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In France, the team of Michel Calon, Jean-
Pierre Courtial, William Turner, and Ghislaine
Chartron at the School of Mines in Paris has used
the technique of “co-word” analysis to identify
principal problem areas being worked on by the
laboratones of a major French research institute
and to situate that research in its international
context. Co-word analysis monitors the number
of times that keywords, identified by researchers
as describing a research problem, occur in pairs

in the research literature. A map of the pairings
of these “co-words” can give one a sense of the
structure of a research field .22

“A. Rip and M. Courtial, “Co-word Maps of Biotechnologtes:
An Example of Cognitive Scientometrics.” Scjentometrics, vol.6.
1984, pp. 381-400. M. Callon, et al., “The Transition Model and
Its Exploration Through Co-Word Analysis: Using Graphs for Ne-
gotiating Research Policies,” Centre de Sociologie, Ecole des Mines
de Pans and Centre Nationale de la Recherche Scientitique, mimeo.

THE USE OF BIBLIOMETRICS TO EVALUATE RESEARCH
AT THE NATIONAL INSTITUTES OF HEALTH

Of all the Federal agencies supporting R&D,
NIH conducts the most extensive ex post evalua-
tion of its research through bibliometric studies
and other activities carried out at the individual
institutes. In 1970, the Public Health Service Act
was amended to set aside for evaluation activi-
ties up to 1 percent of the funds appropriated to
any program authorized by the Act for evalua-
tion. Each of the 11 institutes of NIH receives a
separate appropriation from Congress, so that
each can evaluate its own programs. The Program
Evaluation Branch in the Office of the Director
studies cross-cutting issues, develops new ap-
proaches to evaluation, and supports the devel-
opment of data resources for this purpose .23 The
budget for evaluation studies at NIH was $5.8 mil-
lion in 1985 ($2.8 million from set-aside funds and
$3 million from the regular budget). A review of
NIH’s use of bibliometrics illustrate the range of
useful information that can be produced.

NIH Databases

NIH maintains several extensive databases that
are used for evaluation. The IMPAC database
contains detailed information about all active re-
views and awards of NIH grants, including the
names of all principal investigators, the applicant’s
institution, the type of grant, the review group,
priority score awarded through peer review, the
funding institute, and the amount of support. Two
longitudinal databases developed from IMPAC
track the training or funding history for any in-

HelenHoter Gee, “Resources tor Research Policy Development
at the National Institutes ot Health, ” typescript, presented before
the Health Policy Research Working Group, Harvard University,
Mar. 20, 1985.

vestigator who has applied for NIH support. A
separate financial database holds year-end data
on all appropriations and obligations since 1950
for all NIH institutes and mechanisms of support .*

NIH maintains substantive research classifica-
tion systems: Computer Retrieval of Information
on Scientific Projects (CRISP) assigns subdiscipli-
nary classification terms to each grant and con-
tract, Medical Subject Heading (MeSH) provides
subject description and classification information
for every publication indexed in the Medical Liter-
ature Analysis and Retrieval System (MEDLARS)
and MEDLINE. MeSH identifies source of research
support, subject, author, title, journal, data, and
descriptors of the research for every indexed re-
search article published since 1981. These data-
bases are used for literature searches and for eval-
uation of NIH activities in a given research area.

NIH uses a special database, MEDLINE, for
bibliometric analysis. This database contains
records of all articles, notes, and reviews that have
appeared since 1970 in a selected group of bio-
medical journals, along with the sources of finan-
cial support acknowledged by the authors of each
article. There are over 300,000 papers in the data-
base, as well as a record of nearly 2.5 million ci-
tations to those papers. Originally, the 240 jour-
nals of the database covered about 80 percent of
the publications resulting from NIH-supported re-
search. The size of the journal base was expanded
in 1981 to include the entire MEDLARS system
of the National Library of Medicine, nearly 1,000
journals, accounting for 95 percent of NIH-sup-
ported research. This extensive database has been

“Ibid.
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the subject of the bulk of U.S. bibliometric studies,
most of which seek to measure the long-term sci-
entific payoffs from NIH-supported research.

Bibliometric Studies at NIH

Grace M. Carter of the Rand Graduate Insti-
tute conducted the first NIH commissioned bib-
liometric study in 1974.” Carter explored the use
of citations as a measure of the research output
of 747 research project grants and 51 program
project grants awarded on a competitive basis in
fiscal year 1967. The three output measures for
research grants were the priority score received
on renewal applications, the production of at least
one frequently cited article, and the average ci-
tation rate for publications cited at least twice.
Using statistical multivariate analyses, Carter
tested a series of hypotheses about the three re-
search output measures. Her examination of study
section judgments of renewal applications re-
vealed that on average grants proposed for re-
newal produced more useful research results than
other grants. She also found that a grant that
produced a highly cited publication was more
likely to be renewed than one that did not. Thus,
peer group evaluation and citation analysis pro-
duced comparable results.

In addition, Carter found a high correlation be-
tween priority scores on the first grant applica-
tion and the number of subsequent publications
and citations. She also found that research pro-
posals perceived by study sections to have a high
probability of being “exceptionally useful” re-
ceived higher priority scores and more years of
funding than those not so perceived. Carter con-
cluded, rather cautiously, that the concept of “sci-
entific merit” contains enough objective content
that different groups of people meeting several
years apart will agree that one set of grants is more
scientifically meritorious than another set of
grants.”

‘Grace M. Carter, Peer Review, Citations, and Biomedical Re-
search Policy: NIH Grants to Medical School Faculty, prepared for
the Health Resources Administration and the Office of the Assis-
tant Secretary for Planning and Evauation of the Department ot
Hedlth, Education, and Welfare, R-1583-HEW (Washington, DC,
HEW, December 1974).

“lbid., p. v.

Francis Narin furthered the work of Carter by
using bibliometric techniques to obtain quantita-
tive indicators of research performance that were
in general accord with the intuitive expectations
of the research community .27 He was able to es-
tablish a degree of concordance between the struc-
ture of biomedical research literature and the
structure of biomedical knowledge, which enabled
him to use bibliometric databases and analyses
to demonstrate a number of interesting points:

e Utilizing correlational techniques, he was
able to establish correspondence between bib-
liometrically measured research productivity
indicators and quantitative, nonbibliometric
measures, including institutional funding and
institutional ranking based on formal peer
assessment.

¢ |nternational biomedical publication rates are
highly correlated with the GNP and national
affluence (GNP per capita). *

e Changes in U.S. research funding can be as-
sociated with changes in the number and con-
tent of research publication 3 to 5 years later.

® Basic biomedical information is both pub-
lished and cited by scientists supported by
many bureaus, institutes, and divisions at
NIH, forming a pool of fundamental research
knowledge. In contrast, clinical information
is produced and used by a narrower set of
largely clinical researchers. Basic research is
more highly cited than clinical research.

¢ Differences exist in the kinds of research pub-
lications produced by scientists in medical
schools of different sizes and levels of na-
tional prestige. The number of publications

“Francis Narin, Concordance Between Subiect ve and Biblio-
metnic Indicators of the Nature and Quality ot Pertormed Biomedical
Research, a Program Evauation Report for the Office ot Program,
Planning and Evaluation, National Institutes 01 Health (Washing-
ton, DC: NIH, April 1983); Francis Narin, Evaluative Bibliomet-
rics: The Use of Publication and Citation Analysis in the Evalua-
tion of Scientific Activity, monograph prepared for the National
Science Foundation, Accession #PB252339/AS (Springfield, VA: Na-
tiqnal Technical Information Service, March 1976).

“]. Davidson Frame and Francis Narin, “The International Dis-
tribution of Biomedical Publications,” Federation Proceedings, vol.
36, No. 6, May 1977, pp. 1790-1795. Frame and Natin investigated
the U.S. role in international biomedica publication based on counts
of articles, notes, and reviews in 97s biomedical journas, Thev found
that the United States authored 42 percent ot these papers which
were tar more heavily cited than papers trom other countries. Only
4 percent of publications were found to originate trom underdevel-
oped regions.
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produced per dollar of research funding is the
same for the large and small institutions, in-
dicating neither economies or diseconomies
of scale. However, scientists from the larger
medical schools publish their papers in more
prestigious journals, and in a much wider set
of subfields than smaller schools. Smaller
schools can attain a critical mass of research
activity only if they concentrate their re-
search effort in a select area. In addition,
faculty perceptions of the ranking of medi-
cal schools are very much in accord with bib-
liometric measures of the ranking of the same
schools.

* The research supported and performed by the
different institutes is appropriately concen-
trated in the clinical areas corresponding to
their missions.

* Publications resulting from research con-
ducted at NIH are more highly cited than
publications in the same research areas sup-
ported through other sources.

Narin’s work was the basis of the most widely ac-
cepted application of bibliometric techniques—
the Science Indicators series of the National Sci-

ence Foundation®—and provided the fuel for
more extensive use of bibliometrics for evaluation
and planning at NIH. Evaluations include the ef-
fectiveness of various research support mecha-
nisms and training programs, the publication
performance of the different institutes, the respon-
siveness of the research programs to their congres-
sional mandate, and the comparative productivity
of NIH-sponsored research and similar interna-
tional programs.

Bibliometric analysts tested the ability of cita-
tion maps and co-citation clusters to detect tran-
sitions between basic research and clinical research
in the biomedical sciences. *Citation maps of re-
search in Lesch-Nyhan syndrome, Tay-Sachs dis-
ease, and the effects of the drug methotrexate dis-
played the anticipated transitions, though the

®Science Indicators 1972; 1974: 1976; 1978; 1980: 1982; 1984,
reports to the National Science Board, National Science Founda-
tion (Washington, DC: U.S. Government Printing Office, 1973,
1975, 1977, 1979, 1981, 1983, 1985)

“U. S. Department of Health and Human Services, Applic.tions
of Bibliometric Methods to the Analysis and Tracing of Scientific
Discoveries, HHS-NIH Evaluation Report NTIS #PB80-210586
(Springfield, VA: Nationa Technology Information Service, :981).

extent of the transition varied from case to case.
Co-citation cluster analysis identified the basic or
clinical orientation of the different research areas
but did not find the sought-for transition points.

Most recently, NIH has undertaken bibliometric
studies to determine the effectiveness of different
research support mechanisms. For example, a
study of the research centers’ programs using sub-
sequent grant applications and publications as the
criteria, found that a grant to a center is a more
effective mechanism for supporting clinical re-
search than it is for supporting basic science .31 The
Dental Institute used bibliometric analysis to de-
termine that their centers’ program has been ef-
fective in recruiting new scientists to research rele-
vant to the institute's mission. Similarly, the
National Cancer Institute and Francis Narin are
conducting a study to identify the contributors
to the most important research findings of the last
15 years and to determine where the research was
conducted and the mechanisms of support. The
research will test some assumptions of biomedi-
cal research grants policy, for example, that the
individual investigator grant is superior to the
contract and that extramural science is better than
intramural .*

Bibliometrics have also been used for evaluating
biomedical manpower training programs. Peter
Coggeshall, a staff member of the National Acad-
emy of Sciences (NAS), used the NIH database,
NSF grant data, and the NAS Survey of Doctoral
Recipients to compare investigators who had re-
ceived NIH predoctoral training support with two
other groups—a group that had been trained in
departments that had received training grants and
a group that had received no NIH support in any
form. The study concluded that individuals who
received NIH predoctoral support produced su-
perior subsequent career records in terms of pub-
lications and citations, were more likely to be
working on NIH-sponsored activities, and were
more successful in obtaining grants .33

Although Narin’s early work showed that the
distribution of papers supported by each institute

“Gee, op cit,p. 9
“Lou Carrese, Associate Director tor Program Planning and

Analysis, National Cancer Institute. personal communication 1935
et e
Institute ot Medicine, The Career Achievements ot NIH Pre-

doctoral Trainees and Fellows (Washington, DC National Acad-
emy Press, 1984).
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in the basic and clinical medical disciplines fol-
low very closely the institute’s mission, several
institutes continue to pursue the use of bibliomet-
rics to validate accountability. For example, Narin
has recently used bibliographic methods to evalu-
ate trends in pulmonary and hypertension re-
search. He found that National Heart, Lung, and
Blood Institute actions since the passage of the Na-
tional Heart, Blood Vessel, Lung, and Blood Act
of 1972 have led to quantifiable progress in the
research areas listed in the mandate .* Narin’s
work with the National Cancer Institute will be
applied to the same purpose. In addition, the Na-
tional Institute of Mental Health is conducting a
10-year analysis of the publication record of its
grantees for purposes of accountability.

In almost all cases, bibliometric studies evalu-
ated program performance and conformity to
agency or institute mission. In some cases, they
helped to identify areas for future research fund-
ing. The National Institute of Mental Health has
begun to use bibliometrics and cluster groups to
conduct a form of “portfolio analysis. ” Looking
at their program portfolios and the clustering of
research publications by field, they are identify-
ing leading edges of research that might require
more support from their institute. 35 Narin has
shown empirically that bibliometric data may
qualify as an important adjunct measure to more
subjective measures applied through peer review.

The Utility of Bibliometrics for
Research Decisionmaking

Bibliometric techniques provide rough indica-
tors of the quantity, impact, and significance of
the output of a group of scientists’ research. They
are not generally considered valid for measuring
the productivity of individual scientists due to
differences in publishing styles and journal re-
quirements, and the questionable validity of small

‘Public Health Service, Bibliographic Methods for the Evalua-
tion of Trends in Pulmonary and Hypertension Research, NTIS
#PB82-159724, 1982.

“Lawrence J. Rhoades, Science Policy Planning and Evaluation
Branch, Office of Policy Analysis and Coordination, National in-
stitute of Mental Health. personal communication, 1985.

statistical samples. However, Cole and others
have shown that publication counts correlate posi-
tively with other measures of individual scientists’
research quality such as peer review, Nobel Prizes,
and prestige of academic appointment .36

Publication counts give a rough measure of the
guantity of work produced by a research team
or facility. Citation counts are an indicator of the
influence that work has had on the larger scien-
tific community. And the number of citations per
article or the number of highly cited articles pro-
vide a rough measure of the significance of the
work, since important papers tend to be cited
most often. These indicators can help a funding
agency compare the quantity, quality, and visi-
bility of research done by various individuals or
institutions. They can help identify the strong re-
search groups and the relative cost-effectiveness
of research sponsored at different centers.

However, they have two important limitations
with respect to research decisionmaking. First,
they are entirely retrospective. They have no in-
herent future predictive capability, unless one be-
lieves that past performance is an indicator of
likely future achievement—not an unreasonable
assumption. Therefore, they are more applicable
to research program evaluation than to research
planning. Second, they are not applicable to stra-
tegic decisions about resource allocation between
fields. Most bibliometricians contend that the
techniques can only be validly applied within in-
dividual disciplines. Publication and citation prac-
tices vary too widely between fields to allow for
interdisciplinary comparisons. This, unfortu-
nately, makes bibliometric techniques of limited
value for the most important decisions facing
agency heads and congressional decisionmakers—
allocating resources among fields.

It should be noted that some analysts dissent
from this view. Derek de Solla Price, in an un-
published article for the National Research Coun-
cil, argues that the relative strength of different

‘G. A. Cole, The Evaluation of Basic Research in industrial
Laboratories (Cambridge, MA: Abt Associates 1985/p 43
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fields in the United States can be assessed by com-
paring the ratios of the numbers of citations of
U.S. articles in foreign journals to the numbers
of citations of foreign articles in U.S. journals by
field, normalized to account for differences in na-
tional research “output” by field. Price’s scheme
is quite complicated and involves measures of
guality, quantity, and “internationality, ” but it
is a first attempt to compare fields using dimen-
sionless indicators that have been normalized to
remove the effects of different publishing and cit-
ing practices between fields. 37

Co-citation analysis enables one to monitor
how specialties or subfields evolve over time. Co-
gitation analyses display the relationships among
highly cited papers by showing how many times
such papers are cited together in single articles.
Based on co-citations, two-dimensional diagrams
or maps of specialties can be created which illus-
trate the clustering of the most important works
in that specialty, based on the number of citations
By examining changes in the clusters one can track
the evolution of the specialty over time. For ex -
ample, figures 2A, B, C, and D illustrate the evo-
lution of the collagen specialty cluster in biochem-
istry between 1970 and 1973. As can be seen by
comparing figures 2D and A, the cluster map has
become much larger by 1973, and most signifi-
cantly, an entirely new set of research papers has
replaced the cluster of most important works iden-
tified in 1970. This change coincided with the dis-
covery of a new substance, pre-collagen, in 1971,
which totally reoriented the research front in the
specialty. Thus co-citation maps can, in princi-
ple, help one to identify important changes in re-
search specialties over time.

‘-Derek de SollaPrice. “Science Indicators ot Quantity and
Quality for Fine Tuning of United States Investment in Research
inMajor Fields of Science and Technology, " typescript draft, pa-
per prepared at the request of the Commission on Human Resources,
National Research Council, April 1980, typescript draft.

Even without maps, co-citation cluster analy-
sis can help one identify the level of research activ-
ity in different specialties. Table 10 takes specialty

Table 10.—Changes in Sample of Continuing Clusters,
1970-73

Direction 1970-71 1971-72 1972-73

Specialty of change (%) (%) (Ye)
Nuclear levels - 58 45 25
3 2 55 17
1 21 0 58
Adenosine trlphosphatase < 67 25 67
J 0 50 22
1 33 25 11
Australia antigen c 55 54 57
d 4 26 30
n M 20 13
Proton-proton  elastic
scattering ¢ 50 7 44
d 50 2 25
n 0 72 kil
Ultrastructure  of
secretory cells c 50 43 60
a 12 57 0
n 38 0 40
Nuclear magnetic resonance ¢ 37 55 23
d 13 9 54
n 50 36 23
Polysaccharides ¢ 46 44 36
a 46 34 7
n 8 22 57
Crystallizatlon of polymers ¢ 100 100 100
d 0 0 0
n 0 0 0
Affinity  chromatography ¢ 60 67 72
d 20 0 14
n 20 33 14
Leukocytes: chonic
granulomatous disease ¢ 40 63 33
d 13 5 53
n 47 32 14
Collagen ¢ 80 40 27
¢ 20 0 40
n 0 60 33
Erythrocyte membranes ¢ 9 15 58
d 64 5 42
n 27 60 3
Delayed hypersensitivity ¢ 7 46 50
J 15 27 29
1 8 27 21

¢ - continuing, d = dropping, n - new documents

SOURCE YehudaElkana, et al., (eds) Toward a Metric of Science The Advent
of Science Indicators (New York: John Wiley & Sons. 1978).pP 199-201
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clusters in biochemistry and shows, for each, the
percentage of key papers that are identical to the
previous year’s, the percentage that have dropped
out from the previous year, and the percentage
that are new. As can be seen, the specialties vary
appreciably, from crystallization of polymers, for
which the same papers defined the subfield cluster
over all 3 years, to erythrocyte membranes, in
which 64 percent of the important papers dropped
out in 1970, and 80 percent of the papers were
totally new in 1971. If research decisionmakers
are eager to fund specialties where new ideas are
emerging rapidly, data on the evolution of clus-

ter specialties over time could help to identify
fields of rapid change.”

It should be stressed, however, that most bib-
liometncians view publication, citation and co-
citation analyses as complements to, not substi-
tutes for, informed peer evaluation. All three anal-
yses are, of course, ultimately indirect measures
of the scientific community’s peer evaluation of
researcher’s productivity.

“Eugene Garfield, et al., “Citation Data as Science Indicators,
Toward a Metric of Science: The Advent of Science indicators,
Yehuda Elkana, et d., (eds. ) (New York: John Wiley & Sons. 1978),
pp. 196-201.

Figure 2.-Davelopment of a Speciality Cluster, 1970-73
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The figure shows the evolution of the collagen cluster over the 4-year period 1970-73. Boxes contain the names
of first authors of the highly cited papers and years of publication. Lines connect papers co-cited at least
11 times in the corresponding source year.

NOTE A s collagen, 1970, and B s collagen, 1971

Biochem
1966




43

Figure 2.—Deveiopment of a Specialty Cluster, 1970-73 (continued)
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NOTE: C. is collagen, 1972; and D. is collagen, 1973.

SOURCE: Eugene Garfield, et. al., “‘Citation Data as Science Indicators,” Toward a Metric of Science: The Advent of Science
Indicators, Yehuda Elkana, et al., (eds.) (New York: John Wiley & Sons, 1978), pp. 199-201.
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SCIENCE INDICATORS

One method of assessing the health of the re-
search enterprise is to directly question the scien-
tists and administrators involved in it. This is done
in a variety of ways in this country. Individual
scientists are asked to testify at congressional hear-
ings. Federal agencies create scientific advisory
panels to help guide research.

The National Research Council and its constit-
uent bodies—the National Academy of Sciences,
the National Academy of Engineering, and the In-
stitute of Medicine—carry out numerous reviews
of research programs and research fields for the
executive and legislative branches. The most com-
prehensive 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 in-
formed, consensus-based peer judgments of the
scientific community on the state of the research
enterprise. As a check on the validity of such
reports, the government could support detailed
surveys of the scientific community.

However, scientists’ judgments on the state of
their own field of research can rarely be totally
disinterested and often reflect the researcher’s
characteristic desire to investigate more problems
in greater depth than available funding will al-
low. These inherent biases can be compensated,
to some degree, by the use of a variety of science
indicators that are measured by NSF, NIH, and
NRC and published on a regular basis. These in-
dicators include the amount of funds devoted by
the Nation to research and development by source,
sector, nature of the work, performer, and scien-
tific fields; statistics on the distribution of scien-
tific and engineering personnel, graduate students,
and degree recipients by field, sector, and insti-
tution; and the support for graduate education
and training. The NSF Science Indicators tables
include funding levels by agency and even pro-
gram,; the specific institution receiving the funds,

employing the scientists, and training the gradu-
ate students; and funding for specific Standard In-
dustrial Classification codes within industry. Most
lacking in the policy community is a consensus
on which indicators are most relevant and how
the different indicators might be used in combi-
nation to measure the health of the research en-
terprise. A workshop or report on the use of Sci-
ence Indicators to measure the health of the
research enterprise might be a useful first step in
that direction.

One must remember, however, that all meas-
ures or “indicators” of research are inevitably
flawed. Any number describing research is an ab-
stract symbol that depicts, imperfectly, only one
aspect of it. Choosing one measure over another
implies that the measurement use has made some
assumption about what is important. The chosen
measure has meaning only through interpretation.

Even if an acceptable measure of an aspect of
research can be devised, interpretation remains
problematic:

... the inputs [to science]—of dollars, of work-
ing scientist, males, females, and Hispanics, grad-
uate students, post-docs, and professors—are well
known and further broken down into industry,
government, education, or lost to view. We also
have counts of outputs—of papers, citations of
papers, and Nobel Prizes arranged according to
national origin. But how do we know what the
numbers “ought” to be? . . . such indicators help
very little in determining the health of science in
any absolute sense or, more practically, in rela-
tion to what it might be if organized and financed
at some theoretical optimal level .*

These difficulties illustrate the limitations of
science indicators for research evaluation.

"R.S. Morison, “Needs, Leads, and Indicators, " Science, Tech-
nology, and Human Values, vol. 7, winter 1982, pp. 6-7.
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Chapter 4

Research Decisionmaking in Industry:
The Limits to Quantitative Methods

This chapter reviews the use of quantitative
analysis in industry research and development
(R&D) decisionmaking at the level of the individ-
ual firm. OTA reviewed articles, surveys, and
reports, and interviewed several research man-
agers. Very little systematic information is avail-
able about industry’s use of quantitative models
in research resource allocation. A few surveys
cover limited numbers of firms and are not nec-
essarily representative. Much of the material is
in the form of anecdotal accounts of an individ-
ual firm’s uses of certain methods, providing no
information on whether other firms have adopted
similar approaches. Relatively more information
is available about noneconomic gquantitative meth-
ods for project selection than about economic
models. The literature, as well as OTA interviews,
demonstrates the limited practical utility of quan-
titative techniques for research decisionmaking in

industry, and the reliance on subjective judgment
and good communication between R&D, manage-
ment and marketing staffs in the decisionmaking
process.

In the private sector, R&D is an investment that
must compete for corporate support with other
investment opportunities such as plant expansion
or new product marketing. Program and labora-
tory directors must defend the value of their re-
search to top management and decide what mix
of projects is best for the firm. Project managers
must determine whether their projects are pro-
ceeding as planned and whether expected payoffs
will justify costs. This chapter looks in turn at the
use of quantitative methods in review and evalu-
ation of ongoing research, new research project
selection, and research resource allocation as part
of strategic planning.

REVIEW AND EVALUATION OF ONGOING RESEARCH ACTIVITIES

As part of their normal operations and man-
agement, firms periodically review research pro-
grams, projects, and staff to assess progress and
determine the contribution that individual re-
searchers and research groups are making to the
firm’s goals. These reviews can justify research
expenditures to management, assist in budget and.
program planning, or evaluate personnel per-
formance.

Few firms use quantitative methods to review
ongoing research. In 1982, Schainblatt surveyed
34 R&D-intensive firms about methods of meas-
uring research productivity.'The survey focused
on the groups, programs, or other organizational
units, rather than on individual scientists or engi-
neers. Managers in only four firms reported using

A. Schainblatt, “How Companies Measure the Productivity of
Engineers and Scientists, ” Research Management, May 1982, pp.
10-18.

performance or output measures as part of their
program reviews. Only 20 percent of the firms
routinely collected any kind of productivity data,
and 20 of the 34 firms reported using no produc-
tivity-related measures at all.

Several respondents said they had tried for
years to measure R&D productivity but had not
been successful. Noted one research manager,
“We . .. came to the conclusion that there is no
good way to do it on a week-to-week or month-
to-month basis. ” Managers doubted that R&D
productivity measures were meaningful. Accord-
ing to one manager, “Attempts to quantify bene-
fits of R&D have led to monstrosities that caused
more harm than good.

‘Gerald A. Cole, The Evaluationof Basic Research nIndustrial
Laboratories (Cambridge, MA: Abt Associates, 1985), p. 59.
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Macroeconomic Models

The retum-on-investment (ROI) model is one
of a family of economic analysis tools, along with
discounted cash flow analysis and present value
analysis, which business managers use as aids to
investment decisions. These methods are com-
monly applied to decisions where uncertainty is
low. As we have seen in chapter 2, research in-
vestment decisions entail considerable uncer-
tainty. Moreover, the ROl methods carry a bias
against the long-term, high-risk, and high-
uncertainty projects like basic research, and work
in favor of high-vield, short-term investments.’
The bias increases in periods of high inflation like
the 1970s.

Despite the fact that economists have typically
viewed R&D activity as an investment, a num-
ber of scholars recently have criticized the mis-
use by private sector managers of quantitative fi-
nancial techniques for evaluating investments in
R&D and technology more generally. Hayes and
Abernathy argue that the application to invest-
ment decisionmaking of principles of portfolio
management has led U.S. firms to underinvest in
new technologies:

Originally applied to help balance the overall
risk and return of stock and bond portfolios, these
principles have been applied increasingly to the
creation and management of corporate portfolios
—that is, a cluster of companies and product lines
assembled through various modes of diversification
under a single corporate umbrella. When applied
by a remote group ofexperts primarily concerned
with finance and control and lacking hands-on ex-
perience, the analytic formulas of portfolio the-
ory push managers even further toward an ex-
treme of caution in allocating resources. *

Similarly, Hayes and Garvin have argued that
present-value analysis of R&D investment deci-
sions has led to a systematic bias against such in-

'1.E. Hodder and H.E. Riggs, “Pitfalls in Evaluating Risky Proj-
ects,” Harvard Business Review, January-February 1985, pp. 128~
135; and G.F.Mechlinand D. Berg, “Evaluating Research—ROI
1s Not Enough,” Harvard Business Review, September-October 1980,
pp. 93-99.

‘Robert H. Hayes and William J. Abernathy, “Managing Our
Way to Economic Decline,” Harvard Business Review, vol. .s8, No.
4, 1980, pp. 67-77, reprinted in Survival Strategies for American
industry, Alan M. Kantrow (cd. ) (New York: John Wiley & Sons,
1983), PP. 15-3S (quotation 1s from pp. 22-23, 1983 reprint).

vestments, due in part to the use of discount or
“hurdle” rates for such decisions that are too highs
Rather than relying solely on quantitative tech-
niques for the evaluation of R&D investments,
these authors argue that managers must develop
an understanding of the underlying technologies,
and apply informed judgment in making such de-
cisions.

ROI methods, as applied to R&D projects, esti-
mate the economic value of research and compare
it with the cost to the organization. For example,
a firm could estimate the sales or revenues gen-
erated or expected from a new product resulting
from research efforts. Alternatively, the firm
could estimate the share of total profits or sav-
ings attributable to research. The financial results
are usually discounted to reflect the time value
of money.

One major problem with such methods is that
it is difficult to apportion profits generated by a
product developed in the past among research,
development, and marketing activities, all of
which contribute to the process. Even if one could
attach accurate figures to the present payoff from
past research, such calculations offer little guid-
ance for current decisions, which are occurring
under different technological, management, eco-
nomic, and organizational conditions. "In addi-
tion, companies often acquire R&D through pur-
chase, corporate acquisition, or merger; or they
may sell R&D themselves.

ROI techniques seem most applicable to justify-
ing the value of ongoing research to top manage-
ment by placing a value on past research. Such

"As these techniques have gained ever wider use in Investment
decisionmaking, the growth ot capital Investment and R&D spend-
ing m this country has declined ~ We summut that the discounting
approach has contributed to a decreased willingness to investtor the
following reasons: (1)itisotten based on misperceptions of the past
and present economic environment; and (2) itis biased against in-
vestment because of critical errors in the way this theory 1s applied
Bluntly stated, thewillingness ot managers to view thetuture through
the reversed telescope of discounted cash flow s shortchanging the
future Of their compantes.

Robert H. Hayes and David A. Garvin, “Managing As If Tomor-
row Mattered, ” Harvard Business Review, VOI. 00, No. 3, pp. 70-
79, reprinted in Survival Strategies for American Industry, Alan
M. Kantrow (cd. ) (New York: John Wiley & Sons, 1983), pp. 30-
51, (quotation is from p. 37, 1983 reprint).

“B. Twiss, Managing Technological /nnovationNew York Long-
man, 1980 ), pp. 121-122; and D W. Collier, "Measuring the Per-
tormance of R&D Departments, " Research Management. VOI, 20,
No. 2, 1977, pp. 30-34.
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techniques do not appear very helpful for deter-
mining changes in a research program’s budget,
or deciding the fate of particular project. The ROI
methods and other cost/benefit methods, as dem-
onstrated below, are more applicable to decisions
involving setting priorities among a set of applied
research projects.

Business Opportunity Techniques

Collier describes a “business opportunity” tech-
nique that avoids some of the pitfalls of ROI ap-
preaches. ’ It is based on the notion that the pri-
mary objective of industrial research is to identify
and define business opportunities that can be ex-
ploited commercially. Management evaluates the
performance of research staff by comparing its
technical accomplishments against a set of previ-
ously established objectives—for example, to de-
velo,a new control system with certain perform-
ance characteristics. Next, when the project is
completed and is ready to be transferred to the
production and marketing departments, total ex-
pected sales revenues are estimated and discounted
to the present. The result, when divided by the
project’s cost, is a return on research figure which,
if summed across all completed projects, yields
an estimate of the research department’s value to
the company for that year.

The business opportunity method depends on
the accuracy of future sales estimates and of prod-

‘Ibid.
‘Cole, op cit., p. 38.

R&D) PROJECT SELECTION

Relatively more information exists about indus-
try’s use of formal, quantitative techniques to se-
lect R&D projects and shape research portfolios.
An extensive literature on models and methods
exists and it includes some surveys on their use.
These algorithms or heuristic devices help man-
agers assign values to projects, groups of projects,
or other investments. The approaches fall into
four categories:

1. scoring models,
2. economic models,

uct development time, which are subject to sub-
stantial error. Thus, uncertainties in the ROI
method’s allocation of credit for profits retrospec-
tively among the various factors are replaced by
the business opportunity method’s uncertainties
about future payoffs. Collier evidently assumes
that there is a higher level of certainty about fu-
ture profits than about the contribution to prof-
its of past activities. Nevertheless, Collier states
explicitly that neither the ROI nor the business
opportunity method should be used to evaluate
basic research, ’ probably because particular basic
research projects and programs are difficult to tie
uniquely to economic impacts, which may well
be separated from the research by many years and
institutional boundaries.

Little is known about the use of other formal
evaluation techniques such as bibliometrics, pat-
ent counts, and colleague surveys for peer review.
DuPont, Bell Laboratories, and other large indus-
trial research establishments carry out intensive,
annual reviews of their scientists’ work. These re-
views stress the scientists’ contribution to science
and technology, particularly in areas of strategic
interest to the company. The reviews are per-
formed by peers in the fields of research con-
cerned.’No evidence suggests that this practice
is widespread. One complicating factor is that
much industrial R&D is shared work, so attribut-
ing some portion of its output to one individual
is difficult.

‘Ibid., p. 59

3. constrained optimization or portfolio mod-
els, and
4. risk analysis or decision analysis models.

Scoring Models. When scoring models are used,
each project is rated against a series of relevant
decision criteria. Scores for each project are com-
bined through addition or multiplication to de-
velop a single project score.

In a typical application, all candidate projects
are scored and ranked from highest to lowest.
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Since costs are associated with each project, the
allocation decision involves simply going down
the list of projects until the available funds have
been exhausted. This procedure does not consider
the effect of variations in project budgets, mar-
ginal returns from varying project funding levels,
interactions among projects, or changes in annual
budget levels over the life of the projects.

Scoring models have the least demanding in-
put data requirements of the four categories of
models. They are designed to incorporate noneco-
nomic criteria, and can operate on input data in
the form of subjective estimates from knowledge-
able people. The assumptions underlying scoring
models are relatively undemanding: only that ex-
plicit evaluation criteria and a way to quantify
each evaluation be developed. While expert judges
may be used as the source of qualitative input
data, eventually these data must be expressed
guantitatively to be used in a scoring model. The
choice of algorithm to convert qualitative data to
guantitative scores is arbitrary and subjective.

Economic Models. With economic models,
projects are rated against a series of economic cri-
teria such as expected rate of return. A single fig-
ure of merit is produced, typically reflecting the
ratio of the present value of earnings from the
project, including the probability of project suc-
cess, to discounted money flow or investment.
These are essentially capital budgeting models.
Economic models accept only quantitative data
based on estimates of the financial performance
of the project over a specified planning horizon.
These estimates are often generated by program
or project managers or by panels of experts. They
possess no greater intrinsic validity than data de-
veloped for scoring models. This is particularly
true when uncertainties about the technical and
market performances of the technology are high,
a situation frequently encountered in early stages
of applied research. Any estimate of future project
benefits requires subjective input from some well-
informed respondent or group of respondents. 10

N'. R. Baker, “R&D Project Selection Models: An Assessment, ”
IEEE Transactions on Engineering Management, EM-21, Novem-
ber 1974.

Like scoring models, economic models produce
a single figure of merit that is independent of the
figures of merit for competing projects. The sim-
plest application is to rank projects and fund those
scoring highest until the available funds are ex-
hausted. The narrow focus of economic models
may limit their usefulness for government re-
search, where cost and economic gain are only
part of a much larger set of criteria.

Constrained Optimization or Portfolio Models.
These models measure a program’s potential to
meet a goal, usually a series of economic objec-
tives, subject to specified resource constraints. Un-
like scoring and economic models, the focus is on
a mix of projects rather than a simple ranking of
individual projects. In portfolio analysis, mathe-
matical programming techniques are used to eval-
uate the allocation of resources among candidate
projects. The method requires an understanding
of the relationship among resource inputs, tech-
nological performance, and marketplace response.
The decisionmakers must agree that funding just
the right mix of resources among projects is the
key to effective R&D management.

While demanding better data quality and un-
derstanding of underlying technical and economic
processes, portfolio models can handle multiple
constraints and different budget levels over differ-
ent years in the planning horizon. But the use of
these models implies a level of management con-
trol and flexibility to reallocate resources that may
not exist in many situations, particularly in gov-
ernment. "

Risk Analysis or Decision Analysis. These
models produce an expression for the expected
utility of each set of alternative budget allocations
among a set of research projects. Models using
decision analysis have the most complex data re-
guirements, since inputs must be in the form of
probability distributions. As in the case of port-
folio analysis, considerable understanding of under-
lying processes must exist if the benefits of deci-
sion analysis are to be realized. Decision analysis
incorporates expert judgments as well as “objec-
tive” data.

‘K. G. Feller, A Review of Methods tor Evaluating R&D (Liver-
more, CA: Lawrence Livermore Laboratory, 1980),p. 19
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Use of R&D Project Selection Models
in Industry

A 1964 survey of the use of quantitative R&D
project selection methods concluded that while
numerous models and techniques had been pro-
posed, available data showed “little thorough test-
ing and only scattered use of the proposed meth-
ods. ™ A second survey published 2 years later
led to a similar conclusion:

The practice of project selection in industry and
government is dominated by . . . methods de-
pending heavily upon individual or group judg-
ment and using very little quantitative analysis.
The use of cost and return estimates is common,
but very few organizations employ any formal
mathematical model for combining these esti-
mates and generating optimal project portfolios. *

Rubenstein pointed out in 1966 that the use of
guantitative methods by R&D organizations had
not increased appreciably since 1950, and that the
reasons for this had more to do with the nature
of the available data and the R&D decision proc-
ess than with the sophistication of available
models.

In 21968 study of the R&D project selection
practices of 36 firms, Dean found that formal,
quantitative models were not widely used. Sim-
ple scoring models employing only a few criteria
such as probability of technical success, estimated
time to completion, cost, and size of net market
gain were the only mathematical models that had
been tried." Meadows’ 1968 report on practices
in the R&D labs of five major companies found
that the margin of error in estimates undermined
the usefulness of the methodologies. “He provides
a telling example:

‘N. R. Baker and W.H. Pound, “R&D Project Selection: Where
We Stand, ” IEEE Transactions on Engineering Management, EM-
21, November 1974, p. 130.

“A.H.Rubenstein, “Economic Evaluation of Research and De-
velopment: A Brief Survey of Theory and Practice, ” The Journal
of Industrial Engineering, vol. 17, November 1966, p. 616.

“B. V. Dean, “Evacuating, Selecting and Controlling R&D Proj-
ects, ” Research Study 89 (New Y ork: American Management Asso-
ciation, 1968).

“D. L. Meadows, “Estimate Accuracy and Project Selection
Models in Industrial Research, " industrial Management Review.
spring 1968, pp. 105-119

If estimates with only a ten percent error were
inserted in the formula, they could conceivably
lead management to calculate a higher profit ra-
tio for a project actually expected to lose money
for the firm than for one expected to return 230
percent on the money invested in its development.
This sensitivity of the model’s output to error is
important in view of the fact that no laboratory
yet studied has had estimates (of error) averag-
ing as little as ten percent. *

Mansfield, who has conducted numerous stud-
ies of R&D and innovation in industry, noted in
a more recent article that:

. most companies . . . have found it Worth-
while to make economic evaluations of project
proposals and continuing projects, often adapt-
ing such capital budgeting techniques as rate of
return or discounted cash flow to the task at
hand. 1’

But he goes on to say that the nature of the tech-
niques used will vary, depending on the stage of
research. Early on, when costs are low and un-
certainty high, project screening will be quick and
informal. Later, the larger labs make some use of
guantitative methods:

In some labs, they [quantitative methods] are
taken quite seriously indeed; in others they are
little more than window dressing for professional
hunches and intra-company politics . . . The
more sophisticated types of models have not been
extensively used. *

Although it is important to distinguish among
the various research activities when discussing the
use of such models, surveys rarely do so. One
notable exception is a 1971 study of project selec-
tion practices by a task force of the Industrial Re-
search Institute. The task force studied 27 com-
panies and classified their R&D programs into
three types: exploratory, high risk business de-
velopment, and support of existing business, *
Among the firms studied, those engaging in ex-
ploratory R&D generally used simple, unsophisti-

°1 bid., p. 116.

‘"Edwin Mansfield, “How Economists See R&D “ Research
Management, vol. 25, 1982, p.25

“Ibid.

“R, E. Gee, “A Surveyot Current Project Selection Practices
Research Management, vol. 14, September 1971pp 38-45
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cated selection procedures. Decisions on funding
were based on a page or two of qualitative infor-
mation or a simple rating scheme. Decisions on
high risk business development projects were
occasionally supported by more sophisticated,
guantitative techniques such as standard economic
projections. There was very limited use of quan-
titative methods for dealing with uncertainty. For
decisions about projects in support of existing
business, on which quantitative data with very
low uncertainty could be brought to bear, stand-
ard economic projections were widely used. A
1985 survey indicates little has changed: indus-
try managers rely on qualitative evaluation of
basic research programs and proposals.

There is substantial agreement that the less com-
plex scoring models with less demanding input re-
quirements are more appropriate for earlier stages
in the R&D process than the more analytically
sophisticated economic and linear programming
models. One literature review concluded that eco-
nomic models are too quantitative for evaluating
even applied research efforts; they can help only
in identifying the information needed to make a
qualitative estimate of the economic merit of ag)_—
plied research projects. 1Wiss, in the second edi-
tion of his respected text on the management of
technological innovation, finds little value in so-
phisticated analytic models for R&D project
selection:

While the formulae may give satisfactory sym-
bolic representation, it is doubtful whether they
provide a mechanism of much operational value.
The judgments involved are so complex there is
a great danger of the formulae being used to ap-
ply a veneer of pseudo-quantification to support
decisions which have already been taken on differ-
ent considerations . . . If the data is poor they are
little better than descriptive representations of the
problem. When applied to estimates of the order
of inaccuracy discussed earlier, they can do a posi-
tive disservice by concealing in a simple index the
magnitude of uncertainties. However, there are
some types of R&D work where it is possible to
assess both the benefits and costs to a high de-

“W .M. Burnett and D.J.Monetta, Applied Research Project
Selectlon in Mission-Oriented Agencies: An Approach (Washing-
ton, DC: U.S. Department of Energy, Assistant Secretary tor Energy
Technology, Division of Power Systems, 1978).

gree of accuracy. These are usually development
projects.”

The basis for judging the appropriateness of
different types of project selection models for
different stages of R&D should not rest on dis-
tinctions between quantitative and qualitative
data, since it is always possible to assign a num-
ber to qualitative data using some arbitrary al-
gorithm. Rather, the association should be based
on the level of certainty involved in the estimates
of the probability that technical and market per-
formance goals will be achieved at a certain cost
within a specified time. In basic research and in
the early stages of applied research, these factors
can be predicted with little certainty. (See box B.)

Reasons for Levels and Patterns
of Observed Use

Industry managers recognize that attempts to
link basic research activities directly and quan-
titatively to any kind of “payoff’—new products,
profits, corporate image internal consulting,
scientific knowledge, or personnel recruitment—
are flawed and of limited value. The uncertain-
ties are too great, the causal paths too diffuse, the
benefits too difficult to measure, and the time-
frame too extended. Basic research usually rep-
resents a small fraction (5 to 10 percent) of R&D
budgets, and is not subject to the same financial
scrutiny as applied research and development
activities.

The realities of the research process account for
the limited use of quantitative project selection
models. The increasing sophistication of the
models has not improved their acceptance. In fact,
the increased sophistication may create as many
limitations as it removes. ” Fundamental inade-
guacies in the data required greatly limit their
value. Studies of company estimates of project
cost and time requirements show that they are
usually highly inaccurate. Mansfield, et al. ,*
found that in one drug firm, the average ratio of
actual to estimated development costs exceeded

"Twiss, 0op. Cit., p. 135.

‘E. P. Winkofsky, et a., "R&D Budgeting and Project Selection:
A Review of Practices and Models. * TIMS Sudies in the .\ lanage-
ment Sciences, vol. 15, 1980, p. 192

“Mansfield, op. cit
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Box B.—Differences Between Implicit Assumptions of Project Selection Models
and Typical Decision Environments

Implicit Assumptions

Typical Decision Environment

1. Assingle decisionmaker in a well-behaved
environment

2. Perfect information about candidate
projects and their characteristics; outputs,
values, and risks of candidates known and
quantifiable.

3. Well-known, invariant goals.

4. Decisionmaking information is
concentrated in the hands of the
decisionmaker who has all the information
needed to make a decision.

5. The decisionmaker is able to articulate all
consequences.

6. Candidate projects are viewed as
independent entities to be evaluated on
their own merits.

7. A single objective, usually expected value
maximization or profit maximization, is
assumed and the constraints are primarily
budgetary in nature.

8. The best portfolio of projects is
determined on economic grounds.

9. The budget is “optimized” in a single
decision.

10. A single, economically “best” overall
decision is sought.

1. Many decisionmakers and many decision
influencers in a dynamic organization.

2. Imperfect information about candidate
projects and their characteristics; project
outputs and values are difficult to specify;
uncertainty accompanies all estimates.

3. Ever-changing, fuzzy goals.

4. Decisionmaking information is highly
splintered and scattered piecemeal
throughout the organization, with no one
part of the organization having all the
information needed for decisionmaking.

5. The decisionmaker is often unable or
unwilling ,to state outcomes and
consequences.

6. Candidate projects are often technically
and economically interdependent.

7. There are sometimes conflicting multiple
objectives and multiple constraints, and
these are often noneconomic in nature.

8. Satisfactory portfolios may possess many
noneconomic characteristics.

9. An iterative recycling budget
determination process is used.

10. What seems to be the *“best” decision for
the total organization may not be seen as
best by each department or party, so that
many conflicts may arise.

SOURCE: Adapted from William E. Souder, “A System for Using R&D Project Evaluation Models.” Research Managem ent. September 1978, pp. 29-37.

2 to1development time required exceeded esti-
ates by a factor of almost 3. A more recent study
of major innovations developed during a 5-year
period by a large U.S. company indicated that ini-
tial estimates of an R&D project’s expected prof-
itability were no more reliable than the drug firm’s
cost and time estimates. “The chances were about
50-50 that the estimated discounted profit from
a new product or process would be more than
double or less than half the actual discounted
profit .“* The inaccuracies of such measures point

“Mansfield, op. cit,, p. 26

to the potential unreliability of quantitative evalu-
ation of basic research activities.

The reasons for lack of reliance on models for
research decisionmaking include:

+ inadequate treatment of multiple, often in-
terrelated criteria;

+ inadequate treatment of project interrelation-
ships;

+ lack of explicit recognition and incorporation
of the experience and knowledge 01 the re-
searchers and managers;
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. inability to recognize and treat nonmonetary
aspects of research programs that are diffi-

_ cult to understand and use; and
Zinadequat e treatment of program and staff

evolution. ®

*Winkofsky, et a., op. cit., pp. 191-192.

Mansfield adds that many models fail to recog-
nize that R&D is a process of uncertainty reduc-
tion—in effect, buying information.” Thus, tech-
nical failures are successes in that they provide
valuable information.

“Mansfield, op. cit., p. 25.

STRATEGIC PLANNING AND RESOURCE ALLOCATION

Throughout the 1960s, company managers gen-
erously funded “open-ended” research—research
that was not necessarily directed toward increas-
ing corporate profits. However, corporate invest-
ment in R&D decreased significantly in the 1970s.
Dr. Alan Frohman, a management consultant and
faculty member at Boston University’s business
school, believes management’s attitude towards
investing in R&D:

... has seesawed from unquestioned support and
optimism in the 1960s to withdrawn support and
discouragement . . . in the 1970s.

“In the 1960s, the attitudes were evidenced by
the building of large, well staffed laboratories,
often remote from the businesses. During the
1970s, the major, painful cutback in both expend-
itures and staffing documented management’s dis-
couragement with the contribution of technology
to the bottom line.”

Giorgio Petroni, a professor who has studied the
history of management, contends that this “dis-
couragement” was caused by the lack of atten-
tion given to strategic planning.

During the 1970s, management, even in “tech-
nology intensive” enterprises, showed little under-
standing of the need to develop technological
expertise within their organizations. Top manage-
ment often did not understand the full importance
of technology as an element of competitive strat-

egy' 28

Petroni and Frohman are not the only scholars
to cite the failure of management to plan for tech-
nological innovation as a major factor in the re-

“Alan L. Frohman, “Managing the Company’'s Technological
Assets, " Research Management, September 1980, pp. 20-24.

*Giorgio Petroni, “Who Should Plan Technological Innova-
tion?” Long Range Planning, vol. 18, No. 5, 1985, pp. 108-115.

duction of profits in American industries. In fact,
in 1980, when Frohman’s study was published,
several major literature reviews emphasized what
Alan Kantrow has called “the strategy-technology
connection. “*

After reviewing the research literature from the
1970s, Kantrow concluded that there is no ra-
tional justification for separating technology from
strategy:

Technological decisions are of fundamental im-
portance to business and, therefore, must be made
in the fullest context of each company’s strategic
thinking. This is plain common sense. It is also
the overwhelming message of this past decade’s
research .30

Based on the little that was known, Kantrow ten-
tatively identified the key elements of corporate
technology strategy:

... good communications, purposeful allocation
of resources, top-level support within the orga-
nization, and careful matching of technology with
the market .”

While scholars and managers alike knew little
about technological planning in 1980, they knew
a good deal about the theories and practices asso-
ciated with strategic management. In the same is-
sue of the Harvard Business Review that featured
Kantrow’s article, a review by Frederic W. Gluck,
et al., stated: “for the better part of this decade,
strategy has been a business buzzword.”*The in-

“Alan M. Kantrow, “Keeping Informed: The Strategy-Technol-
ogy Connection, ” Harvard Business Review, July-August 1980, pp.
6-21.

‘ibid., p. 6.

"Ibid, p. 11.

“"Frederic W. Gluck, et al., ‘Strategic Management tor Com-
petitive Advantage, ” Harvard Business Review, July -August 1980,
p. 154.
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crease in the use, and misuse, of this term is im-
portant because it signifies a shift in managers’
planning approach from technicalities “to substan-
tive issues affecting the long-term well-being of
their enterprise. “*Despite this change, most
managers did not apply these long-term strategies
to their R&D divisions in the 1970s.

However, it is important to note that during
this period there was a significant countertrend.”
The verbose title of a 1973 Chemical Week, tells
the story: “Research Gets the Word: If It Doesn’t
Fit, Forget It—It’s The New Way of Life: R&D
Must Mesh Closely With Corporate Goals. ”*In
1976, Union Carbide’s R&D director told a re-
porter: “R&D is too important to be left to the
R& D’ers; R&D is the future analog of today’s cap-
ital expenditures. " The vice president of Celanese
agreed: “At the high cost of R&D, we can no
longer afford to plan and manage it in a random
manner. It has to be very closely tied to strategic
business planning.

Eastman Kodak, a pioneer in industrial re-
search, was one of the first companies to make
a concerted effort to incorporate R&D issues into
its strategic planning process in the 1970s. This
represented a major change in the company’s
R&D policy from the 1960s when research direc-
tor C.E. K. Mees articulated Kodak’s hands-off

policy:

The best person to decide what research work
shall be done is the man who is doing the research,
and the next best person is the head of the depart-
ment, who knows all about the subject and the
work; after that you leave the field of the best peo-
ple and start on increasingly worse groups, the
first of these being the research director, who is
probably wrong more than half of the time; then
a committee, which is wrong most of the time;

“lbid, p. 154.

“Kantrow, op. cit., does believe that managers awareness “of
the need to Incorporate technological issues within strategic deci-
sion making” (p. 6) grew during the 1970s. However most of his
article emphasized management’s refusal to see the connection be-
tween technology and strategy, Kantrow (personal communication,
1985) said that he believed corporate managers’ views of planning
technological innovation have evolved over the past three decades
(as opposed to swinging from one extreme to another).

“Edward D Weil and Robert R.Cangemi, "Linking Long-Range
Research to Strategic Planning, ” Research Management, May-June
1983, p 33

‘Ibid

Ibid.

and finally, a committee of vice-presidents, which
is wrong all the time.”

In 1978, Kodak formalized the relationship be-
tween corporate management and R&D by estab-
lishing a technological affairs committee .39 Former
Kodak Vice President W.T. Hanson, Jr., outlined
the five tasks given the committee:

1. To assess long-term technical opportunities as
they emerge from the basic research envi-
ronment.

2. To establish broad goals for the commitment
of Kodak R&D resources. These goals should
meet short-term product and process needs as
well as long-term technology needs.

3. To ensure that resources are properly allocated
to develop the technology necessary to sup-
port the longer range business objectives.

4. To approve major corporate product pro-
grams including specific goals which encom-
pass the following:

—schedule,

—specifications of features and functions,
—resources required,

—corporate return, and

—assessment of risk.

5. To monitor progress in corporate projects and
approve any changes which have an impact
on corporate goals.

Corporate projects as well as the committee’s
progress were monitored in weekly meetings,
which were chaired by the Chief Executive Offi-
cer (CEO). The meetings included top manage-
ment and the staff directly responsible for projects
under review. To Hanson, these sessions repre-
sent top management’s “real commitment” to
R&D planning, an idea that was almost unheard
of during Mees’ tenure.

Kodak’s decision to establish a technical advi-
sory committee was not unique. DuPont and
Monsanto, two major chemical manufacturers
that are now entering the field of life sciences, in-
creased the power of already existing committees
in order to streamline the R&D budget allocation
process. Prior to 1979, DuPont had established
an executive committee to oversee the activities
of the R&D divisions. According to Robert C.
Fortney, Executive Vice President of R&D, “the

“Ibid.
‘““W. T. Hanson, Ir Planning R&D at Eastman Kodak Re-
search Management, July 1978, p 24
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head of central research and each of the individ-
ual operating departments had a liaison arrange-
ment with different members of the executive
committee who loosely kept track of the whole
thing.” In 1979, the company was reorganized,
and the loose arrangement between the various
divisions and top management was replaced by
one that was more structured. Fortney believes
this change led to “greater corporate involvement
in deciding how much of [the total budget] would
be in one field, and how much of it would be in
another field. ”“This increase in corporate
involvement has forced the members of the ex-
ecutive committee to become more informed. For
example, Fortney meets bimonthly with the 11 re-
search directors in the company, reads quarterly
research progress reports from the operating de-
partments and the engineering department, re-
views monthly reports from the central research
and development department, and listens to pres-
entations from the first line people on the results
of their research, usually two or three times a
month. In addition, he talks informally with the
research directors about their budget plans .41
Through these formal and informal meetings,
which enable corporate management and R&D
managers to share information, DuPont has tried
to include technological issues in its corporate
strategy.

Like Fortney, Howard Schneiderman of Mon-
santo strengthened an underutilized committee
structure when he became the Senior Vice Presi-
dent for R&D in 1979. Three committees are now
involved in the budget allocation process. The
technology advisory council, chaired by Schnei-
der-man, is composed of the directors and general
managers of R&D and technology. Most of the
council meetings focus on the administrative con-
cerns that effect the management of the scientific
enterprise. The council is also a forum in which
proposals for new or continuing research pro-
grams are suggested and discussed. Then, the tech-
nology review committee, which is also chaired
by Schneiderman and which includes the com-
pany’s senior executives, evaluates these programs
by determining whether or not they are commen-

“Michael F. Wolff, “An Interview With Robert C.Fortney,” Re-
search Management, January/ February 1984, p. 16.
“lbid., p. 17.

surate with the corporation’s goals. Finally, the
programs’ budgets are evaluated and then ap-
proved or rejected by the executive management
committee, which is composed of top manage-
ment (including Schneiderman) and which is
chaired by the company’s CEO. Schneiderman
contends that the change in Monsanto’s view of
the importance of R&D (which is reflected in the
change in the budget allocation process) came
about as a result of the company’s decision to shift
its emphasis from producing industrial chemicals
to the field of life sciences:

One way to put it is that Monsanto is now into
more brain-intensive and less raw material and

capital-intensive businesses than we have been be-
fore. And that has some enormous consequences
for the way the corporation thinks about research.
That is why . . . R&D suddenly moves forward
in the corporation’s thinking.

In the case of, say commodity chemicals, poly-
styrene, you don’t spend an enormous percent-
age of your sales on research. You have to spend
a reasonable amount, but not 5 or 6 percent. Cer-
tainly not 10 percent! An awful lot of money goes
into building a plant, and you’re spending a lot
on your cement in the ground. So the big deci-
sions are capital decisions.

Now the really big decisions are R&D decisions.
You’re going to see this not in Monsanto alone,
but in other companies too. '2

The use of committees and other formal means
of communication at Monsanto, DuPont, and Ko-
dak is not at all coincidental. What Schneiderman,
Fortney, Hanson and others have learned is that
R&D budgeting is “an information and commu-
nication process. ” While it is true that each com-
pany allocates its resources differently, several
generalizations about the budget process can be
made. After reviewing the literature from the
1970s, Winkofsky, et al., formulated and substan-
tiated these observations:

. the processes are multiperson, involving
many persons throughout the organizational
hierarchy;

. the processes are multilevel, involving or-
ganizational entities at different hierarchies;

‘David Webber, "Chiet Scientist Schneiderman Monsantos
Love Affair With R& D,” Chemical & Engineering News. Dec. 24,
1984, p. 11.
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* the processes are iterative;

® proposals are passed upward through the hi-
erarchy;

* resource allocations are passed downward
through the hierarchy;

¢ goals in implicit or explicit forms are passed
downward through the hierarchy;

* the processes are multicriterion in nature;

¢ there is no unique set of criteria used by all
firms;

* areas of concern which are considered by
many firms include: R&D costs and the prob-
ability of technical success, manufacturing
costs and the probability of commercial suc-
cess, market potential and the probability of
market success, and contribution to cor-
porate goals;

® different levels of the hierarchy may use
different evaluative criteria; and

* the R&D budgeting process may be periodic,
continuous, or periodic-continuous.

This list contains no mention of the use of finan-
cial models. Winkofsky, et al., believe that the
complexity of the allocation process “often con-
founds the formulation of mathematical models. ”
Because different levels of the hierarchy may use
different evaluative criteria, there is no firm base
on which a financial model can be built and uti-
lized effectively by all parties involved in the deci-
sionmaking process.

Managers and scholars now approach budget-
ing as a process that relies on shared information
and communication for its success; thus, it can-
not be easily reduced to mathematical formulae.
Despite the plethora of financial and technologi-
cal forecasting models that have been introduced
in the last 15 years, managers have been reluc-
tant to replace qualitative measures with strictly

“Winkofsky, et a., op. cit., pp. 185-187.

guantitative ones. Most managers use a combi-
nation of qualitative and quantitative techniques,
depending on the stage of research of the project.
Models are used mainly to explore policy alter-
natives. Qualitative evaluation techniques work
best at the level of basic research. A mixture of
guantitative and semi-quantitative techniques
works well at the level of applied research. Reli-
ance on strictly quantitative techniques greatly in-
creases when a project enters the last stages of
product development.

Many executives shy away from using formal
analytical methods because the data generated by
these models often do not reflect assumptions that
are shared throughout the organization. For ex-
ample, Robert L. Bergen, Jr,, manager of cor-
porate R&D at Uniroyal, is “leery about individ-
uals becoming so committed to a number that
they will find it hard to reassess a project later
on, adding that there is always a problem when
the boss ranks things one way and a subordinate
ranks things another. “*

The degree to which executives and their sub-
ordinates’ views are commensurate reflects the
level of communication between individuals and
divisions within the corporation. Most of the liter-
ature in the past 5 years points to gaps in com-
munication as the most important difficulty that
has to be overcome if strategy and technology are
to be linked. New corporate efforts to mesh strat-
egy and technology are occurring at a time when
scientific and technological information is grow-
ing exponentially. Management wants informa-
tion from corporate scientists and engineers and
to share this information with representatives
from the marketing and manufacturing divisions
as often as possible.

“Michael F. Wolff, “Selecting R&D Projects a Uniroval. Re-
search Management, November 1980, p. 8



Chapter 5
Government Decisionmaking



Chapter 5

Government Decisionmaking

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
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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
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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
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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.



