disciplines in academic research are charac-
terized by individual professional socleties and organiza-
tions, journals, and jargon. A consequence of this plurality
1s conflict about what the most important characteristics of
sclence and technology are and thus about measurement of them.
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Another problem 1s the difficulty i1n distinguishing be-
tween sclence and technology. These two activities are dif-
ferent 1n scope, methodology, source of support, and profes-
s1onal societies. However, the border between them has grown
increasingly fuzzy 1n recent decades as engineering investiga-
tions have involved a greater component of basic science.
Consequently, while certain measures are appropriate for both
sclience and technology (especirally in the area ot resources),
the need for different types of measures remains strong.

The current state of science and technology in the United
States (and i1n much of the western world) 1s characterized by
significant controversy. Many traditional conceptions about
science and technoloyy, their goals, benefits, and context of
operation have been recently challenged, and even rejected. 1/
Previous notions, which saw scilence as an autonomous, self-
accountable activity whose advances lead naturally to benefits
for society, are being criticized by certain interest groups,
academiclrans, Government officials, and even scientists them-
selves, Recent academic work has introduced and supported
1deas that conflict with those held by many, perhaps most,
scientists. 2/ Furthermore, tne strong Federal support that
existed during the early and mid-1960s gave way rather sud-
denly to one of limited (even declining--until recently) re-
sources and a concomlitant increased emphasis on accounta-
bility. As a consequence, agreement 1s lacking about the
nature, purpose, activity, and social context of science and
technology. Tnis lack of agreement has encouraged a diversity
of partially overlapping but often conflicting viewpoints. In
this light, both the purpose for measuring scilence and tech-
nology, and the model or models behind the selection of meas-
ures, can vary considerably. Such variety 1s displayed in the
range of opinion offered by the participants in the recent
conference on Science Indicators, 1976, sponsored by SSRC (May
1978) .

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

1/See, for example, D. Welkin, "Changing Images of Science,”
Newsletter on Public Conceptions of Science, Harvard, #l4,
January 1976, pp. 21-31.

2/See discussion by G. Holton in "Lirits of Screntific In-
quiry," Daedalus, Spring 1978, pp. 227-234.
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notably "health" (of science and technology) have enjoyed al-
most unquestioned use. Good "health" 1s a metaphorical stand-
ard, one which must be interpreted. 1/ While the health of a
human being 1s generally well-defined and understood, for sci-
ence and technology there 1s no standard or accepted defini-
tion of a healthy state, or even agreement 1f such a state
exlsts. Our analogy supposes there 1s enough knowledge and
information on the physiology of science and technology to
make a modern diagnosis. In fact, the level of knowledge
about the scientific enterprise 1s more analogous to that of

a 19th century country doctor than to a modern physician's.
Subjective terms may be useful 1n gleaning initial insights
about what type of evaluation might be desirable, but, 1f used
continually, they obscure specific, useful information. This
kind of terminology also encourages numerous, often opposing,
interpretations.

Wery aha 114—7 " “\-114-91_
y heard terms such as "viability, 1tal-

1ty," and “capac1ty also suffer from overgenerality and im-
Plicit evaluation. When are science and technology "viable,"
or of high "capacity" and "vitality"® Answers to these ques-
tions are 1nescapably fraught with the respondent's judgment,
and hence add to the confusion about science and technology.
It would be at least of some benefit 1f nonevaluative terms
such as the "state" or "condition and direction" (of science
and technology) were used.

Despite the major difficulties facing the SI effort,
there 1s a considerable amount of knowledge about sclence and
technology, as well as a large body of data on some of the
significant aspects of indicators. This discussion 1s meant
to provide an overall "state-of-the-art" back-drop, which em-
phasizes both the problems i1n developing sclence and tech-
nology indicators, and the need for continued experimentation
1n this development.

STATED PURPOSES OF
SCIENCE INDICATORS

Certain conflicts were noted among the different state-
ments of purpose for SI. (See appendix I for list of these
and full discussion.) Some of these are indicative of changes
1n perspective with time and experience. However, we have

1/D. Hornig, The Health of the Scientific and Technical Enter-
prise: An Advisory Panel Report to the Office of Technology
Assessment, 1978.
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found several basic objectives common to the different state-
ments. We have distilled these common objectives into a
single purpose: SI 1s to gquantilify as many of the dimensions
of sclence and technoloyy as 1s feasible, with a view towards
Ldentifying significant trends and developments, linterpreting
possible causal relationships between them, and analyzing
their possible meaning for the condition and direction of sci-
ence and technology in the United States.

PROBLEMS WITH THE MODELS OF SCIENCE
AND TECHNOLOGY INFERRED FROM SI76

In evaluating a group of measures, 1t 1s important to
understand the characteristics, assumptions, and thus limita-
tions, of the model(s) (expressed or implied) which have 1nad-
vertently directed the selection of data. The most serious
general problem with SI appears to be 1ts de facto view or
model of science and technology.

In examining a list of original "indicators" proposed by
NSB 1n 1971, one can discern the model that 1s wimplicitly em-
phasized 1n the SI reports. The measures were first conceived
1n a long list, and later partitioned into categorles such as
"Scientific Qutput," "Activity," "Science Education," and
"Manpower." The followiny i1s a samnple of the original meas-
ures:

1. Number of papers in top quality, refereed journals.
2. Ratio of basic research funds to total R&D.

3. Federal support of total research by field of sci-
ence,

4, Major new frontliers of science opened up during a
specific year.

5. Utility of knowledye.

6. Ratio of applied research funds to total R&D.
7. Ratio of development funds to total R&D.

8. Federal basic research dollars by field.

9. Distribution of new paccalaureates, masters, and
doctorates vy field.

10. Number of scilence and englneering degrees as a per-
cent of total degrees.
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11. Relationship of U.S. R&D/GNP to GNP/capita among
varlous nations.

12, R&D scientists and engineers per 10,000 population
1n different countries.

At the time these measures were selected, most of the
data already existed "in hand" for NSB, l1.e., within the Fed-
eral Government, particularly in NSF's Division of Science Re-
sources Studies. With few exceptions (the fourth and £1£th),
these are measures without concepts and represent an opera-
tional attempt at constructing indicators.

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

The problem with the version of 8I76 1s that i1t 1s too
constricted by an input-output framework. In this approach,
science and technology are seen as resources which go into,
and tangiole results which come out of, a "black box." In-
herent 1n this model are the following assumptions:

1. 8Science and technology are primarily to serve social
(1.e., national) goals. 1/

2. The states of science and technology can be described
primarily in terms of what 1s being added each year
to the overall pase of expertise, without sufficient
reference to the accunulated base.

3. Scilence and technology exist i1n a soclal context and
have minor self-regulating aspects. 2/

4. S8cience and technology can be measured in terms of
resources (such as funding and "stocks" of personnel)
and a few tangible results such as innovations and
published papers. The process involved in doing sci-
ence and technology are not important.

1/M. Kochen, "Models of Scientific Output," in Towards A
Metric of Science, pp. 97-139, See also R. McGinnis, Sci-
ence Indlicators 1976: A Critigue, 1n press (Sociral Indica-
tors Research).

2/G. Holton, "Can Science Be Measured?", in Towards A Metric
of Science, p. 56.
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5. Money drives the system; more money, more "output."l/

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

7. ©Science and technology are related by cause and ef-
fects. 2/

8. University research 1s the mainstay of U.S. sci-
ence. 3/

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

10. International competition 1s of central importance
to U.S8. science and technology, more signilficant
than cooperation. 3/

Basically, this support service model, with 1ts 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 1ts economlic aspects. Scien-
tists engaged 1n basic research are motivated primarily by a
search for knowledge, whether or not 1t has any perceived
relevance to social needs. Furthermore, the black~box view
(1nto which a resource 1s put, and from which a result
emerges) does not take 1nto account the activity and process
of investigation. This point 1s important, since research in-—-
vestigations are the core of science and crucial strengths and
weaknesses are likely to have their roots in research. The
inadequacy of the i1nput-output approach 1s well demonstrated
1n SI76: input indicators of research activity 1n SI reveal a
substantial decline since 1968 (funds for basic research de-
creased after 1968), while output indicators of research ac-
tivity display an unbroken increase (number of overall publai-
cations has grown). Examination of the process of research

1S necessary to accurately i1dentify blocks that would hinder
the advancement of science.

1/McGinnis, op. cit.

2/J. D. Holmfeld, "Science Indicators and Other Indicators
Some User Observations." Paper presented at the annual
meeting of the Society for Sociral Study of Science held at
Indiana University, Bloomington, Indiana, November 5, 1973.

3/Holmfeld, op. cit.
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Another important part excluded by the input-output model
1s the sociologyy of the scientific process. Though science
and technology are subsets of the larger social context, they
also operate independently of 1t. The cohort and competitive
aspect to research, the transfer of information, and the work-
1ngs of professional socleties, are important parts of how
sclentific work 1s organized and conducted. Another central
aspect of this socrology 1s the "flow" of personnel, 1.e.,
shifts between fields, in and out of scientific work, and
cross-nationally. It 1s more important to know where and how
scientists and engilneers are employed, rather than the fact
that they are. These aspects of the scientific enterprise are
covered partially by the support service model, but only as

"* * * pale reflections of the social structures,
such as authority and reward, and processes, such as
mobility and aging...that sociologists of science in-
s1st are fundamental to any real understanding of how
the system of science operates." 1/

In gyeneral, the i1nput-output model views those who perform
scientific work as resources, like dollar allocations, and
Jlves minor treatment to the internal relationships that char-
acterize thne process of tnis work. For identification of
"strengths and weaknesses," this model 1s consequently inade-
Juate,

By 1ts narrow focus, the input-output framework used in
SI leaves out both the knowledge base and the major advances
in sclence and technology. Sclence 1s a major branch of
knowledye; any view which would describe 1ts state without
examining 1ts knowledge base and advances 1s deficient. Such
information 1s needed 1f one 1s to know where new knowledge
might best be applied to social needs. Identification of
frontiers 1n science was orlginally on the NSB's list of pro-
posed indicators, but 1t has not been developed, possibly due
to a difficulty in collecting data. However, data on this
area do exist 1n the form of citation analysis, a recent
quantitative technigue to monitor contemporary science, but
SI76 made only small use of such data.

1/McGinnis, op. cit. See also the following papers presented
at the May 1978 Science Indicators Conference sponsored by
the Social Science Research Council in Washington, D.C.:
C. Kuh, "Indicators of Scientific Manpower and Science Indi-
cators"; J. Ben-David, "U.S. Science 1in International Per-
spectives"; and D. Tufte, "Statistical Issues 1in Science In-
dicators."”
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Education 1s another major aspect of science and tech-
nology that receives limited treatment. The input-output
model 1s concerned almost entirely with how many personnel
work 1n science and technology. It views education as a pro-
ducer of degrees that leads to renewed resources for science
and tecnnology. As such, only tne educated are examined, and
the focus 1s again on employment. The process of how science
1s taught, what 1s taught, and what 1s happening 1n preuniver-
sity and university training i1n the sciences 1s not covered.
Thus, 1f problems are developing 1n the training of new scien-
tists, the underlying framework of SI would not reveal them.

5176'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
engineering sclences are rarely field specific. The sclences
are thus viewed 1n terms of their economic, not scientific,
importance. This points up a critical way in whicn the model
undercuts 1tself: by limiting indicators to largely nonscien-
tific information, the model prevents perception of where sci-
ences can best benefit society.

In general, 1t 1s the input-output framework that concen-
trates the model on economic resource data. To confine the
"oolicy purpose" of indicators to measuring only "tne re-
sources allocated to the scientific enterprise or the fulfill-
ment of 1ts goals" as HSB does, 1s useful for some 1institu-
tional aspects of science and technology, particularly those
which are industrial and mission oriented. dowever, for sci-
ence and much of technology, results are not material and can-
not be treated i1n the same way as economlc outputs. As R.B.
Freeman states: "It 1s far from clear what we mean by output
in this context." 1/ These terms (1input and output) are 1in-
sufficient when applied to research, for 1t 1s tne process of
research that must be examined to reveal problems, strengths,
and needs.

1/R. B. Freeman, "Tne Impact of Science (R&D) on the LCconomy,"
paper presented at the mentioneld iMay 1978 Conference on Sci-
ence Indicators. A. Biderman has also criticized the input-
output framework for social 1indicators as the "* * * domina-
tion of social data by the assumnptions of liberal economics
* * *". and tnat, in jeneral, "* * * tne distinction between
input and output 1s rather artificial * * *." 1In Social In-
dicators 1973. A Review 3ymposiumn, R A. von Dusen, ed.,
Social Science Research Council, 1374.
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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 indicators, all outputs are considered to be signifi-
cant. This 1s an expression of the operational approach--
l.e., data are collected on the basis of their presumed im-
portance. However, we believe that certain important concepts
can be i1dentified and measured. A few of these have been de-
rived from the collection of data on i1dentified research out-
puts, but the search for the "outputs" of science and tech-
nology can draw attention away from finding the important con-
cepts (e.g., frontiers in science and technology, mobility of
personnel). The NSF internal review made an important point
1n this connection: the acknowledged enthusiasm for output
indicators should not lead to their use beyond the state-of-
the-art.

A final major problem with the model in SI 1s that 1t de-
velops, to a large extent, the same indicators for science as
for technology. This combining of science and technology
leads to overaggregation of the data and has prevented the
perception of where there might be important trends. Because
of this combining of science and technology, the reader 1is
given only an overall notion as to whether the entire scien-
t1fic system 1s strong or weak.

These are the major limitations in the implicit model
which has been central in the SI effort. After three itera-
tions, there has been only slight overall broadening of per-
spective and only little apparent change planned for the next.
In order to interpret causal relations and analyze their pos-
sible meanings, more effort should be placed on relating the
indicators to underlying theories. Statements in the intro-
duction to SI76 acknowledge the need for "* * * an explicit
model of the research enterprise, both in itself and in rela-
tion to the rest of society * * *" but note that existing
models are considered i1nadequate to meet the need.

In our view, there 1s a definite need for incorporating
new models of science and technology into SI, for 1f the
input-output model remains dominant, the information which
SI offers wi1ll be too restricted to comprehensively assess
scilence and technology.

GENERAL LIMITATIONS AND
PROBLEMS WITH INDICATORS

From SI72 to S1I76, proyress has been made in both the ad-
dition of topics covered and in the number and types of indica-
tors used. The authors of SI76 are clearly aware of the limi-
tations 1n 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 limitations of tne indicators.

The most evident of these limitations is that very broad,
undefined concepts such as "level of activity" or "extent of
effort" have been applied to a narrow range of measures. To
adeguately measure such concepts, one must have data on nearly
every major aspect of science and technology--research, educa-
tion, invention and innovation, and personnel, SI76 uses ex-
penditures 1n pasic research and numbers of publications as
indicators of basic research "activity." The assumptions un-
derlyiny each measure equate spending with work (1.e., 55 per-
cent of the basic research work done 1n universitlies means 55
percent of the money for basic research 1s spent by universil-
ties 1/), and publications with the amount of research. In-
creases 1n poth of these would thus i1ndicate a more active re-
search community, whlle decreases would mean less work 1s be-
ing done, However, SI76 shows that while expenditures have
decreased, the number of publications has continually in-
creased. Thus, the measures are too narrow to cover the con-
cept of basic research activity.

On the other hand, the report yives a more specific con-
cept to expenditures: when examined on the level of sectors
over time, expenditures are sald to measure Federal or indus-
trial "priorities for research." Here, the measure has more
meaning pecause the concept 1s defined more precisely.

A related problem 1s that several concepts of differiny
scope are applied to a single type of measure. Federal ex-
penditures for general and specific areas 1n science and tech-
noloyy are said to indicate "extent of effort," "level of ac-
tivity," "health of U.S. R&D effort,” and "national priorities
1n the area of science and technoloyy." Thus, one measure 1s
assigned four concepts, the first three of which are vague and
highly complex, wnlle the last one 1s specific and meaningful.
This 1s also tne case where SI uses the number Of sclentists
and engineers as lndicators of "depth and direction of a coun-
try's R&D effort," tne "magnitude" of such effort, and of "em-
ployment"™ and "unemployment." Only the iast concept 1s spe-
ci1fic enough to have any meaning. Assiyning nultiple concepts
to a sinyle measure confuses the meaning of that weasure. SI
could benefit from using, to the extent possible, single, spe-
ci1fic concepts f£or each separate measure.

1l/see Science Indicators, 1976, p. 75.
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Another ygeneral problem with the indicators 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 1960s, the gen-
eral indication of science and technology i1s continually
gloomy. Furthermore, tnls predominance shows that, where SI
concentrates on the economics of science and technology, data
in this area are limited. Indices of prices or costs of such
things as new scilentific equipment are not attempted.

From the indicators, one notes that spending for defense
and space has decreased significantly since the late 1960s,
while civilian R&D spending has increased in "real" dollars.
The salient decline 1n SI76, 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 1n expenditures. (See fiqures 1 and 2.) However, 1t
would be a clear oversaimplification 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 "activity" and "effort" in U.S. science and tech-
nology.

LIMITATIONS AND PROBLEMS
WITH SPECIFIC INDICATORS

R&D/GNP

One widely used measure, which 1s misleadinyg, 1s R&D
spending as a fraction or percent of the gross national prod-
uct (GNP). GNP 1s a well-known, well-established concept,
used to help portray the condition and performance of the U.S.
economy. The R&D/GNP measure, however, 1s a nonconceptual
adaptation of 1t for purposes other than those for which the
GNP concept was designed and developed. A significant amount
of research and development money, which varies from year to
year, Ls spent for Government purposes only. Each of these
purposes willl have different effects on future economic growth
and productivity gains, depending on the nature of the re-
search and 1ts affect on commercial products and services.

The R&D/GNP 1ndex thus combines measures that are poorly re-
lated: overall Government R&D spending can lncrease or de-
crease significantly but future GNP might be little affected.
Furthermore, this ratio 1s even more questionable for inter-
national comparisons. The mix of support for R&D within yov-
ernments as well as between governments and private enterprise
varies Jreatly amonyg nations.
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Figure 2

Federal obhgations for R&D by major function,
1969 76

Constant 1972 doIIars1

{Bithons)
Figure 1 $12
Scientists and engineers engaged in 1M
industrial R&D, compared with constant
dollar expenditures for industrial R&D,
1960 75 10~
{index 1860=100) \‘
N, National defense R&D
140 9 \\
==
,/' \
R&D K \\ 8
expenditures 4 \ “-/
130 — 'I 1
\
? \ ,l \ 2
120 [ 6 ]
-’
All civilian R&D _»
R&D scientists 5 ____..-—-"--
and engineers® o~
’f
110 4
3
Space R&D
100 | I O O W I 2 -
1960 62 64 66 68 70 72 74 75
IGNP tmplict price deflators used to convert current 1
dotlars to constint 19,2 dollars
2Full time equivalent basis averaged for each year 0 l I [
NOTE Estimates are shown for 1975 1969 71 73 75 '76

1 GNP implicit price deflators used to convert current doltars to
constant 1972 dollars

NOTE Estimates are shown for 1975 and 1976

SOURCE Science Indicators 1976

26



A more thoughtful structuring of this data has been done
in the recently released Science and Technology Annual Report
(STAR), 1/ which examined industry-financed R&D as a fraction
of GNP i1n manufacturing (over 90 percent of R&D in 1industry 1is
funded by manufacturers). Even though this 1s an index with-
out a specific concept, the individual measures have a more
direct, known connection which makes the index more signifi-
cant and usable. A concept such as "gross industrial R&D
product" might apply to this measure, since the notion of a
"gross product" can be transferred from GJIP without misleading
distortion.

Patents

SI76 includes a section of "inventiveness" indicators
which have low validity because of the patent data base upon
which they depend. According to Deborah Shapley, 2/ certain
industries (especially electronics) have stopped patenting
many of their inventions because (1) during the 2-year wait to
complete the patent-granting procedure many inventions can be-
come obsolete, and (2) making inventions public can give com-
peting firms an "edge," since only minor modifications of some
1nventions can lead to marketable improvements. As a conse-
quence, the simple tracking of patents granted as a measure of
"1inventive output" has little validity for at least one of the
most inventive 1ndustries., The degree to which this 1s true
for other major industries 1s uncertain. If this 1indicator 1is
continued, 1t must be used with considerable caution. As a
measure of general industrial "inventiveness," 1t 1s not
valid.

For 1international comparisons, S176 uses a "patent bal-
ance" 1dea which appears to be too specific to be used as a
major 1ndicator because 1t only looks at a nation's patenting
in foreijn nations. The balance 1s defined as "* * * 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-
1ng 1increasingly more 1in tne JUnited States than the United

1l/8cience 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, po 73-

2/D. Shapley, "Electronics Industry Takes to 'Potting' Its

Products for Market,"” 3cience, November 24, 1978, pp. 848-
49.
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States 1s abroad. If, instead, one examines the change in do-
mestic patent applications of eacn country, as in the STAR,
one finds that only Japan has continually increased 1its pat-
enting from the late 1960s to 1975, and that the United States
1s not falling behind other western industrial nations. Exam-
ination of the percent decline 1in patenting for each country
relative to 1ts peak year (which varies among nations) shows
the following: U.S. decline, 15.42 percent; U.K. decline,
21.9 percent; wWest Germany decline, 20.84 percent; France Jde-
cline, 21.05 percent, Furthermore, when seen in liyht of the
increasing disincentives for patenting, this decline 1n "rela-
tive 1nventiveness" 1s even more dubious. The "patent bal-
ance" concept thus appears insufficient for international com-
parisons, since Lt 1s centered completely on the United
States. Examining domestic patenting for each nation has a
broader base, each country beinyg viewed on 1ts own terms.

International comparison of
Government RaD expenditures

One particularly misleading indicator used in 5176 1s the
"Estimated Distribution of Government R&D Expenditures Among
Selected Areas by Country." The data displayed in figure 3
shows that the U.S. Government spends the least i1n the area of
"advancement of Knowledge," while Japan whose total R&D em-
phasis 1s well known to oe on development, spends the most. 1/
Tne crucial assumption underlying the structuring of the data
1s that the cateyories for expenditures (eneryy, health,
space, defense, etc.) apply egually to all the countries
examined. The Organization for Economic Cooperation and De-
velopment (OQOECD) which collected the data accepts the defini-
tions and stated purposes of the cognizant governments without
much further analysis, 1.e., 1f money is budgeted for R&D by a
military agency, that money 1s spent for military R&D only.

Since the U.S. Government allocates a large part of its
research expenditures to these alssion-type categories, much

1/see, for example, publications of tne Japanese government:
Outline of the wWhite Paper on Science and Technology - Aimed

at Makingy Technological Innovations in Social Development,
Science and Technoloyy Agency of Japan, Foreiygn Press Cen-
ter, January 12377; 5Science and Technology Agency: An Out-
line for 1977-1978, Science and Technology Adency, Prime
Minlister's Office, Tokyo, Japan; and 1976 Report on the 3ur-

vey of R&D 1in Japan, Bureau of Statistics, Office of the
Prime Minister, Japan.
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Figure 3
Estimated distribution of Government R&D expenditures among selected areas' by country 196175
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of the money that 1s spent on research by mission agencies
does not show up under "Advancement of Knowledge." Moreover,
where a large part of U.S5. research and development 1s spon-
sored by the Government, Japan's 1industries fund and perform
the great majoraity of this work. Consequently, the indicator
1s misleading. We believe that future SI reports would bene-
fit py either discarding this indicator or recategorizing the
expenditures 1n a way that more precisely reveals the differ-
ent priorities characteristic of different nations.

Innovation

SI76's indicators of technological innovation reveal some
important information about the processes involved. The data
for these indicators are based on a 1976 report done by Gell-
man Research Associlates (Indicators of International Trends 1n
Technological Innovation) for NSF 1in which a panel selected
500 innovations for study. A number of underlying assumptions
and limitations need to be mentioned. For instance, the
original selection of the innovations was based on perceptions
of an 1nnovation's "* * * technological consequences as well
as 1ts primary and secondary impacts 1in socloeconomlc and po-
litical terms." The major problem with these criteria 1s that
recent innovations are more likely to be chosen on their tech-
nological merits, since their social effects are as yet un-
known, unclear, or nonexistent., Older innovations have had
time to reveal their social effects and will probably be
Jjudged wmore on the stated criteria.

Also, determining the significance of contemporary re-
sults from science and technology i1nvolves major assumptions.
Though the importance of some innovations 1s known beforehand
(e.g., the jet engine, the nuclear reactor), the longer-term
significance of many cannot be determined (e.y., the photo-
copler). This caveat might also be applied to determinations
of the "radicalness" of innovations, which the Gellman study
does. The social significance and scientific radicalness of
an 1nnovation are important concepts, but ones which depend
upon contemporary judgments. Over time, 1nventions that are
first percelved as radical may later be seen as part of an
evolution which produced even more lmportant inventions.

Tne foregoing discussion relates directly to the indica-
tor which attempts to measure the "distribution of major U.S.
innovations by source of technoloygy." (See figure 4.) The
sclence underlying a particular innovation often has a long
nistory behind 1t. Transistors, for example, resulted from
the study of semiconducting materials, which in turn was based
on an evolution of knowledge about solid-state physics. If
traced, tne history of most 1nnovations eventually yoes back
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Figure 4
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to "basic science." The particular immediate work leading to
an invention 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, 1t 1s very im-
portant to know the assumptions involved in how the "source"
1s determined. Without these, the indicator cannot be evalu-
ated and thus cannot be trusted.

Bibliometric data

Data which focuses on research publications appears to
have a yood chance for uncovering information about the pro-
cess of scientific work. Due to 1ts potential and underutili-
zation 1n the 51 reports released so far, a brief review of
this controversial subject follows.

Bibliometrics counts the number of publications in dif-
ferent fields over time and the number of times an article 1is
cited 1n other articles (citation analysis). Much controversy
has centered on whether citation analysis can serve as a valid
measure of both research quality and quality of professional
performance.

Publication counts are used as a measure of "research ac-
tivity." 1/ The assumption that more research produces more
papers seems valid when applied to academlic research, espe-
clally to i1ndividual disciplines and thelr subfields "Ac-
tivity," however, 1s a vague and general term that needs a
more strigent definition before the meaning of the measure 1s
clear. The major limitation here 1s that an increase 1n pub-
lications does not necessarily mean a proportional increase 1n

knowledye.

Knowledge coming from research, 1ts utility, signifi-
cance, and presumed quality, 1s treated by citation analysis.
Underlying citation counts 1s the assumption tnat the numbers
of citations stronyly correspond to the utilization and sig-
nificance of an article, which in turn strongly correlates
with the quality of the scientific work. By examinling where
and how citations and co-citations (the citing of the same

1/F. Narin, and M. Carpenter, "Science Output Indicators Based
on Bibliometric 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 Adminlstrators," Science (May 2, 1978), pp.
429-432, and S. Aaronson, "The Footnotes of Science,"
Mosalc, NSF, March/April 1975, vol. 6, no. 2.
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pair of articles 1in other articles) cluster i1in separate
fields, one can presumably measure how sclentists relate to
each other and the specific and overall progress of science.l/
The basis for these assumptions 1s the belief that scientists
recognlze both the immediate and long-term significance of
their work at the time 0of, or soon after, 1ts publication. A
highly cited article 1s "recognized" as both significant and
of high quality.

Excellent research, however, does not always yield re-
sults that are considered immediately significant and thus
highly cited. Science's last 100 years abound with cases of
contemporary sclentists failing to appreciate work which later
proved highly significant. The inattention to Mendel's work
1n dJenetics 1s only one well-known example. Moreover, areas
of research become obsolete and papers once highly cited drop

into obscurity.

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

o An article may be cited frequently because of 1its
poor quality, concern with a controversial subject,
heuristic value only, or other solely controversial
or objectionable aspects.

0 Heads of laboratories, research teams, or advisers
0of 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 significance or
qualaity.

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

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

O Apparently there 1s a greater incentive for for-
eiyn authors to publish i1in the U.S. journals than
in their own. This makes international compari-
sons difficult.

1/E. Garfield, M. V. Malin, and H. Small, "Citation Data as
Scilence Indicators," Towards A Metric of Science, pp. 179-
209.
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--In many foreign journals, editorial 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.

o 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-
ci1al aspects of science such as evaluation of frontiers and

the ways scientists relate to each other. Actual "maps" of
scilentific change have emerged for particular areas. 1/ In-
ternational publication patterns, including "field interna-
tionality," "journal internationality," and "country distri-
bution among fields" (1.e., concentration) can be outlined

and analyzed.

Our primary reservation with citation analysis 1s that
some proponents outside of NSF presumed that 1t can be used
to measure research guality. Besides the stated problems,
the use of bibliometrics may draw attention away from measur-
1ng other i1mportant 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 gjeneral state of knowledge and
oplnions people have about science and technology 1s an essen-
ti1al 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 on added importance.

SI76's series of survey gquestions, however, appear to
have major limitations. The first 1s that only the general
public was surveyed. A separate section, containing inter-
views with the scientific community, would have added valuable
information. The views of scientists need to be solicited 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

1/E. Garfield, et al, op. cit., see especially pp. 193-201.
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of i1nformation should be. 1In this way, valuable comparisons
can pe made.

Second, some significant studies 1n the area of public
attitudes have been done, 1/ but SI76 did not make adequate
use of this available data. One social sclentist working in
thls area, Dr. Todd LaPorte, criticizes SI76 for consistently
"muddling” science and technology, treating them as indistin-
guishable (e.g., "penefits 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/ His own research, i1n fact, shows that the public
appears to percelve the effects of sclience as radically dif-
ferent than those of technology. 3 / Those whom LaPorte has
surveyed olame 1ll-effects less on science and more on tech-
nology, and they prefer "* * * near freedom for one and appar-
ently increased regulation for the other." 4/

The third limitation, as LaPorte points out, 1s that for
policymakers, treatiny the public as a "homogeneous mass" is
too simplistic. He mentions that his research shows that the
opinlons revealed by a person's response to a questionnalre
often display a certain cegcee of inconsistency. An example
of this in SI76 1s shown 1n table 6-13 (p. 176), where the ma-
jority of opinionated respondents (45 percent) blame science

1/A. Etzioni and C. Nunn, "The Public Appreciation of Science
in Contemporary Amerilca," Daedalus, Summer 1974, pp. 190-
212; T. LaPorte and D. Metlay, They Watch and Wonder: Pub-
lic Attitudes Toward Advanced Technologies, Final Report to
Ames Research Center, NASA, from Institute of Government
Studles, University of California, 1975; T. LaPorte and D.
Metlay, "Technology Opnserved: Attitudes of a Wary Public,"
sclience (April 11, 1978), pp. 121-127; and J. Miller, "Se-
lective Attentiveness: A Conceptual Framework for Under-
standing Public Attitudes Towards Oryganlzed Science," a
paper presented to the 1978 Annual Meeting of the Society
for Social Study of Science, Bloomington, Indiana, Novem-—
ber 4, 1978.

2/These examples are taken from the survey questions in SI76.

3/LaPorte and Metlay, They watch and Wonder, op. cit. See
also T. LaPorte and D. Chisholm, "Indicators of Public Atti-
tudes Toward Sclence and Technoloygy: Sclence Indicators
1972, 1974, 1976. A Review and Prospective Reflection,” a
paper presented at the mentioned May 1978 SSRC Conference
on Sclence Indicators,, pp. 21-33.

4/LaPorte and Chisholm, op. cit.
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for "* * * air, water, environmental pollution * * *," but not
for "* * * i1nsecticides used the wrong way."

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

"k * * organized, internally consistent perceptions
of the effects of technology and * * * tended to have
generally more favorable views of science." 1/

A survey of groups (like those 1dentified by LaPorte)
would add considerable information to the overall portrait of
public attitudes. Furthermore, for policymakers, information
on groups that are likely to be politically active would be
especirally 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 gquestions ask for evaluations on how
good or poor science and technology appear. The result 1is
that there 1s little information on what science and tech-
nology mean to the public, how important 1t 1is to them, or
what their level of scientific knowledge 1s.

A general problem with evaluative gquestions 1is that
people's feelings about social conditions are easily trans-
ferred to specific responses. For example, the response 1n
SI76 which shows decline 1in the status of all professions, as
well as of those who run major institutions, can be attributed
to a general disenchantment caused by inflation, the Vietnam
Wwar, and political scandal. The response which blames Govern-
ment decisionmakers for the problems resulting from 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 foregoing are examples of some major specific diffa-
culties with SI76. Basically, the majority result from a nar-
row approach to developing 1ndicators, which 1s limited by a
restricted view of science and seems not to recognize what an
indicator 1s, or how 1t "indicates." One of the main points
of our critique of SI76 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

1/LaPorte and Chisholm, op. cit., p. 18.
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underlying assumptions that limit the relevance of the data),
and finally to make explicit in some way the limitations both
in the data (as has been done) and 1in the assumptions. Thus
far, SI shows some significant advances in this direction,
particularly the internal review of S176, completed 1n the
fall of 1977. This revliew recognizes the importance of mod-
els, and notes that selecting data solely on the basis of 1its
present use 18 limiting. It also emphasizes that overall in~
terpretation 1s needed. Furthermore, the review recommended
that there be a more explicit rationale for presentation of
indicators, and that implicit conclusions be guestioned or
explained. However, 1t only examined problems with the data
1tself, not with the assumptions and limitations underlying
their use for indicators., The review also failed to examine
many of the conceptual problems 1in the input-output model of
SI. Thus, the review did not adequately address some of the
fundamental weak points 1in the SI effort.

We believe the experimental nature of the SI attempt
needs to be further stressed: 1t should be expected that de-
veloping science and technology indicators will require the
same gradual development that was necessary for economic 1ndi-
icators. SI needs to Jenerate new data, as well as to make
use of as much existing data as possible. In general, for
sclence, 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 1in each re-
port, but has not 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 Terleckyj 1/ and
Dr. Edwin Mansfield 2/ and might easily be more fully incorpo-
rated i1n SI reports. Other research 1n measuring sclence
which SI could incorporate nas been golng on 1n academic clr-
cles (e.g., by Derek de Solla Price). NSF should not continue
to exclude such relevant research in the SI series.

1/See, for example, N. E. Terleckyj, 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," 1n Science and Technology 1n Economilc
Growth, B. R. Willaims, 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 lnterpretations that can oe derived from the indicators.
The SI staff has recognized that the absence of th¥s has been
one of 5I's Jreatest weaknesses, particularly in view of 1its
own stated oojective that SI78 1s designed to include con-
si1derable amounts of interpretation. Such interpretation
needs to e improved over time, just as the selection and
structuring of the indicators does. Due to the recent and ex-
perimental nature of »I, constant reevaluation and change are
necessary. This 1s the only way to make sure that proplems
and limitations do not become codified in the series of
reports,
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CHAPTER 4

SUGGESTIONS FOR IMPROVING SI76 AND FOR DEVELOPING

ALTERNATIVE INDICATORS

This chapter offers specific sugygestions that might im-
prove the SI reports. These suggestions pertain to the gen-
eral aspects of tne report and to individual indicators, but
they are not meant as a comprehensive scheme for improvement.
Numerous 1deas for altering the report or for new types of in-
dicators have peen proposed by other commentators on SI, n-
cluding NSF's internal review of SI76.

GENERAL SUGGESTIONS

The improvement most often suggested by other critics of
SI 1s that more overall interpretation of the indicators be
included.

We have been advised by the SI staff that SI78 will con-
taln a large amount of interpretatlon, some of which will cen-
ter on selected policy 1ssues. However, too much interpreta-
tion related to popular 1ssues could result in an overemphasis
on the political context of science and technology. Certain
broad, long-standing i1ssues need to be addressed before a gen-
eral assessment of science and technology 1s possible, e.g.,
wnere tnere are particular strong or weak points, where scai-
ence and technology are focused (1.e., which fields, which in-
dustries), and where they are less intensive.

The primary contribution of overall interpretation 1s to
nelp find the general, long-term meanings of indicators, not
those related to topical 1ssues which may shift from year to
year. General interpretation 1s an elemental part of the im-
provement of SI and, in our view, should not be subservient to
snort-term considerations of utilaity.

We see the 1mprovement of SI as also tied closely to its
experimental aspect. ‘"he NSF staff should continue to expand
and develop indicators—--discarding those that are not valid,
and testing new ones to see 1f they are sound. In this man-
ner, SI continually will improve 1ts portrait of science and
tecnnology 1n the United States.

Wwe suggest two additional changes relating to the presen-
tation of the data. First, Jiven SI's extensive caveats con-
cerning the reliability of data, there might be some estima-
tion of the uncertainty in the grapns shown. This could take
the form of guantitative measures of confidence. Second, it
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might be highly useful to 1include a summary chapter which ac-
tually juxtaposes many of the time-series graphs so that pos-
sible 1nterrelationships could be seen better.

In light of the generally recognized difficulty involved
with using the categories "basic research," "applied research,"
and "development" for expenditures 1in all sectors, we suggest
a different category already 1n use by several Federal agen-
cles: "science and technology base." This label might 1in-
clude research not uniquely related to any particular mission
or product family, but which contributes to the general reser-
voir of scientific knowledge and emerging technology. In our
view, this category 1s better suited for cross-sector compari-
sons because 1t 1s based on the recognition that scientific
and engineering research are intertwined. It 1s less uncer-
tain, for example, than "basic research" 1s for industry.
Nearly all academic research and exploratory or generic 1indus-
tri1al research would fall under "science and technology base."

The categories now used by SI appear most relevant to
the academic sector. We suggest that SI explore the prefer-
ences of industry. A recent Industrial Research Institute
study (Definitions of Research and Development, October 1978)
indicates that industry prefers categories defined by busi-
ness objectives. Research includes basic and applied re-
searcn, as well as exploratory development of emerging tech-
nologies related to general or long-range business strategy.
Product and process development are clearly i1dentified with
short-term manufacturing and market objectives. The Depart-
ment of Defense has already established a "technology base"
research category, and 1t may be feasible for other agencies
to separate expenditures similarly.

Another 1mprovement, mentioned 1in chapter 5, 1s that SI
include more indicator work by others. Dr. Nestor TerleckyJj,
for example, nas developed a series of indicators concerned
mainly with the social returns to R&D, an area only lightly
discussed 1n SI76. Academic researchers are also conducting
relevant studies. For example, Dr. Derek de Solla Price's
graph 1/ has compared different nations' scientific research
intensity with development 1intensity by comparing the number
of scientists per capita to kilowatt hours per capita. The
validity of this particular indicator appears somewhat limited
(k1lowatt hours being a limited measure of development), but

1/D. de Solla Price and S. Gursey, "Some statistical results
~ for the numbers of authors 1in the States of the U.S. and the
Nations of the world," preface to who 1s Publishing in Sci-
ence, 1975 Annual, Philadelphia, Pennsylvania, 1975, pp. 26-

34 (Figure 5).
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1t adds a new dimension to 1international comparisons. More
recent research by Dr. Charlotte Kuh has shown that where
there has been a decline 1in the hiring of mathematics Ph.D.'s
between 1973 and 1977, the decline has been highly concen-
trated 1n 4-year colleges (which show a 50 percent decrease),
while universities show only a slight change 1in their rate of
hiring. 1/ We have also been advised that Dr. Stephen Cole
1s conducting research which examines the relationships be-
tween age and scientific "performance" or "creativity" by
synthesizing data on personnel and bibliometrics. 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 i1mportant aspects of science
and technology. Some of this work could be adopted for SI.
Since 1t 1s an evolving, presumably experimental effort, 81
need not be conservative 1n 1ts use of relevant data. It ap-
pears that a significantly broader data base for indicators
exists than has been utilized by SI. We believe that such
data should be used, at least on a trial basis.

ALTERNATIVE INDICATORS

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

l. 8I should expand the use of bibliometric data. For
example:

a. Identification of frontiers, either by co-
citation, or by 1dentification of active fields
and subfields through examination of publication
activity. 2/

1/C. Ruh, "Indicators of Scientific Manpower and Science Indi-
cators," a paper presented at the 1978 SSRC Conference on
SI76.

2/F. Narin and M. Carpenter, "Science Output Indicators Based
on Bibliometric Techniques," discussion notes and informal
lecture delivered to Science Qutput Indicators Seminar 1n
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 "activity windices" for various countries,
as defined by Narin, et al. 1/ Activity Index =

Percent of a country's share of world's publica-
tions 1in one field

Percent that field shares in total world's publi-
cations.

This activity index might be used to approximate
a "significance” index, which would indicate a
country's research priorities.

c. Another "significance" index might pbe based on
Narin's "Cross Country Citation Matrix," which
compares clting country with cited country for a
certain field. Here, significance would be de-
fined differently than in the above example, be-
ing based on peer recognition of contribution,
the assumption being that the greater the recog-
nized significance of the work, ine more inter-
national citing 1t will receive, The major limi-
tation with this measure also i1nvolves the incen-
tives behind international citation, 1.e., that
citing a certain country's work will add more
support or prestige to a certalin article, How-
ever, this still involves recognized signifi-
cance. The diagonal of the matrix also gives
some 1ndication of the relative degree to which
each country cites 1ts own work, i.e., of its
publication "isolation."

d. Growth i1n the number of journals within the past
30 years, both i1n the United States and other na-~-
tions, measured by numbers of both field-specific
journals and more general journals and "news-
letters" aimed at a broad spectrum of the scien-
ti1fically trained, e.g., Scientific American,
Science, Science News, Mosalic, etc. These two
maln types might be disaggregated to separate the
"need" for more field-specific information from
the "incentive" to inform both scientists and
laymen about general scientific Jevelopments.

2. Another possible concept to measure 1s the "growth"
or "contraction" of university science departments 1in
selected fields., This could be measured by trends 1in
the numbers of faculty, graduate students, and non-
faculty researchers such as research assoclates and

l/F. Narin, op. cit.

42



post-doctoral researchers, A potentially useful
breakdown would involve separating faculty from
graduate students, or constructing and tracking a
"faculty accessibility ratio" measured by

number of faculty for each field. This ratio might
number of students

help to further characterize certain differences in
the education of new researchers.

"Capital intensity" of different fields might be
measured by the percentage of expenditure for each
field that goes towards equipment.

An 1indicator of "research scale" might be measured by
a comparison 1in trends in grant funding for research
teams (e.g., more than four researchers) with that
for single investigators.

An indicator that would probably add considerable in-
formation to SI reports would be an "employment de-
mand index" for scientists and engineers. The widely
used, long-standing Deutsch, Shea, and Evans Index 1s
based upon square footage of employment advertising
in both newspapers and professional journals =Jach as
Chemical and Engineering News. This 1ndex has exist-
ed since 1961, 1s seasonally adjusted for recognized
fluctuations in labor demand, and 1s constructed
through the weighting of 1ts different major compon-
ents, It 1s a gross monthly index, lacking field
speci1ficity, and does not distinguish scientists from
engineers. It 1s thus most useful for industry, less
so for Government, and of little value for academia.
However, when combined with the information offered
by surveys done by the College Placement Council,
which collect "demand" information for bachelor's,
master's, and doctoral degrees (how many offers, at
what salary, for which degrees), an overall estima-
tion of demand i1n both industry and Government can

be derived. These surveys are done three times a
year, and thus collect data which 1s timely.

The basic assumprtion underlying the Deutsch, Shea,
and Evans Index 1s that there 1s a strong correlation
petween the number of job openings and the amount of
advertising. This correlation appears to be true
only on the yross level, since many individual fields
have different networks for announcing their open-
1ngs. For example, annual meetings of professional
socileties are often used for recrultment purposes,
and recruitment officers from numerous companles
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visit many campuses 1n search 2f new talent. Simple
word-of-mouth 1s also a frequently used method of re-
cruitment for several fields. Also, the growing num=
ber of professional recruitment agencies {(or contrac-
tors) registered many job openings that otherwise may
not be advertised, However, on the whole, the
Deutsch, Shea, and Evans Index appears tO us a reason-
ably valid yross measure because the amount of adver-
tising will to some degree reflect the overall need
for relevant personnel. One user of the index,

Ms. Betty Vetter, Chairwoman of the AAAS Commlttee

on Scientific Manpower, has stated that the indicator
can be ovest trusted when 1t shows a trend spanning
more than 2 or 3 months; 1.e., 1f 1t turns down for a
6-month period, 1t 1s relatively safe to say that a
decrease 1n industrial (and partially Government) de-
mand for personnel has also taken place. Thus, 1f
followed over a number of years, the indicator may
reveal significant trends. Also, 1f combined with
other data yathered on recrulitment, this indicator
would be considerably strengthened.

An i1ndicator of professional movement of personnel in
science- and technology-related areas would be a use-
ful addstion 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 indicator would view an individual's partici-
pation 1in sclentific work as having a life cycle com-
posed of a number of states: pre-high school, high
school, college work in science and engineering (S&E),
non-S&E college work, graduate training in S&E, etc.
Given the appropriate statistics for each y&ar, oOne
can construct a matrix showing the flows of individu-
als between the different states of the system 1n a
given time period (see figure 5). Eacn individual is
classified by his or her state in the initial year
one wishes to look at and by the status in the final
year. The diagonal elements would show those people
who remain 1n a partlicular state over the year, while
the off-diagonal elements would show transitions be-
tween states, It 1s then possiple to identify pat-
terns of movement from one state to another after
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adjusting the matrix to account for overall populat-
tion growth. 1/

Figure 5

Matrix of Personnel Flow

Years

States a/ l1 2 3 4 5 6 7 8 9 10 11
1. Pre-COllege 'Y . . Y . . . . . . .
2. 5&E college work e e e s e s e = e . .
3- NOI’I—S&E COllege WOI’k . e . 'Y . . . . . . .
4, S&E graduate training e« o & e+ e o & e a . .
5. Non-S&E graduate

training e« e s e s+ e s e s . .
6. Full-time R&D work

in 1ndustry e s e e e e e e . .
7. Full-time R&D work in

academnia e e e e e s e a e . .
8. Full-time R&D work 1n

Government . . . . . . . . . . .
9. S&E teaching e« s e s e e s . .
10. NOH—S&E-related WOrk . » . Y . Y 'Y Y - . Y

11. Other e« & s s e a2 e a e . .
a/These classifications listed above are for purposes of 1llus-
tration only and are not meant to be definitive or exhaus-
tive. One could disaggregate the academic R&D work by field
(pnysics, chemistry, etc.) or possibly disaggregate the in-
dustry R&D workers by research and nonresearch or develop-

ment, for example.

1/This suggested indicator has been adapted from Mervyn A.
King, "Primary and Secondary Indicators of Education,"”
Social Indicators and Social Policy, Andrew Shonfield 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 1in years spent in a par-
ticular state; 1.e., how many years mlght the
average student spend 1n graduate education, or
how long miyht the average researcher expect to
be employed i1n full-time R&D work pefore moving
to another job or retirement.

b. Find a number of interesting probabilities from
the data:

--What 1s the probability when entering college
of going into full-time R&D work; what 1s the
probability of moving from one discipline to
another or to interdisciplinary work; or what
1s the probability of doing non-S&E-related
work, given ygraduate training®

Thas indicator of personnel flow might also improve
SI's treatment of education in science and technology,
since many of the possible states involve education
(1.e., scientific and engineering graduate training).

7. SI might also use alternative price indices for R&D.
Inflation 1s universally recognized by the science
policy community as having had a large effect on the
conduct of and funding for R&D. However, 1t 1s not
so well agreed that deflating the figures for R&D
spending by the GNP deflator (as 1s done in SI76) 1is
the best way of taking the effect of inflation into
account. For example, LangJdon Crane 1s skeptical
about the accuracy and desirability of deflating R&D
budgets. 1/ William Carey, 1n an August 26, 1977,
editorial in Sclience magazine, expresses the view
that the research dollar may have been devalued by
one-third in the last decade due to such things as
equlpment obsolescence, lncreased paperwork, and ris-
ing overhead rates 1in universities and colleges. In
view of tne experimental nature of SI, some attempts
at developing an overall (or disaggregated) R&D price
index would be valuable., To this end, we list here

1/T. Langdon Crane, "SI74 and Basic Research: A Partial
Analysis," 1in measuring and evaluating the results of fed-
erally supported research and development, sclence output
indicators - Part I, Specral Oversight Hearings, Committee
on Science and Technology, House of Representatives, 94th
Congress, May 19 and 26, 1976, pp. 76-90.
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some of the attempts to derive alternative price in-
dices for R&D,

Lawrence Goldberg, in a paper entitled "Federal Poli-
cies Affecting Industrial Research and Development,"
developed R&D price indices for 14 manufacturing in-
dustries who fund 94 percent of the total R&D expendi-
tures by industry. 1/ These indices show some dif-
ferences when compared with the overall GNP deflator.
For example, Goldberg's R&D price index for the chem-
1cal 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
index shows that the cost of doing R&D has increased
much faster tnan the GNP deflator since 1960. Al-
thouyh there may not be agreement amonyg the wvarious
papers 1n this field, SI should attempt to 1incorpo-
rate past work or to develop new indices i1n thas
area.

l/Lawrence Goldbery, "Federal Policies Affecting Industrial

R&D." Unpublished paper presented at the Southern Economlc
Assoclation meetings, Washington, D.C., November 1578.

2/Probable Levels of R&D Expenditures in 1977: Forecast and

Analysis. Batelle, December 1976. Cited in Support of
Basic Research by Industry.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The complexity of science and technoloyy and the diverse
manner 1n which the two are interrelated with almost every so-
cietal activity, permits for only a gyeneral description of the
dimensions of the enterprise, and defles precise definition.
However, dJuantitative measurement 1s an i1mportant part of the
appralsal that seeks precise definition. Thus, as discussed
in this report, the quantitative measurement of science and
technology 1s an arduous but nonetheless vitally important
activity.

In previous chapters, we have examlned gquantitative meas-
ures of science and technology i1n a trecurring Government re-
port. 1In our opinion, guantitative measurement, when properly
constructed and presented, serves as a valuable resource for
policymaking. Such measures, although an important tool, are
only one of many resources used by policymakers.

It appears that SI, the STAR, and the Five-Year Outlook
report (first biennial edition scheduled for January 1980;,
will be viewed 1n concert as the most comprehensive appralsal
of U.S. science and technology. Although the first volume of
the Five-Year Qutlook 1s not yet completed, our observations
on tne role of this report are based on information from WNSF.
This trio of documents 1s auymented by publications on se-
lected topics, such as those 1ssued by the National Research
Counc1l, WNSB ceports 1ssued on alternate (non-SI) years, the
annual Ameriican Assoclation for Advancement of Sclence report
on Federal R&D policy, nonrecurrinyg speclral topical reports
(e.g., Smith and Karlesky, The State of Academlc Research),
and the large range of statistical publications by the Scui-
ence Resources Studies Division of NSF,

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

There has been some confusion concerning the 1nterpreta-
tion of the mandate for SI. Additionally, the initial pur-
poses of the S5TAR and the Five—-Year Qutlook were apparently
confused due to the transfer of the responsibility for writing
the reports from OoTP to the Director of NSF (Reoryanlzation
Plan No. 1 of 1977 and Executive Order No. 12039, PFebruary 24,
1978) . Tnerefore, the staff of NSF has veen trying to sepa-
rate and clarlfy the purposes of tne three reports for which
they are now responsible We offer the following observations
concernliny these purposes.
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First published in 1973 (8I72), SI 1s a biennial series
resulting from N3B's 1interpretation of 1ts 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 policymakers with important
statistics concerning tne state of the science and technology
enterprise. Alternate year reports by NSB would then be con-
cerned with more topical 1ssues.

In 1976, as part of legislation to centralize science
policy responsibility in the Executive Office of the Presi-
dent, Congress mandated two additional reports--the STAR and
the Five-Year OQutlook--which affected the role of SI. In con-
trast to the vague mandate for the NSB's annual report, the
executive branch was Jgiven more specific instructions as to
the nature of the STAR and tne Five-Year Outlook. This man-

date requested reports which were to be substantially differ-
ent from the existing 3I in one fundamental way: whereas SI
had been an attempt to quantitatively describe the state of
sclence, 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 with-
1n the scientific enterprise would inhibit the societal con-
tribution of science and technology. This mandate reflected
the prevalent rationale for extensive Sovernment involvement
1n science and technology.

These three reports provide different kinds of informa-
tion for policy, and taus tney are complementary. SI has be-
gJun to design a broad statistical basis for understanding and
assessing the science and technology enterprise. we believe
that SI can provide a necessary backjround component for
policy. Furthermore, 1t can also serve as a significant data
base for both the STAR and the Five-Year Qutlook to test, sup-
port, or 1dentify perceptions, knowledgable opinions, and
analyses on topical 1ssues of concern to policymakers.

NSB seems to be faced with a dilemma here. On the one
nand, 1t may wish 1n the future to develop indicators around
topical policy 1issues so that SI can be of i1mmediate use to
policymakers. On the other hand, NSB could broaden 1its ap-
proach and orient SI primarily toward the assessment of the
condition and direction of science and technology, while main-
taining an objective detachment from popular short-term 1issues.

We believe that NSB should adopt the latter approach for
SI. To restrict indicator selection or interpretation to cur-
rent 1ssues would compromise the long-term benefit of SI 1in
providing a continuing portrait of science and technology.
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Analysis of topical 1issues could be offered separately, 1in
otner reports, perhaps based on some of the data developed
for SI. This 1s precisely the mandate for the STAR and Five-
Year Outlook--to analyze topical policy 1ssues and programs,
utilizing the resources avalilable. These two reports, with
tneir emphasis on tne social utility of science and tech-
nology, could draw from the various models of science and
tecnnology developed by SI 1in order to understand present
policy 1ssues. Additionally, HSB may wish to offer judgment
and evaluation 1n special or alternate-year reports.

RECOMMENDATIONS FOR I{IPROVING
SCIENCE INDICATORS

We believe that SI should be a broad effort designed to
yield guantitative information on how science and technology
are faring i1in the United States. In this manner, the SI se-
ries can be of continuing utility. We share NSB's view that
SI 1s an experiment. 3Since the development of indicators 1s
st1ll 1in 1ts infancy, the need for further research on sci-
ence and technology indicator design and construction merits
emphasis.

In order to yield as thorough a portrait as possible of
tne chanjing state of science and technology, we suggest that
SI expand 1ts view for examining the scientific enterprise.
At present, tnis perspective 1s restricted by the implicit
input-output model of science and technology. A major prob-
lem with this approach 1s that it focuses on resources and re-
sults, and leaves out both the process and substance of sci-
ence. Science 1s seen malnly 1n terms of 1ts economic, not
scientific, importance, as leading directly to technology.
This view nas had tne effect of excluding information about
scientific advances and where they directly might benefit so-
ciety. Tne 1nput-output approach 1s consequently 1nadequate
to cover many of the most important elements of J.S. science
and technology. By viewing sclence and technology from a
variety of models, SI could better examine the actual pro-
cesses and operations involved and tnus provide a more sub-
stantial guantitative basis for understandinj science and
technology. In seeklng this 1mprovement, 1t may be necessary
to draw directly on both specific research and gjeneral knowl-
edge concerning tne sociolojy of science and tne processes 1in-
volved 1n technological 1innovation.

An attempt should be made to take more of a conceptual
approach to the design and structuring of indicators. It was
natural that the initial SI reports would be based largely on
an operational approach, deriving 1indicators from the readily
availlable data on the basis of suspected importance. This
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approach, however, 1incorporated a limited view of science and
technology, and led to tane construction of a number of indica-
tors whose underlying assumptions are tenuous or invalid. The
approach also increased the difficulties which are inherent 1in
overall interpretations by confusing the meaning of some of
the measures. The result has been that the assessment origi-
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 1in science") are chosen and explicitly defined in
the text along with their limitations and underlying assump-
tions. SI reports would then be open to more focused and con-
structive criticism concerning the validity of their 1ndica-
tors. This would continuously advance the evolution of this
kind of measurement of science and technology.

The extensive research still needed may require resources
1n addition to those presently available to NSF 1in the SI ef-
fort. We believe that consideration 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 i1mportant 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 indi-
cators which first i1dentifies what will be measured,
and then generates the appropriate data.

—-Include overall interpretation of the meaning of indi-
cators without emphasizing short-term topical policy
1ssues.

--Conslder our suggested alternative indicators.
--Continue to experiment in the SI series by developing
and testing new 1indicators, and by reevaluating and

improving old ones.

—-—-Attempt to more clearly differentiate science from
tecnnology and develop distinctive indicators for each.

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

STATEMENTS OF PURPOSE FOR
SCIENCE INDICATORS SERIES

The following are the different statements of purpose,
1including legislative mandates and the oral and written state-
ments of NSF personnel closely connected with the SI effort.

1.

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

"% * * ghall render an annual report to the
President * * * on the status and health of
science and 1ts various disclplines., Such
report shall include an assessment of such
matters as national scientific resources and
trained manpower, progyress 1n selected areas
of pvasic scientific research, and an aindica-
tion of those aspects of such progress which
might pe applied to the needs of American
soclety."”

From testimony by Roger Heyns, first Chairman, Sci-
ence Indicators Committee (NSB), Special Oversight
Hearings on Science Indicators before the Subcommit-

tee on Domestic and International Scientific Planning
and Analysis of the House Committee on Scilence and
Technology, May 19 and 26, 1976.

"By late 1971, we [the Board] had identi-
fied seven major purposes or functions of
the science indicators reports, most of

which 1n retrospect still are approprilate:

1. To detect and monitor significant devel-
opments and trends in the scientific enter-
prise, including international comparisons.

2. s evaluate tnelr implications for the
present and future status and healtn of sci-
ence.

3. To provide the continuing and compre-
hensive appraisal of U.S. science.

4, To establish one new mechanism for yuid-
ing the Nation's science policy.
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5. To encourage quantification of the com-
mon dimensions of science policy, leading

to improvements in R&D policy setting with-
1n Federal agencies and other organizations.

6. To stimulate social scientists' inter-
est 1n the methodology of this type of re-
port as well as their interest i1n this im-
portant area of public policy.

7. To provide a regular focus for the
Board's annual reports."

I

3. NSF internal review (1977) committee based their cri-
tigue on the following stated purposes or aims of SI,
as stated by H. Averch, Assistant Director, NSF,
his original memo to the other SI evaluation task
force memoers.

"*¥ * * whether SI content or format are ap-
propriately contributing to (1) the identi-
fication and 1llumination of policy 1issues

related to science and technology: (2) the

prediction or anticipation of future prob-

lems 1n science and tecnnoloygy; and (3) an

integrated portrait of the state of science
and technology.

"A list of limited objectives for the Sci-
ence Indicators reports might include the
following:

l. to provide information 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 impli-
cations for the present and future state of
science and technology;

3. to 1lluminate existing policy issues
and options, especlally to shed light on
the existence or nonexistence of alleged
problems;

4. to 1dentify 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 indi-
cators 1s to follow changes in the scien-
ti1fi1c enterprise and 1ts components over
time, and thereby to reveal strengths and
weaknesses as they begin to develop."

With slight wording changes this 1s to be found 1in
each of the introductions to the three reports. Fur-
thermore, i1n the latest of these, S1I76, there are
Siso other stated aims:

"k * * continuing effort to develop indica-
tors of the status of science and technology
1n the various sectors of the U.S. economy."

"k * * ghould provide an early warning of
events and trends which might reduce the
capaclty of science--and subsedquently
technology--to meet the needs of the
nation.,"”

"k *k * thys effort to better understand
the scientific enterprise."
\
5. Comments from interviews with members of NSF con-
cerned with SI:

"k * *¥ gcience indicators 1s not supposed
to be evaluative, but should concentrate
only on measurement, on quantifying
economlic-type indicators for science."

6. Public Law 95-99, August 15, 1977. 1978 Authoriza-
tion for NSF:

"The Board shall render an annual report
to the President, for submission to the
Congress on or before March 31 in each
year, Such report shall deal essentially,
though not necessarily exclusively, with
policy 1ssues or matters which affect the
Foundation or with which the Board in 1its
official role as the policymaking body of
the Foundation is concerned."

There 1s both agreement and discrepancy among these dif-
ferent statements of purpose. For example, what 1s stated 1in
the introduction to each SI report agyrees with the seven ob-
jectives 1in Dr. Heyns' testimony which interprets the original
legislation, Both of these would direct SI at some evaluation

54



APPENDIX I APPENDIX I

or assessment of how the "scientific enterprise”" 1s doing,
both scientifically and in 1ts ability to meet national needs.
Strongly at odds with these, however, are the remarks by NSF
personnel involved with SI which state that the reports were
meant to emphasize quantitative data and not venture at all
into evaluations or assessment. Quantification is certainly
central to the effort, but 1t was not the single, underlying
objective i1n these statements of purpose. In fact, there 1is
even some discrepancy wlth respect to what should be
quantified--"the common dimensions of science policy" (under-
lining added) or "the condition of science and research in the
U.s."

A central difficulty we have noted 1s the degree to which
the 1ndicators are supposed to deal with both science and tech-
nology. Initially, the emphasis was clearly on science; tech-
nology was considered a result or "output" of science. How-
ever, as shown by later introductions to 8I reports, though 1t
was apparently recognized that this was an oversimplified view
of technology, the degree to which technology indicators need-
ed to be 1included remained unclear. Their inclusion has in-
creased to the point where they occupy nearly half of SI76.
Yet 1t cannot be discerned whether the original emphasis on
sclence still exaists, even in a subdued form. Thilis area of
confusion 1s not directly dealt with in the other statements
of purpose. Also, it 1s unclear what the term "scientific en-
terprise" includes--whether all of science and all of tech-
nology, or only a subset of this. There needs to be clarifi-
cation here since such confusion directly affects the basic
scope of the SI reports., Our interpretation of SI's purpose
mentions both scilence and technology, thereby keeping this
scope as wide as possible.

Each of the stated objectives for Science Indicators,
even the listed seven "major functions," are highly general,
1n places, vague. It appears that the initial hopes about the
potential of SI to construct "a comprehensive appraisal of U.S.
sclience" predominated over considerations of the inherent dif-
ficulties, 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 evolved. An example of this 1s
the 1nitial focus on sclence, whereas the inclusion of tech-
nology has increased in the later two reports. The crucial
point seems to pbe that confusion i1n the stated purposes has
come from an increasing awareness of the inherent limitations
in the overall effort.

In examining the collection of stated purposes, 1t 1s ap-
parent that SI has been intended to do more than merely collect
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and present data with a few basic interpretations. Instead,
1t appears that SI's "assessment” snould involve overall in-
terpretation which discusses causal relationships to the de-
Jree possible. Furthermore, 1t appears that thouyh SI was not
mecant to present by itself a comprehensive portrailit of U.S.
sclence, 1t was intended to develop quantitative information
on as many major dimensions of science (and later, technology)
as possible. The added requirement from Public Law 95-99,
1978 NSF Authorization Act, that "policy 1ssues or matters"
also ve considered i1n the formulation of the report 1s rele-
vant to future SI reports (1.e., post-SI76). In our opinion,
this mandate 1s sufficlently broad to allow the earlier, more
direct statements concerning the specific goals of SI to re-
main relevant. we then derive the following central purpose
for the SI reports: SI 1s to quantify as many of the dimen-
sions of science and technologyy as 1s feasible, with a view
towards 1dentifying sidnificant trends and developments 1in
these parameters, interpreting possiple causal relationships
between them and analyzing their possible influence on the
condition and direction of science and technology in the
Unlted States. Thils stresses the need for overall analysis
and interpretation, while maintaining that evaluations do not
belong i1n SI.
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NSF COMMENTS AND GAQ RESPONSES

LETTER WITH ENCLOSURES

NATIONAL SCIENCE FOUNDATION
WASHNGTON D 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 Office {GAO) titled "Science Indicators
Improvements Needed 1n Design, Construction and Interpretation (Code
971350)" We appreciate the opportunity to provide you with some
comments and the 1nteraction of the authors of the report with NSF
officials who have played a key role 1n the preparation of the science
indicators series. Nevertheless, some misconceptions sti111 seem to be
reflected 1n the report, and we hope that our comments will help to
clarify these

As Science Indicators--1978 1s now at the printer, 1t was not possible
for the GAO team to review this document and the GAO report 1s based
primarily on a review of Science Indicators--1976 Since the develop-
ment of science 1ndicators 1s sti111 a relatively young endeavor dealing
with very complicated systems and concepts, 1t 1s not only natural but
expected that continuous, mainly beneficial evolution 1s taking place
Consequently, 1t 1s noteworthy that some of the recommendations of the
GAG report have already been incorporated 1n Science Indicators--1978
Section A of the enclosure to this letter provides a detailed listing
of these 1tems It 1s reassuring that the GAO staff and the authors
of the science indicators series agree on these i1mprovements.

As may be expected, there 1s not agreement on all points The GAD

report makes five major recommendations on which we would 1i1ke to comment
First, we too believe that more interpretation of the presented quantita-
tive information will be useful, and this approach 1s already reflected
n Science Indicators--1978  Second, we agree that continuous ex
tion with new indicators 1s an absolute necessity and ar
n such efforts

engaged
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However, we do have difficulties with the recommendation that
difterent "models" of science and technology could be used now 1n

the development of science indicators This suggestion 1gnores 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 1n 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 application of models at the current
state-of-the-art has to be very tentative As a matter of fact,
1ndicators which are 1ndependent of the choice of a model may be the
most useful ones

The science 1ndicators used are generally based on definite concepts,
whenever this 1s possible Freguently, multiple concepts are reflected
by a single 1ndicator or a combination of indicators However, caution
has to be used 1n anterpreting indicators only in terms of single
concepts since this may be misleading when the suggested conceptual
approach turns out to be faulty Again, Science Indicators--1978 n 1ts
greater 1nterpretive mode tries to point out alternative interpretations
when this 1s called for or possible

Finally, every attempt has been made to clearly differentiate science
from technology, whenever this 1s possible or appropriate Thus, the
report contains a whole chapter on Basic Research, which 1s clearly
science, and another on Industrial R&D, which 1s primarily technology
However, the report appropriately takes i1nto consideration that science
and technology represent a continuous spectrum of both activities which
are naturally dependent and 1nteractive

Besides the comments on major GAD 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 comments are listed 1n Sections B and C of the enclosure

We hope that our comments and remarks will clarify points of agreement
and disagreement and w11l provide you and the Congress with a better
understanding of a complex subject matter

Sincerely yours,

Norm

Hackerman Richard C Atkinson
Chairman Director
National Science Board

Enclosure
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ENCLOSURE

A GAO Recommendations Incorporated 1n Science Indicators--1978

A number of the comments or recommendations of the GAO report reflect
critiques of early Science Indicators versions and are no tonger ap-
plicable to the current science 1ndicator effort, and in particular
to Science Indicators--1978

GAO Draft Report
Page Numbers

MM $1--1976 includes relatively 11ttle interpretive
narrative. Consequently, the alleged "gloomy"
tone can only be inferred from 1ts quanti-
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 primarily by the data 1t contains

32 A different and more comprehensive 11terature
data base 1s presented 1n SI--1978 than the
the one discussed by GAO

41-43 Many of the problems concerning patent data
which GAQ discusses have already been dealt
with in SI--1978 For example, the "patent
balance" concept was dropped and replaced by
other approaches Domestic patenting trends
1in different countries have been added to
SI--1978 and analyzed. Detailed description
of the meaning of, and uses of, patent data
have been 1ntroduced 1n SI--1978, drawing
upon and citing some of the same sources
cited 1n the GAO report In addition, four
experts on patents and their use as indicators
participated 1n preparing this section

43-45 GAO feels that international comparisons of
Government R&D expenditures are misleading,
particularly between the United States and
Japan, because of country differences 1in
priorities and funding patterns The dif-
ferences between Japan and the United States
1n terms of public versus private sources of
R&D funding are highlighted in SI--1978, thus
making 1t even clearer that the indicator of
Government expenditures by objectives reflects
only Government R&D priorities, not the total
national effort Three new 1ndicators 1in
SI--1978 provide information on support of R&D
by other sectors
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GAO Draft Report
Page Numbers Comment
45-48 The GAO discussion regarding the i1nnovation

indicators from the Gellman Report 15 no
longer applicable For some of the reasons
repeated 1n the GAO report, the "Gellman
Study" of 1innovations was not used 1n SI--1978

48-51 GAO feels that Science Indicators has made

(and 33) T1ttle use of bibTiometric data such as cita-
tion analysis Science Indicators has been
one of the main supporters and users of re-
search 1n this area and has continued to
improve and 1ncrease the bibliographic 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 1ndicator of quality, nor did SI--1976
Rather, they serve as measures of the i1nfluence
and util1ty of U S scientific Titerature
Several of the GAD report's caveats regarding
the use of S&7 1i1terature indicators were
explicitly stated 1n SI--1976 and expanded 1n
S1--1978

51-54 The Public Attitudes survey, which 1s not 1n-
cluded n SI--1978, has been redesigned tech-
nically to 1nclude policy 1ssues and to identify
separately the subgroup of the public that
actively follows science and technology The
redesigned survey will be undertaken 1n the
Fall of 1979 and published later

55 The GAO report agrees with the internal NSF
recommendation that there be more explicit
rationale for presentation of indicators The
indicators 1n SI--1978 are introduced with the
rationale for their i1nclusion There 1s also
an 1ncrease in S1--1978 1n the treatment of con-
conceptual Timitations of specific indicators

55-56 Throughout the report, GAO cites the lack of
61-62 interpretation as one of the "major Timitations
(111) of SI--1976 " SI--1978 has considerable 1nter-

pretation of both short- and long-term policy
1ssues for the indicators
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GAO Draft Report
Page Numbers
56 GAO has recommended the inclusion of information
63-65 developed by academic researchers not directly
(v) 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 GAD recommends, 1t does have summary
sections 1n each chapter and for the first time
a detailed 1ndex

General Comments

1

Several major conceptual 1ssues are raised 1n the GAQ 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,
detailed model of the operation of the science-technology system
However, very 1ittle recognition 1s 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-
published Science Indicators--1978

The GAO report claims that SI "1s too constricted by an 1nput-
output framework " It 1s correct that SI includes many "1nput"
measures and fewer corresponding "output" measures However,

these measures are tncluded because they are objective and quanti-
tative, 1n Tine with the stated objectives of SI (pointed out on

p 28 of the GAO report) and not because of an oversimplified plan
to adopt the rigid notion of input-output The implicit input-
output or "black box" model does not exist and 1t would be 1ncorrect
to use such a model 1f 1t did exist only by 1tself

While one section of the GAO report (p 28) correctly states the
objective of SI, other parts seem to 1gnore the objective Thus,

the criticism that the internal operations of science and advances

1n knowledge are not covered fails to take into consideration 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, criticisms 1n the Summary, Digest, and earlier chapters
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assume that SI 1tself 1s 1ntended to provide an overview of

all aspects of the scientific and technological enterprise

As pointed out 1n 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 mmproved, few of 1ts positive aspects
are mentioned

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
primarily in terms of what 1s being added each year to

the overall base of expertise, without sufficient ref-
erence to the accumulated base "

As a counter-example to this alleged assumption, SI analyzes the
activities of the total number of scientists and engineers 1n great
detail To take another example of an alleged assumption (p 31)

"9  Physics, chemistry, biology, and math are the most
mmportant sciences, 1 e , deserve the most complete

coverage "

Coverage of the social sciences 15 1n line with their share of
overall scientific activities 1n all fields

Other alleged assumptions deal with areas not even discussed,
covered, or even assumed 1n SI, e g , "science and technology
ex1st 1n a soctal 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 interpretation i1n SI--1978 SI--1978 does not
narrow 1ts interpretation to immediate popular issues, but also
provides strategic information on broader, longer term 1ssues for
science decision makers  Furthermore, the material related to
policy 1ssues was not selected on the basis of popularity or
political mpact

7 Differences 1n time are sometimes not adequately taken i1nto con-
sideration Thus, the alleged disparity of statements of SI
purpose (GAO Report Appendix) do not reflect a state of ambiguity,
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 mmplicit Timitations of the approach
Similarly, the fact that STAR shows more optimistic trends
than S1--1976 1s due to the fact that STAR, which was
published 1n 1978, covers two more years of data SI--1978
w11l show similar trends

While SI frequently discusses R&D 1in 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

s1x chapters 1s completely devoted to basic research which 1s
completely 1n the science domain and the industry chapter separately
treats 1ndustrial basic research from other R&D activities which

are generally 1n the technology area

The critique of some specific indicators 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

While scientific personnel and expenditure measures represent

a significant portion of the indicators, this information 1s
not duplicative but rather complementary Both give indicators
of activity, but not necessarily 1dentical ones Thus, the
data clearly show that changes in expenditures are frequently
not accompanied by corresponding changes 1n personnel
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C Specific Comments
GAO Draft Report
Page Numbers Comment
17 Science Indicators reports have never been based

only "on data which 1s already collected " Examples
are 1nternational literature, indicators on public
opinion surveys, patent data by SIC groupings,
Soviet R&D resource statistics and many others

30 The statement that nearly all the measures listed
on page 29 of the GAO report (*original® indicators
proposed) were available from within the Federal
Government, particularly from SRS, 1s incorrect
for the first, fourth, f1fth, eleventh and twelfth
1tems  Thus, 1t 1s true for only 7 out of 12
Furthermore, the 1tems listed represent only about
one-fourth of the original 1tems, many of which were
even less available from existing Government sources

31-32 The GAO report questions the use of basic research
expenditures and S&T Titerature because the data
show a decline 1n basic research funds and "an
unbroken increase in the number of overall publica-
tions through 1975 " This 15 a result of the Tagged
effect between the actual research expenditure and
the actual date the publication 1s reflected 1in the
abstract journal An 1mportant point was made 1n
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 dropping below the 1973 Tevel " (p 88) Thus,
the data for 1975 may have just begun to reflect the
lessened financial support

43-45 The GAQ 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 governments without further
analysis, 1 e , 1f more money 1s budgeted for R&D by
a military organization, 1t 1s for military research "
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GAQ Draft Report
Page Numbers Comment
43-45 On the contrary, the OECD nations themselves
(Cont'd) developed the classification scheme and defini-

tions for R&D expenditures across functional
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& 1n these areas. OQECD staff analyze and
verify the responses for adherence to definitions
and classifications

45 The GAO report uses the Japanese emphasis on
Development as an argument for the invalidity of
these "functions" categories for comparing the
US 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

52 The GAD report states that SI--1976 apparently made
T1ttle use of available data from other studies n
the Public Attitude 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, 1ncluding one recommended by GAO

52 The Public Attitude Chapter of SI--1976 does not
"muddle" science and technology, as the GAQ 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

53 The GAO report criticizes the Public Attitudes
Chapter of SI--1976 as treating the public as a
"homogeneous mass " On the contrary, many demo-
graphic subgroups are discussed 1n the text

56 Contrary to the GAO report's assertion, 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 1inter-
national congress attendance, public attitude surveys,
etc ) Furthermore, much of the Mansfield and
Terlecky3 work cited by GAO as examples of non-
Government-sponsored efforts has been, i1n fact, Govern-
ment-sponsored, as 1s over half of university-based social
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GAO Draft Report
Page Numbers

56
(Cont'd)

62

APPENDIX II

Comment

science research  Government sponsorship does
not 1n 1tself 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 1ndicators showing where R&D 1s performed,
where S/E's are employed and fields of science
for R& and S/E's  In addition, R&D-1ntensive-
ness 1s specifically treated 1n Figures 1-28,
1-29, 1-30, 4-16, 4-17, 4-32, 4-37, 4-39 and
4-41
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GAO _RESPONSES

The letter from NSF highlights comments, most of which
are presented 1in more detail in sections B and C of the en-
closure. Our responses are therefore directed as noted to
each section of the enclosure.

Section A

Wwe are pleased that SI78 will include the improvements
stated by NSF. However, since NSF declined to make a draft
of SI78 available to us, we were unable to assess these
changes.

We have changed the text on p. 34.to make 1t clear that
NSF was not presumed to used citation analysis as a measure
of research guality.

Other comments 1n section A which indicate disagreement
with statements 1n the GAO draft report are repeated or ex-
panded 1n sections B and C. To avoid redundancy, we respond
directly to sections B and C.

Section B

1. For the present state-of-the-art, 1t 1s very impor-
tant that SI base 1ndicator construction on a variety
of experimental models~-not any individual one. We
agree that the complexity of the system of science
and technology makes this difficult. PP. 14-17 of
this report discuss these difficulties.

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

3. wWe agree that SI 1s meant to be gquantitative, and
that not all aspects of the science and tecnnology
system are fully quantifiable. 1Indeed, on pp. 5-6,
we discuss the limitations of quantification in gen-
eral. We believe that some gquantitative indicators
for advances of knowledge and the internal operations
of science can be developed. Examples of such indi-
cators are proposed 1in our report (p. 41). SI should
further experiment with new indicators and not siaply
rest with the assumption that some aspects of science
and technology are not guantifiable.

4. Favorable comments are included throughout the report,

as appropriate.
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5. These are assumptions which we pelieve to be part of
the model implied by the choice of data and indica-
tors included in the SI series.

6. Since NSF declined to make draft copies of SI78 avail-
lable to GAO, the statements 1n our report 'should not
be construed as an evaluation of SI78. To be most
useful 1n 1dentifying significant trends and develop-
ments 1n science and technology, we believe that 1n-
terpretation in the SI series should emphasize the
long-term perspective, rather than current 1issues,

7. We do not ayree that all of the confusion over the
purpose of 51 1s due to 1ts evolution. Varilances
also were evident in recent statements. We disagree
that the differences i1n tone between the STAR and SI
can be attributed to changes over time. In many in-
stances, the STAR used different data largely from
the same time period and analyses 1t differently to
yield interpretations at odds with SI. Our report
clites two examples of such analyses-—for R&D/GNP and
patents (pp. 25-28).

8. Although science and technology are treated sepa-
rately to some extent, we do not believe that 1t 1s
enough. Technology 1s sometimes separate, but some-
tines treated as an "output of science." Addition-
ally, science and technology are lumped together in
most of the questions used 1n the survey of public
attitudes section {(pp. 34-36).

9-10. wWe aJree 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
misleading results. We recommend more emphasis on a
conceptual approach to measurement, in which ideas on
what 1s to pe measured are first generated, then data
1s found.

Section C--Note: Tne page references by WSF correspond to our
draft report. The paje 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-
1ng data for SI.

Page 30 (19) - We pelieve that "most of the data" did
ex1ist 1n the Federal Governnent 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 1s 1inadequate by 1tself. We do not agree
that the data are sufficient to support the NSF conclusion
that the decline 1n basic research funds and the 1increase in
number of publications "1s a result of the lagged effect be-
tween actual research expenditure and the actual date the
publication 1s reflected i1n the abstract journal." Conceiva-
bly, there could be other explanations such as an increase 1in
the number of small groups of scientists working on a greater
number of projects, tnus yielding more papers. Increased use
of computer-aided data processing could result 1n more timely
and more frequent puplications. Major scientific discoveries
freguently lead to proliferation of related articles by many
authors who recognize opportunities to expand on the first
breakthrough. The simple 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 modals of the research process. Furthermore, al-
though we acknowledge the NSF letter's quote of the text of
P. 88 1n 8176 with respect to publications 1in individual
fields, we found two graphs 1in SI76 that appear to contradict
the text. Graph 2-18 (p. 64, SI76) and the top graph of fig-
ure 3-20 (p. 89, 5I76) clearly show "an unbroken 1increase 1n
the number of overall publications through 1975."

Pages 43-45 (28-30) - OECD explains 1its approach to Gov-
ernment R&D data collection on pp. 77-81 in the report Chang-
ing Priorities for Government R&D. The following excerpted
paragraph (pp. 79-80) states the OECD approach:

"An 1nternational organization attempting a
retrospective analysis of objectives 1s restricted
by the type of data available for the countries
chosen for study. 1In prainciple we have adopted
the 'purpose' approach and have centred our analy-
si1s on the moment when the funds are committed,
distributing expenditures on the basis of govern-
ments' intentions in supporting R&D programmes and
institutes. This has, however, i1nvolved a certain
amount of 'assessment' of government motives on

our part put we have attempted to keep 1t to a
minimum. * * %"

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

Page 52 (35) The text nas been changed by substituting
"not made adeguate use" for "made little use."
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Page 52 (35) - We disagree with NSF. 1In 17 of 21 tables,
we believe that science and technology are 1incorrectly lumped
together, including 3 tables (6-15, 6-17, and 6-18) for which
NSF believes otherwise.

Paje 53 (35-36) - We believe that the discussion of demo-
graphic groups 1n the text of this public attitude section of
5176 1s 1nadeguate.

Page 56 (37) - We agree with NSF that Government sponsor-
ship does not nejate tne value of research and analysis. It
1s unfortunate that an earlier draft of the report implied
this and we appreciate H3F poilnting this out. This has been
clarified 1n the text,

Page 62 (39) - wWe appreciate that SI76 includes some 1in-
dicators dealing with where R&D 1s performed, where scien-
ti1sts 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 perspective using concepts relating
to the process of research and advances 1in knowledge.

(973150)
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