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To be useful to Federal policymakers, quantita-
tive methods for evaluating research and devel-
opment (R&D) must provide reliable results and
fit with existing decisionmaking procedures. As
we have seen, neither the economic rate-of-return
models nor the noneconomic science indicators
can answer all the questions facing policymakers.
The economic models do not even meet the needs
of industrial private managers, for whom eco-
nomic payoff is the primary concern. One should
not be surprised, therefore, that these models of-
fer little help in making Federal R&D decisions,
in which economic payoff is only one of many
criteria and often a secondary consideration. In
addition, the users of Federal R&D are not cap-
tive. Information produced through federally
funded R&D is, in most cases, available to any-
one who seeks access. Thus, the benefits are dis-
persed in a way that makes accounting for them
nearly impossible.

The goal of federally funded research is not
profitability, but a means of achieving social ob-
jectives, whether they be health, national secu-
rity, or the enhancement of knowledge and edu-
cation. The Federal research infrastructure is
designed to provide a stable environment for these
goals, despite a changing political environment.
This creates an R&D management environment
very different from industry, where reorganiza-
tion is more easily achieved.

In addition, Federal research programs must be
responsive to many more groups than industrial
research efforts, and this affects the manner by
which the research agenda is shaped. The proc-
ess of obtaining funds from the taxpayer for mis-
sion research is complex and quite unlike the R&D
decisionmaking apparatus found in industry. The
budget process is the first of many hurdles, fol-
lowed by levels of decisionmaking at the agency
level, institute or directorate level, program level,
and advisory board level. On occasion, Congress
has attempted to influence the administration and
execution of research programs by using mecha-

nisms such as appropriations riders. Thus, research
funding decisions in the Federal Government are
subject to levels of review and requirements for
accountability unheard of in industry.

To understand the limited utility of quantita-
tive methods for measuring return on Federal
R&D, it is important to recognize the complex-
ity of the processes leading to the actual invest-
ment decisions. Attempts at evaluating research
decisionmaking should be analyzed in the context
of the scale and structure of scientific activity in
the United States. It is estimated that the Federal
Government will be responsible for 49 percent of
national R&D expenditures in 1986, up from 46
percent in 1982.'The structure of support is
pluralistic and decentralized, with 10 agencies re-
sponsible for R&D functions. The budgets of each
agency differ enormously, as depicted in table 11.
Methods for project selection and program evalu-
ation also differ between agencies, reflecting the
decentralized and pluralistic nature of the system.
These differences are attributable to the age of the
agency, the size of the budget, the levels of basic
and applied research, agency mission, and the
management “traditions” institutionalized over
time. In all cases, decisions are made incrementally.

To understand how quantitative methods can
be used in Federal decisionmaking, we have to
look at the types of decisions that must be made
and how these decisions are being made now. Pol-
icymakers must establish priorities among all gov-
ernment programs, among the various scientific
disciplines, and among projects within a dis-
cipline. These priorities are then applied to deci-
sions about research budgets, project selection and
termination, and program evaluation. We will
look at how these decisions are now made and
evaluate the potential for using quantitative meth-
ods to assist in the process.

‘National Science Foundation, Divisionot Science Resources
Studies, Science and Technology Data Book(Washington DC. NSF,
1986).
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Table 11.- Federal Obligations for Research and Development by Character of Work and R&D Plant:
Fiscal Years 1984=85 (thousands of dollars)

Total R&D and

Research

Applied

Fiscal year and agency R&D plant Total R&D Basic research  research Development R&D plant
Fiscal year 1984 (estimated):

Total, all agencies . 46,554,924 44,835,777 6,981,031 8,127,270 29,727,478 1,719,145
Department of Agriculture. 925,364 871,942 386,442 455,594 29,906 53,422
Department of Commerce 367,252 360,021 20,522 272,644 66,855 7,231
Department of Defense 27,987,145 27,540,045 816,590 2,168,184 24,555,271 447,1 co
Department of Energy®. 5,770,604 4,825,576 841,671 1,231,733 2,752,172 945,028
Department of Health and ‘Human Services’: 4,921,924 4,864,292 2,793,052 1,705,911 365,329 57,632
Department of the Interior 427,558 421,825 124,667 276,330 20,828 5731
Department of Transportation Lo 538,429 515,929 600 81,990 433,339 22,500
National Aeronautics and Space Administration 3,044,400 2,888,900 689,133 1,012,031 1,187,738 155,500
National Science Foundation. 1,247,580 1,238,480 1,172,466 66,014 9,100
Veterans Administration 228,100 220,900 15,200 189,700 16,000 7,200
Otheragencies . . . .................1il;o11mooo 1,096,568 1,087,867 120,688 667,139 300,040 8.701
Fiscal year 1985 (estimated):

Total, all agencies. C e e 54,072,393 52,253,607 7,637,587 8,396,633 36,21 ‘3,387 1,818,786
Department of Agriculture. ., . . 926,711 898,941 419,727 449,981 29,233 27,770
Department of Commerce 282,357 270,559 18,416 201,187 50,956 11,798
Department of Defense 34,510,984 34,142,084 913,195 2,408,204  30,822.685 368,900
Department of Energy'.: 6,146,700 4,962,272 944,517 1,268,964 2,748,791 1,184,428
Department of Health and Human Services’: : 4,967,872 4,953,972 2,925,916 1,679,147 348,109 13,900
Department of the Interior " . " 369,209 368,989 102,762 248,556 17, [ 71 220
Department of Transportation 505,704 495,204 400 79,630 415,174 10,500
National Aeronautics and Space Administration 3,499,400 3,339,400 826,721 1,088,063 1 ,424,(16 160,000
National Science Foundation 1 426 567 1,414,017 1,335,809 78,208 12,550
Veterans Administration " 207,600 194,500 15,000 160,000 19,500 . 13,100
Other Services 1,229, 289 1,213,669 135,124 736,693 341,852 15.620

3Data shown for fiscal years 1956.73 and fiscal years 1974-76 represent obligations of the Atomic Energy Commission (A EC) and the Energy Research and Development

Administration, respectively.

Data shown for fiscal years 1955-78 represent obligations of the Department of Health, Education. and Welfare.

SOURCE: National Science Foundation.

THE R&D BUDGETARY PROCESS

The process of budgeting is a process of com-
promising among competing values over how
funds should be expended. Since funding is essen-
tial for any public policy, the budget process deals
directly with how values are allocated in a politi-
cal system. ” It is a political process. *

Most descriptions of the Federal budget proc-
ess include schematic diagrams (see figures 3 and
4) that show the timetable for executive and legis-
lative action. These outlines usually highlight the
deadlines for agency budget estimates and the pas-
sage of resolutions. The truly significant charac-
teristics of the budgetary process, however, are
obscured by the arrows and dotted lines. The
process is too complex to be characterized solely

‘William L. Morrow, Public Administration: Politics. Policy
and the Political System (New York: Random House, 1980), p. 309.

by a list of important dates. Outlines and dia-
grams do not explain how Congress, the Congres-
sional Budget Office (CBO), the President, the Of-
fice of Management and Budget (OMB), and the
executive agencies formulate recommendations for
appropriations and budget outlays. No drawing
can adequately represent the influence of the in-
cremental method—the major method for calcu-
lating budgets at the Federal level.’

Incrementalism informs all aspects of decision-
making in normal budget years. Last year’s budget
is the single most important factor in determin-
ing this year’s budget, which is the single most
important factor in determining this year’s author-

‘Aaron Wildavsky, The Politics of the Budgetary Process { Bos-
ton, MA: Little, Brown & Co,, 1984), p 13



63

Approximate
timing

Budget policy develo

March
(or earner in
some agencies)

April
May

May

June

Figure 3.—Formulation of the Pesident’'s Budget

Agency

ent

Ottice ot Management and Budget

Reviews current
operations, program
objectives, issues,
and future plans in
reiation to upcoming
annual budget. Sub-
mits projections of
requirements that
reflect current oper-
ations and future
plans, supporting
memorandums, and
related analytic
studies that identify
major issues aitemna-
tives for resolving
Issues, and compark
sons of costs and ef-
lectiveness.

lops economic assumptions. Obtains
forecasts of intemational domestic situations.
Prepares fiscal projections.®

e FPeSsident

Issues policy quidance on material to be
daveloped for spring planning review

Discusses budgetary
outiook and policies
with the director of
OMB and with the
cabinet as appro-
priate.

Discusses program deveiopments ana
management :ssues, and resuiting budgetary
sffects, with agencies.

Gompiles total outiay estimates for comparison
with revenue ~stimates.

recommendations for President on fiscal policy,?
program issues. and budget ievels.

|ssues internal in-
structions on prepa-
ration of annual
budget estimates.

issues technical instructions tor praparation ot
annual budget ostimates.

Compilation and

submission

of

agency estimates

Conveys President’s decision to agency heads on
jovernment wide policies and assumptions,
application of policies, and budgetary planning
targets to individual agencies.

July-
September
30

Allocates budgetary
planning target to
agency programs.
Develops and com-
piles detaiied
estimates.

Jiscusses with the
director of OMB,

and others as neces-
sary, general budget
policy, major pro-
gram issues, bud-
jetary planning
largets, and pro-
jections.

Establishes general
guidelines and agency
planning targets for
annual budget.

Advises and assists agencies on preparation ot
budget submissions.

Otfice of Management
review and

and Budget
presidential

decisions

September
October
November

Submits formal esti-
mates for annual
budget, including
projections of require-
ments for future
years and supporting
materials.

Analyzes budget submissions. Hoids heanngs
with agency reoresentatives on program, budget,
and management issues in preparation tor
director's review.

Reexamines economic assumptions and tiscal
policies.® Discusses program deveiopments with
agencies. in ticht ot outlook and policy
discussion witn President, prepares budget
recommendations for President.

December
January
February

Revises estimates to
conform to Presi-
dent’s decisions.

Notitles agency heads of President's decisions.

———————]

Again reviews cconomic outiook and fiscal policy
for discussion with President of economic
policies.® Drafis President’'s budget message:;
prepares budget with summary tabies, budget
appendix, spec:al analyses, and budget-in-brief.
Arranges printing of budget documents.

HKeviews puaget recom-
mendations and
decides on agency
budget amounts and
on overail budget
assumptions and
policies.

‘In cooperation with the Treasury Department and the Council of Economic Advisers.

Revises and approves
budget message.

Transmits recom-
mended budget to
Congress within 15
days after Congress
convenes.

R

Congress

SOURCE William L Morrow, Public Administration: Politics, Policy and the Political system (New York Random House. 1980),pp27-28
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Figure 4.—The Congressional Budget Process

= June A
o
2 To extent practiceabls, CBO cost analyses and 5-year
° projections will accompany ail reported public bills,
3 except appropriation bilis [sec. 403}
© Reports on new budget authority and tax expenditure . }
H bills must contain comparisons with first concurrent CBO issues periodic scorekeeping reports comparing
c < July resolution and S-year projections {sec. 308(a)] congressional action with first concurrent resotution
o
5 It a committee reports new entitiement legisiation that [sec. 308(b)]
] exceeds appropriate aliocation in latest concurrent
Tg resolution, it shall be referred to the appropriations
o committee with instructions to report its recommenda-
e tions within 15 days [sec. 401(bX2)]
L3
é Bud i d
5 * udget committees prepare second concurrent
[&] August t resolution and report
Seventh day after Labor Day: Congress completes action '
on ail budget and spending authority bilis [sec. 309}
; s 15: Congress completes action on second concurrent
3% resolution [sec. 301(a), (b))
H ;“ Thereafter, neither house may consider any bill, amend-
§ Q ment, or conference report that would result in an
58 jeptember increase over budget outiay or authority figures or a
;9 reduction in revenue level adopted in second concurrent
2 g < resolution [sec. 311(a)}
ng 25: Congress completes action on reconciliation bill or
5 s resolution [sec. 310(c)-(e)]
5 E Congress may not adjourn until it completes action on
id second concurrent resolution—and reconciliation, if any
% ‘é? [sec. 310(f)
October Fiscal year begins
SOURCE; William L. Morrow, Public Aaministration. Politics, Policy and the Potitical System (New York: Random House, 1980), pp 40, 43
October 1: Fiscal year begins [sec. 501] ’
c CBO five-year projections (as soon as possible after
o % November | 10: President submits current services budget {sec. 805(a)} > October 1) [sec. 308(c)]
a2
]
59 31: Joint Economic Committee reports analysis of current
gf Jecember services budget to budget committees [sec. 605(b)] +
@ &
[
H 5 3 Approximately last week of month: President submits
g‘n e anuary budget (15 days after Congress convenes) [sec. 601]
= Q
g ; < February
S 15: All committees and joint committees submit estimates Budget committees hold hearings; begin work on first
) and views to budget committees [sec. 301(c)] concurrent resolution [sec. 301(d)]
55 March Legisiation providing contract or borrowing authority must
E= be made subject to amounts provided in appropriation
55 acts [sec. 401(a)]
€5
5 1: CBO report to budget committees [sec. 202(f)] £ House and Senate consider first concurrent resolution [sec. 305)
- April 1-15: Budget committees raport first concurrent yConference action and adoption of conference report [sec. 305]
s resolution (on or before April 15) [sec. 301(d)] Conterence report accompanied by joint explanatory statement,
23 which allocates total ievels of budget authority and outlays amon
=35 Congress—until seventh day after Labor Day— | committees [sec. 302(b)]
5% snacts appropriations and spending bills ! Bafore adoption of concurrent resolution, neither house may
S :< 15: Congress compietes action on first } consider new budget authority or ¢ pending authority bills,
=5 soncurrent resolution [sec. 301(a)] | revenue changes, or debt limit chunges (some exceptions, and
S '§ 15: Deadline for committass to rapont { walvsr procsdurs) [sec. 303(a)-{c})}
2 2 authorization bills (some exceptions, and waiver | Before reporting first regular anpropriation bill, House
S \ May procedure) [sec. 402(a)-(e)] |  Appropriations Committee, to extent practicable, marks
r i up aii reguiar appropriation biiis and submiis to House
| summary report comparing proposed outlays and budget
1 authority levels with first concurrent resolution [sec. 307]
b After adoption of first cancurrent resolution, each committee
subdivides its allocation among its subcommittees, and
promptiy reponts such subdivisions to its house [sec. 302(b)]
SOURCE: House Budget Committee Section numbers are from the Congressional Budget and Impoundment Control Act of 1974




66

The number of actors involved in the setting
of an agency budget is enormous. The three tracks
of the budgetary process—authorization, appro-
priation, and reconciliation-each focus on differ-
ent dimensions of the agency budget, and each
yields its own version. Disparity may occur be-
tween the three versions within one Chamber of
Congress, as well as between the House and Sen-
ate versions. Throughout the congressional bud-
get process, industrial research organizations, sci-
entists, and scientific and professional societies,
whose members benefit from research funds, lob-
by Congress to support increased funding for
those programs.

PROJECT SELECTION

Once an agency receives its budget, project
selection procedures and styles differ between
agencies. In National Science Foundation (NSF)
and National Institutes of Health (NIH) investi-
gator-initiated basic research grant programs, the
ideas for new projects come largely from the sci-
entific community through the grant application
process, consensus conferences, and workshops.
The National Science Board and the study sec-
tions of NSF, along with the Advisory Councils
of the 11 National Institutes of Health, provide
additional overall guidance on agency and pro-
gram direction. There is a high degree of confi-
dence in the peer review process at these agen-
cies and in the scientific community. Questions
about the perils of peer review persist but there
have been no proposals for change convincing
enough to overhaul the system. Until a reliable
replacement is found, qualitative, judgmental ap-
proaches will dominate in the selection of basic
research approaches.

This qualitative approach to project selection
has been standard in many agencies since Vanne-
var Bush recommended it in his 1945 report, The
Endless Frontier. "The first R&D agency to truly
implement the concept of peer review as the meth-
od for investing in basic research was the Office

“Vannevar Bush, Science-The Endless Frontier a report to the
President on a Program for Postwar Scientific Research (Washing-
ton, DC: National Science Foundation, 19801 (reprinted from Ot-
fice of Scientific Research and Development, 1945).

The Federal budget process, while susceptible
to confusion and manipulation, is a legitimate at-
tempt to foster some kind of consensus between
legislative and administrative budget actors and
between competing national policies. In addition,
the budget process has become a multi-purpose
vehicle for political and policy statements that are
not necessarily related to the agency’s mission
directly. The process is a cobweb of interaction
rather than a linear progression from investment
to output.

of Naval Research (ONR), a research agency of
the Department of Defense (DOD). ONR uses a
peer review process that relies on both in-house
and external review, The old ONR model of sep-
arating the mission of basic science from the prac-
tical mission of the agency provided the model
for peer review at NSF.

In comparison, mission-oriented programs in
agencies such as DOD, the Department of Energy
(DOE), the National Aeronautics and Space Ad-
ministration (NASA), the U.S. Department of
Agricultural, EPA, and agencies with a relatively
smaller R&D function, such as the Department
of the Interior, the Department of Commerce, the
Nuclear Regulatory Commission (NRC), and the
Veterans Administration, contract for applied re-
search in support of their technology development
or industry support activities, They tend to re-
ceive ideas for new projects from a wide variety
of sources: industry, Congress, their own program
staffs, the national laboratories, and the scientific
community. Regardless of the source of a new
idea, agency staff will usually conduct a feasibil-
ity study to determine whether the new concept
is likely to meet cost, performance, and user-
acceptability criteria. If the results of the study
are promising, the program manager will propose
the project as a line item in the new fiscal year
budget. The administrative officer in charge of the
program area (often an assistant secretary), the
head of the agency, the examiners at OMB, and
(if it represents a sizable fraction of the program
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izations and appropriations. Many items in the
budget are simply reenacted every year unless
there is a special reason to challenge them. In addi-
tion, long-range commitments have often been
made and the current year’s share for previous
commitments must be taken out of the total and
included as part of the annual budget.’These com-
mitments preclude comprehensive assessments of
any agency’s budget. Thus, actors in the budget
process are concerned with relatively small incre-
ments to an existing base. Their attention is fo-
cused on a small number of often politically con-
troversial items over which the budget battle is
fought. Understanding the nature of these battles
is crucial to comprehending the entire process.

The inherently incremental nature of the bud-
getary process precludes in-depth, systematic re-
views of programs and agencies. In the past 20
years, two major attempts have been made to in-
fuse some “rationality” into the process, to
“change the rules of the game. ” In 1965, Presi-
dent Johnson announced the implementation of
the Planning, Programming, and Budgeting Sys-
tem (PPB) at the Federal level. PPB provided deci-
sionmakers with data from systems analysis, cost-
benefit analysis, program budgeting, and cost-
effectiveness studies to support decisions about
alternative courses of action. However, all of the
data generated did not enable policymakers to
establish priorities in a more systematic fashion;
the program failed to account for the political na-
ture of the budgeting process:

PPB . .. could determine, within a reasonable
margin of error, what the results would be if
money was spent for x instead of y. It could also
project how much of x and how much of y could
be purchased or developed for a specified amount
of money. What it could not do was to determine
whether it was best to allocate funds for either
program x or y.’

PPB failed because it set out to tackle an impos-
sible task: the goal of its supporters was to “ob-
jectively determine what is inherently ideal, ra-
tional, and moral in public policy.””

‘Ibid.
Morrow, op. cit., p. 309
"Ibid..p. 310.

In 1974, Congress enacted the Congressional
Budget and Impoundment Act of 1974 (Public
Law 93-344) to provide more focus on the “big
picture” of the Federal budget. The two standing
budget committee and CBO determine the appro-
priate levels of revenues and public debt for each
fiscal year and the subsequent level of total bud-
get outlays and authority. This attempt at bud-
get reconciliation has not affected the incremental
nature of preparing separate agency budgets or
appropriations bills.

President Carter offered another plan to free
the budgetary process from the constraints of in-
crementalism. He introduced the concept of zero-
based budgeting (ZBB). Although its application
is a complicated process, its basic purposes and
procedures are relatively simple to comprehend.
Agencies are directed to bracket their programs
into “decision units. ” Each of these units is as-
signed a priority status— i.e., the degree to which
it is essential to each agency’s operations. A min-
imum expenditure base is supposed to be estab-
lished by the agencies to represent “essential” pro-
gram obligations that, therefore, are safe from
budget cuts. Theoretically, this is the zero base,
with all unnecessary expenditures eliminated. In
practice, the base was often much higher than
zero. Agencies had a vested interest in protect-
ing certain programs. By increasing the level of
the base, the agencies effectively decreased ZBBs
effectiveness in evaluating programs. This new,
arbitrarily established base only served to increase
the budget officials’ dependence on the incre-
mental method. Less than 2 years after it was in-
troduced, ZBB was abandoned by all Federal
agencies, with the exception of the Environmental
Protection Agency (EPA), which still employs this
method today.

Incrementalism in the budgetary process is only
one difficulty encountered in attempting system-
atic review of research agency programs. Com-
prehensive review of Federal R&D efforts is fur-
ther complicated by the fact that the Federal
Government does not have a separate R&D bud-
get. Federal funding for R&D is the sum of those
program requests submitted by individual agen-
cies to OMB, subsequently by the President to
Congress, and approved, rejected, or altered dur-
ing the budget review and appropriation process.
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budget) the staffs of the authorizing and appropri-
ating committees in Congress will review the pro-
posal. The project selection process is complete
only after a project has been formally included
in a congressionally approved budget.

Within DOD, the Defense Advanced Research
Projects Agency (DARPA) uses no formal system
of peer review for project selection, but relies on
the management of contractors by DARPA pro-
gram managers. Occasionally, the Defense Science
Board examines an area of research supported by
DARPA in order to make recommendations for
future action.’

DOE supports R&D carried out through its own
laboratories and by contracting with universities
and industry. Research is evaluated for funding
through the use of peer review, programmatic
technical review, and programmatic management
review.

NASA relies heavily on internal and external
advisory committees for planning future missions,
assigning priorities among them, and selecting spe-
cific experiments. The NASA Office of Aeronau-
tics and Space Technology research programs se-
lect projects by collaborative-review by a network
of both researchers and users of research results. °

Whether project selection is conducted by peers
or agency management, the traditional criteria for
selection are based on qualitative judgments. Like
industry, government seldom uses quantitative
project selection models. A 1974 review of the use
of quantitative methods for project selection in
government agencies revealed that they were used
very little except in a few decisions involving large
development projects. Recent surveys reveal no
evidence that the patterns and extent of use of
guantitative techniques to evaluate proposed re-
search in the Federal Government are undergo-
ing any significant change. *O Recent DOE surveys
reached similar conclusions. *

'7.M.Logsdon and C.B. Rubin, Federal Research Evacuation
Activities (Cambridge, MA: Abt Associates, 1985), p. 14.

‘lbid., p. 17.

°H.Lambright and H. Sterling, National Laboratories and Re-
search Evaluation (Cambridge, MA: Abt Associates, 1985).

“K. G. Feller, AReview of Methods for Evacuating R&D (Liver-
more, CA. Lawrence Livermore Laboratory, 1980); and J. David
Roessner, R&D Project Selection Models 1n the U.S. Department
of Energy (Atlanta, GA: Georgia Institute of Technology, 1981),

J. David Roessner’s”limited study of the use
of R&D project selection models in DOE offers
insight into the different ways models can be used
in Federal agencies and reveals some of their limi-
tations. He reports that the most extensive use of
such models took place in DOE’s energy conser-
vation programs. Program managers at the En-
ergy Research and Development Administration
and later at DOE were under unusual pressure to
justify public expenditures for energy conserva-
tion. At the same time, the conservation program
was confronted with mountains of proposals that
had to be screened and acted on in some system-
atic, defensible fashion. The models helped screen
projects and select those most likely to pay off.
They were also used to justify the program to
Congress, where models received considerable at-
tention. Congress cared less about the project-by-

Project scores than about the aggregate benefit

scores achieved by all projects funded by a pro-
gram. Quantitative estimates of oil displacement
and energy savings generated by the models proved
extremely useful in defending expenditures for R&D
programs. One successful model compared cost-
benefit ratios at the program level based on oil sav-
ings with and without Federal expenditures. These
models evolved gradually and were applied over
several years to project screening and budget deci-
sions. DOE usually used the models with applied
research programs, in which the links to commer-
cial applications were apparent. *

The Department of Energy’s use of cost-benefit
analysis for its conservation program is not rep-
resentative, The connection between technical
improvements and economic benefits in energy
equipment is much more straightforward than for
other technological advances, making a predic-
tive model somewhat useful. Also, economic ben-
efits were the primary goal of the program. Such
conditions are rare in Federal research programs,
and it is instructive that even DOE has limited
its use to a few applied research programs.

“‘Roessner, op. Cit.
‘Ibid., pp. IV-1, 2; V-2.
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RESEARCH PROGRAM EVALUATION

Quantitative methods are only occasionally
used in evaluating the productivity and relevance
of existing programs. A number of agencies are
experimenting with quantitative techniques, but
few have adopted them for use in systematic
evaluation of research programs. Several recent
surveys of research managers in the agencies and
national laboratories found little evidence of
guantitative techniques in research evaluation.

NIH is the only agency consistently using quan-
titative evaluation methods for accountability and
program planning. Its bibliometrics analysis ef-
fort is described in chapter 3. The Alcohol, Drug
Abuse, and Mental Health Administration is plan-
ning to use bibliometric approaches in evaluat-
ing research programs in the future. For other
agencies and other techniques, we find a history
of disappointment.

The National Bureau of Standards (NBS), for
example, made an abortive attempt to measure
the economic impact of individual projects in the
Semiconductor Technology Program. NBS asked
firms that subscribed to a program publication to
estimate the benefits of each project to the firm
and the costs of implementing technical informat-
ion received from NBS. Agency analysts then
compared the social costs with the estimated so-
cial benefits. They also used a production func-
tion to measure the productivity of the entire pro-
gram. The objective was to estimate the changes
in a firm’s productivity attributable to changes in
the stock of R&D capital generated by NBS. NBS
staff reports that these studies were discontinued
because of serious theoretical and methodologi-
cal problems. “NASA’s macroeconomic and ma-
croeconomic approaches to measuring the effects
of its R&D programs (see ch. 2) also met with seri-
ous criticism, and NASA discontinued its efforts. *

The Department of Energy employed an elab-
orate, quantitative evaluation scheme based on

"“Logsdon and Rubin, op. cit.,, p. 34.

“lbid., p. 15; and Henry R. Hertzfeld. "Measuring the Eco-
nomicImpact of Federal Research and Development Investments
inCivilian Space Activities,” paper presented to the National Acad-
emy of Science Workshop on “the Federal Roie in Research and De-
velopment, ” Nov. 21-22, 1985, pp. 9-12 and 16-21,

peer review to evaluate its Basic Energy Science
Program in the early 1980s. Forty small review
panels used a formal rating sheet to evaluate 129
randomly selected projects on publications pro

duced, personnel achievements, and project sum

mary descriptions. Panel members rated projects
for researcher quality, scientific merit, scientific
approach, and productivity. The evaluators com-
pared the results with the scores of comparably
funded, nonlaboratory projects also rated by the
panels. DOE has not applied this expensive and
time-consuming evaluation method to other pro-
grams, but the ONR has adopted some aspects
of the technique.”

In 1982, a National Academy of Sciences panel
conducted a study for NSF of approaches to eval-
uating basic research. They concluded that, be-
yond peer review, “any additional evaluation pro-
cedures should be introduced only if they clearly
enhance rather than constrict the environment in
which the research proceeds, and that formal tech-
niques cannot usefully replace informed techni-
cal judgment. ™" A 1984 survey of 41 research
managers in 11 Federal agencies found that non-
guantitative methods dominated evaluation:

Some form of peer review was used by almost
every Federal agency, both for selecting individ-
ual or team research projects and for exercising
managerial control over them. Peer review is also
the major way that agencies build a case to dem-
onstrate the value of research they support. *

No Federal agency “has in place a research evalu-
ation system which appears to move substantially
beyond the organized use of “informed technical
judgment .**

A review of national laboratory evaluation
techniques uncovers a similar picture. *Most
evaluations of laboratory research are relatively
unstructured and do not assume major importance
among laboratory activities. “ The complexity of

“Logsdon and Rubin, op. cit,, pp. 26-28: and Lambright anc

Stirling, op. cit., p. 28.
‘Logsdon and Rubin, op. cit., p, 38,
“Ibid.. p. 25.
‘Ibid.. p. 38.
~“Lambright and Stirling, op. cit.
?1bid.
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lab roles, which include research performance,
research management, and entrepreneurship, pre-
cludes most formal, quantitative evaluation tech-
niques' 22 some laboratories occasionally use struc
tured peer review and bibliometric techniques,
often performed by outside contractors, but lab
managers view these as “supplements to the less
structured evaluations, rather than substitutions. *

Although economic models for R&D perform-
ance came into use in the 1950s, government re-
search managers have not adopted them for pro-
gram evaluation. This reflects the nature of
research manager concerns as well as the accuracy
of the models. Research managers are responsi-
ble primarily for the quality of research in their
programs, and economic payoff does not neces-
sarily reflect the quality of research. A break-

‘Ibid., p. 9.
‘Ibid., p. 10.

FORECASTING AND STRATEGIC

The extent of agency use of strategic planning
to identify promising future directions for civil-
ian research is not known. DOE’s Energy Research
Advisory Board, NSF’s National Science Board,
and NIH’s scientific advisory councils provide
guidance that might pass for strategic planning.
The NRC and its constituent bodies,—the Na-
tional Academy of Sciences, the National Acad-
emy of Engineering, and the Institute of Medi-
cine—carry out numerous reviews of research
programs and research fields for the executive and
legislative branches. The most comprehensive of
these are the Research Briefings and Five Year
Outlooks prepared by the Committee on Science,
Engineering and Public Policy. Since all NRC
reports are prepared by committees of scientists,
they represent, to some degree, the informed,
consensus-based peer judgments of the scientific
community on the state of the research enterprise.
None of these, however, can be said to consti-
tute true strategic planning or forecasting. For ex-
amples of more systematic forecasting and plan-
ning activities related to science and technology,
one can look to Japan.

through in basic or applied government research
does not guarantee an economic benefit. No eco-
nomic effect will occur unless a private company
decides to incorporate the breakthrough in a prod-
uct, and the success of that product depends on
such factors as the availability of capital, effec-
tive product development, consumer interest,
marketing skill, tax and regulatory environment,
and competition. Research managers have no say
in these other factors and no control over the com-
mercial uses of the research they manage. They
therefore limit their attention to what they can
control—the quality of research.

Bibliometric methods offer a quantitative meas-
ure of research quality, but one not reliable
enough to serve as the sole basis of research evalu-
ation. These methods are, however, a useful sup-
plement to informed technical judgment and the
peer review process.

PLANNING

Planning for Innovation in Japan

The Japanese Science and Technology Agency
(STA), established by the Japanese Government
in 1956, has relied on strategic planning for its
success in identifying technological innovations.
In 1969, STA’s responsibilities expanded to in-
clude funding research as well as coordinating re-
search activities among the various government
ministries and agencies. In addition, STA began
to make technological forecasts. After the results
of the first study were obtained, the agency real-
ized these forecasts would be vital to the creation
of rational, long-term research policies and made
them a regular part of its operating procedures.

The forecast effort begins by identifyin_ eco-
nomic and social needs. Forecasters then surve,
research areas to identify potential scientific and
technological developments that can meet these
needs. They then establish priorities for various
R&D plans. Each forecast is presented in two
ways: one that is “exploratoy or predicative, re-
lating to individuals’ expectations of change given
their accumulated knowledge and experience and



70

another that is normative—that involves setting
an objective and a time-scale within which it is
to be achieved. ”*The forecast is based on a sur-
vey of over 2,000 people from government, acade-
mia, and industry with a broad knowledge of sev-
eral scientific and technological research areas,
who not only answer questions but who also com-
ment on their colleagues remarks.

Industrialists, academics, and government offi-
cials have cited four benefits from the survey
process:

1. The studies provide a mechanism to ensure
that researchers in all sectors, along with pol-
icymakers in government and industry, are
periodically forced to think systematically
about the long-term future.

2. The forecasts yield a general summary of
what is happening, or likely to happen,
across the entire range of R&D activities.
They therefore permit more “holistic” vision-
making, enabling the potential longer term
cross-impacts of developments in ons re-
search field on another to be identified at an
early stage.

3. By surveying comprehensively the intentions
and visions (and thus indirectly the current
strategic R&D activity) of the industrial re-
search community, the surveys provide a
useful mechanism for synthesizing major re-
search trends across science-based sectors.
... Itis the existence of such surveys that
is in part responsible for the strong agree-
ment among Japanese firms as to what are
likely to be the critical future developments
in their sector.

4. The STA forecasts provide a useful mecha-
nism for helping government establish na-
tional priorities in allocating resources. Re-
guirements for infrastructural support can
be identified from the “bottom-up” by indus-
try, rather than being imposed by state plan-
ners who may not always be in touch with
industrial problems. Although such forecasts
do not, in themselves, lead directly to pol-
icy decisions, the systematic information
which they generate helps narrow down the

“John Irvine and Benjamin R. Martin, Foresight m Science:
Picking the Winners (London: Frances Pinter, 1984), p. 108.

range of different views that can be held on
a particular R&D related issue, bringing
eventual consensus that much closer. *

In addition to the STA, the Ministry of interna-
tional Trade and Industry (MITI) and the Agency
for Industrial Science and Technology (AIST) are
responsible for providing funding and long-term
guidance for applied research and development.
Each MITI division, representing a major indus-
trial sector, establishes a long-term plan, which
is revised every 3 to 5 years. Officials from both
the ministry and the agency try to incorporate
these plans into MITI’s vision of the future of Jap-
anese industry. This vision serves as the basis for
MITI and AIST’s long-term R&D plan, which is
also revised every 3 to 5 years. This plan enables
the ministry to spot research trends early and to
predict how new technologies might develop.
These predictions, in turn, form the basis for an
R&D policy that concentrates on initiating re-
search programs in areas of strategic importance.
Like STA's forecasts, MITI’s visions are based on
suggestions that come from the bottom up. Irvine
and Martin stress that the myth of “Japan, Inc. ”
has arisen because foreign commentators have
often overlooked this point:

The process involved here is not one of central-
ized “top down” planning by MITI, which then
imposes its objectives on industry and others (who
do not question them), Instead, most influence
tends to flow in precisely the opposite direction,
with MITI’s role largely confined to “tapping into”
the views and firms where consensus lies. Only
as a last resort are priorities imposed—for examp-
le, to give one industrial sector’s agreed program
precedence over another’s.”

Before the government introduces a new policy
members of an informal working group, which
represents a major trade association, meet to dis-
cuss common long-range goals. These member:
are employees of firms that continuously moni-
tor R&D developments throughout the world
They also have access to the company’s interna
forecasts of technological innovations. The in
formed comments of these members are used by
consulting groups when they design surveys of in

“Ib[d., pp. 110-111.
“Ibid., p. 118.
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dividual industrial sectors .27 The working groups’
suggestions and the sectorwide surveys provide
an essential link between STA’s and MITI’s mac-
roforecasts and firms’ internal forecasts for spe-
cific products .28 According to Martin and Irvine:

From the point of view of industry, the sector
forecasts, because they are much more specific
than the macroforecasts, are much more valuable
for planning corporate R&D strategy. Equally, the
sector studies, based as they are on a synthesis
of industrial views, constitute a key input into dis-
cussions within MITI and STA”

MITI’s role is to construct the broad framework
within which a consensus on long-range R&D
goals can be established; to catalyze the forma-
tion of consensus by sorting and publicizing the
results within the relevant sectors; and to try to
build a consensus among the various industrial
sectors as to long-term R&D priorities.

Several lessons can be learned from MITI’s con-
sensus-generating approach to strategic research
forecasting. First, forecasts that successfully iden-
tify research areas of long-term strategic impor-
tance are based on up-to-date background infor-
mation on research trends gathered from industry,
academic, and government reports from around
the world. Second, the forecasts incorporate
“technology-push” and “market-pull” perspectives
because scientific and technological advances must
be coupled with changing market demands for
technological innovations to be successful. Third,
there are a number of advantages that can be
gained from adopting a bottom-up approach to
forecasting rather than a centralized, “top-down”
approach.

Apart from being dependent on a narrow range
of information inputs, “top-down” forecasts and
the resultant research policies are more likely to
antagonize not only the basic science community
(which may feel that it has been inadequately con-
sulted in the forecast process), but also industry
(which naturally tends to feel that it is in the best
position to judge the commercial prospects for
strategic research). 'o

“Ibid,, p 301
“ Ibid., p 129
‘Ibid., p.128
‘Ibid., p. 143

The last and perhaps most important lesson to
be gained from the STA and MITI forecasts is that
the process of generating the forecasts is much
more important than the product—the specific re-
sults they yield. The process unites people from
different groups and different professions within
those groups and provides a framework within
which they can “communicate directly or indi-
rectly (through a Delphi-style forecast) with each
other. “* Policymakers, professional forecasters,
scientific analysts, and academic and industrial
researchers are periodically forced to think about
long-term R&D activities by the process. This ena-
bles them to coordinate research plans and to form
a consensus on priorities for future strategic re-
search. Furthermore, the process generates a feel-
ing of commitment to the outcomes of the fore-
casting studies. Thus, the predictions become
self-fulfilling prophecies. The Japanese contend
that these five C’'s—communication, concentra-
tion on the future, coordination, creation of con-
sensus, and commitment—have benefited their
strategic planning efforts tremendously. Until
now, these benefits have outweighed such dis-
advantages as forecasts’ tendency to encourage
conservativism and breed excessive competition.
Martin and Irvine warn that this balance might
be upset in the future “as the Japanese place in-
creasing emphasis on more basic research (where
creativity and unconventional approaches are
clearly at a premium ).”*

While other students of Japan warn against
placing too much faith in the apparent tidiness
and completeness of the framework building proc-
ess, the importance of wide participation in goal-
setting is apparent.

The centrally coordinated Japanese R&D sys-
tem has served Japan well in applying basic re-
search findings. Yet, pluralism in the U.S. R&D
system encompasses several attributes. In testi-
mony before the Task Force on Science Policy,
Rodney Nichols of Rockefeller University states
that the pluralism of the system “hedges against

'Ibid.. p. 144.
“Ibid.
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fluctuations in the fashions and policies influenc-
ing any lines of R&D support. %

A full-blown pluralistic system depends upon
a high level of sustained R&D. It runs the risks
of some redundancy when sponsors overlap their
support—surely at the research end of the spec-
trum, where there are many, small projects under-
way through many sponsors. By doing so, it gains
the long-run advantages of giving all missions a
window on research.

“Rodney W. Nichols, testimony presented before the U.S.
House of Representatives, Committee on Science and Technology,
Task Force on Science Policy, Oct. 23, 1985.

Pluralism also protects against the inherent
frailty, even occasional ignorance, of decisions
by research managers. It aims, in principle, to
strengthen the broad swath of R&D by being
aware of how unpredictable are the origins of
great ideas: and how unpredictable are the con-
sequences of results that first seem mere curiosi-
ties. Thus, some funds go to all good ideas in or-
der to ensure that the few seen later to be the best
have had a chance.”

“Ibid, pp. 10-11.



