Ol

5

(911
T

Q

11
.U55
1977

+

NSB
Library

NSB 77-468

REPORT OF THE NATIONAL SCIENCE BOARD
TO THE
SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY
OF THE COMMITTEE ON SCIENCE AND TECHNOLOGY

U. S. HOUSE OF REPRESENTATIVES

REGARDING PEER REVIEW PROCEDURES
AT THE

NATIONAL SCIENCE FOUNDATION

NOVEMBER, 1977



\\
s

4

TABLE QF CONTENTS

Introduction

I. THE PEER REVIEW SYSTEM

II. INNOVATION

ITI. SUPPORT OF YOUNG SCIENTISTS

IV. NSF FUNDING OF RESEARCH AT UNDERGRADUATE TEACHING INSTITUTIONS
(4-YEAR COLLEGES)

V.  MISMATCH: THE PROBLEM OF THE IMBALANCE BETWEEN RESOURCES AND
DEMANDS '

APPENDICES
~A. Subcommittee Text
B. NSF Important Notice of January 1976
C. NSB Resolution of June 1975
D. NSB Resolution of March 1977

E. Scientific American: "Peer Review and the Support of Science."



INTRODUCTION

- The report of the Subcommittee on Science, Research and Technology
of the Committee on Science and Technology of the U. S. House of Repre-
sentatives raised a number of concerns about peer review procedures at
the National Science Foundation (NSF). Specifically, the Subcommittee
recommended that the National Science Board (NSB) should:

1.

Study the support of innovative research and report to
Congress.

Study the support of young scientists and report to Congress.

Study the funding of research at undergraduate-teaching
institutions without graduate departments (colleges) by
the Foundation and report to Congress.

Study the extent to which the Foundation should rely on
peer panel review and report to Congress.

Establish an internal Foundation program to monitor problems
arising from the mismatch between the size of the scientific
community and the amount of Foundation funds available for
support of that community, and should report periodically

to Congress. :

Study the question of whether the National Science Foundation
should have formal procedures for considering appeals of
decisions made on award applications and should report to
Congress.

Study the effects of publication of the list of reviewers used
by the Foundation and consider whether publication of the list
in a less aggregatéd form might be desirable.

Collect further information concerning effects on the peer
review system of the level of confidentiality in which peer
reviewers' names and verbatim comments are held. The Board -
should report the information and any conclusions that may
be drawn from it to Congress. Further changes in the level
of confidentiality of the Foundation's peer review system
should be made slowly if at all.



The Board has now completed its studies and herein transmits its findings
to the Congress. . ' -

The peer review process is used to select for funding those projects
offering both the highest quality of science and the greatest prospect
for resultant benefits. The Board is particularly aware that the peer
review process should be open, objective, and free from bias, especially
in this era of increased competition for research funds. The Board also
believes that the peer review process should continue to preserve the
traditional benefits of peer evaluation of intrinsic scientific merit.
At the same time, it is essential that the research community perceive
the peer review process to be fair, and equitable as well as accessible
to all qualified persons--both as research applicants and as reviewers.
These are longstanding and continuing concerns of the Board.

During the past 2 years, the Board has recommended a number of means
to strengthen the Foundation's peer review process. Some of these were
provided as informal suggestions to individual programs; others, however,
have resulted in the establishment of formal policies and practices
within the Foundation. During the past 2 years, the Board and Foundation
have made the following specific changes in the peer review process:

o Establishment of a formalreconsidération  process within each
of the scientific directorates, with right of final review by
the Deputy Director of the Foundation;

0 Annual pu51itatidnﬁbethé&hamééﬁﬁnd‘ﬁnstitutional affiliations
of all reviewers; '

o Provision to applicants of information on the basis for NSF
actions and, when requested, veibatim comments of the peer
reviewers; “

o Development of an extensive list of names of qualified individuals
.in 4-year colleges who are willing to review proposals and serve
on advisory panels, as well as administrative procedures to monitor
~ the utilization of reviewers from 4-year colleges;

o Publication:of ‘the entire Grant Policy Manual in the Federal Register,
with copies available upon request, as a means to further inform
the research community and the public of the Foundation's policies
and procedures; _

o Initiation of a study to determine the effectiveness of reviewing

~ proposals in which all references to the proposers and their
~institutions remain unknown to the reviewer.
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These and other recommendations are contained in formal expressions of
policy and practice by the National Science Foundation Important Notice
of January 1976 (see Appendix .B) and Mational Science Board Resolutions
dated June 1975 (Appendix C) and March 1977 (Appendix D). ‘

To monitor the status of the various scientific disciplines the
Board has established a formal planning environment review which is
designed to link this information to the Foundation's long-range planning
and budgeting processes. The Foundation has also established an evaluation
system whereby each program's planning and grant award decisions are
reviewed periodically by an outside group of scientists.

During the course of the Board's studies of the eight areas of concern
identified by the subcommittee, the Foundation requested that the National
Academy of Sciences (NAS) undertake a detailed assessment of the NSF
peer review system. Although the NAS study has not yet been released,

a discussion of the preliminary findings by Cole, Rubin, and Cole in
Scientific American states:

Our results to date find little evidence in support of the
main criticisms that have been made of the peer-review system.
On the contrary, we have tentatively concluded that the NSF
peer-review system is in general an equitable arrangement that
distributes 1imited funds available for basic research primarily
on the basis of the perceived quality of the applicant's proposal.
In particular, we find the NSF does not discriminate systematically
against noneminent scientists in ways that some critics have
charged. -

The Board's'findings are summarized below:

1. Study the Foundation's Support of Innovative Research

0 A study of four fields of science identified some 85 significant
advances made during the past 20 years. The NSF supported,
wholly or in part, the following percentages of these advances:

1. Cole, S., Rubin, L., and Cole, J. R., "Peer Review and the Support
of Science," Scientific American, October 1977. A copy of this
article appears in Appendix E.




in.mathematics . 50%

in earth sciences’ - 35%
in astronomy 29%
in chemistry 12%

o The above percentages of NSF support to innovations are larger

than the NSF portion of basic research support in each of the
respective fields.

0 University investigators accounted for over 70 percent of the
significant advances during the past 20 years.

0 Only about half of the significant advances resulted directly
from explicit research proposals; the other half came as an
unexpected event or from a general line of research.

2. Study the Foundation's Support of Young Scientists

o There will be increasingly severe competition among young
research scientists and continued diminishing demand by

academic institutions for faculty appointments until at
least 1990.

o The ability of young scientists to secure research support
tends to vary from discipline to discipline.

o Specialized NSF efforts aimed at estab11sh1ng young scientists
in emerging research areas(e.g., the Cellular Biology Program)

have been successful, but indicate that case-by-case development
is required.

3. Study Foundation Funding of Research at Undergraduate Teaching
Institutions Nithout Graduate Departments

0 Many members of coliege faculties are capable of highly productive
research.

o The success ratio of awards to applications is about the same
among all types of institutions.

o Additional efforts are being made to increase the use of college
faculties as reviewers and advisory group members.

~
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4. Study of the Extent to.ﬂhich'the Foundation Should Rely on Peer
Panel Reyiew =~ = ‘ . ' . '

0 The Board and Foundation have completed some peer system studies,
e.g., Perceptions of the NSF Peer Reyiew Process (Hensler, 1976)
and -Reviewer and Proposer Similarity and Its Effect on Award
Decisions (Office of PTanning and Resources Management, 1976) and
others . are in progress. The Board has given careful attention
to the peer review system at a number of its meetings, and two
comprehensive resolutions have resulted (Resolution on Peer '
Review Information, June 1975, and Policy Regarding Peer Review,
March 1977). - .

o Foundation programs in the biological sciences rely significantly
(85 percent of proposals) on a combined individual mail and panel
review system for proposals. Since the end of 1975, six additional
advisory panels have been established in this area, and all major
program activities now have an advisory panel that is used for
proposal review. Foundation programs in the mathematical, physical,
and engineering sciences rely heavily (90 percent of proposals)
on ad hoc mail reviews for proposal evaluation.

0 No single system -- be it panel review or individual peer review --
is adequate for the diverse set of NSF programs, which ranges
from small basic and applied research projects to those that are
large and complex. ‘

o Whether the proposal evaluation is accomplished by individual
reviewers or via a combined individual/panel review, the NSF
program manager makes the recommendation whether or not to fund
a proposal.

5. Establish an Internal Foundation Program to Monitor Problems Arising
From the Mismatch Between the Size of the Scientific Community and
the Amount of Funds Available for Support : '

o There is a continuing problem of disparity in academic science
between resources and claimants.

0 The Board, recognizing the need for improved quantitative analysis,
has sought to develop indicators, and also, to obtain more complete
analysis of trouble spots in science through



Science Resources Studies -- the main source of
descriptive data concerning the Nation's science base

Science Indicators -- a periodic quantitative description
of some output and input trends

Science at the Bicentennial, A Report from the Research
Community, Report of the National Science Board 19/6 -- a

self-analysis by research practitioners of trouble spots
in science.

~ State of Academic Science, The Universities in the Nation's

.~ Research Effort by Bruce L. R. Smith and Joseph J. Karlesky --
a recent special study that documents a deteriorating relationship
between the academic community and the Government.

o The Board has instituted a new p1annihg process ( the Planning
Environment Review) which is designed to strengthen the linkage
between programmatic needs and longer term trends in science.

o The Foundation has established outside reviews for each of its
principal research activities as a means of assessing the quality
of program decisionmaking under conditions of limited resources.

6. Study Whether the NSF Shouid Have Formal Procedures for Considering
the Appeal of Decisions Made in the Peer Review Process

o On January 27, 1976, the Foundation instituted a formal procedure
for reconsideration of adverse actions on proposals that includes
appeal to its Deputy Director.

0 NSF policy now requires that the proposer be given specific
information regarding the basis for any adverse decision,
including verbatim comments from the peer review.

o The Foundation has determined that there is a need for .better
understanding of its peer review process by the academic community.
It is meeting this need through various publications, including a
listing of reviewers and their institutions, and arrangements for
expanded participation by 4-year college faculty members in the
peer review process.
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Study the Effects of Publication of the List of Reviewers Used by
the Foundation and : o

Collect Further Information Concerning Effects on Peer Review System

of the Level of Confidentiality in Which Peer Reviewers' Names and
Verbatim Comments Are Held '

o NSF has published "Listing of Peer Reviewers Used by NSF
Divisions October 1975-September 1976"swhich provides the
research community with information regarding the reviewer
base, and will continue to publish such a 1ist annually.

o The Board has established a policy of providing applicants
reviewers' comments verbatim but will preserve the anonymity
of reviewers in order to continue to secure candid and frank
evaluations. = :

o A Foundation study of 75,000 reviews found Tittle relationship
between (academic) status of applicant's institution and
~ reviewers.

o The National Academy of Sciences is conducting a detailed study
to try to determine the desirability and feasibility of peer
review in which the names and institutional affiliations of
proposers remain unknown to the reviewer.
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I. PEER REVIEW SYSTEM

SUBCOMMITTEE RECOMMENDATIONS AND NSB FOCUS OF ACTION 

The Subcommittee on Science, Research, and Technology recommended
that the Natioral Science Board (NSB) study eight specific areas relating
to the National Science Foundation's (NSF) use of peer review (see
Appendix A). This paper focuses on four of these areas--those relating
to the research community's perception of objectivity and openness in the
peer review process. In the words of the subcommittee, the NSB was
requested to:

0 Study the extent to which the Foundation should rely on
peer panel review and report to Congress.

o Study the question of whether the National Science Foun-
dation should have formal procedures for considering appeals
of decisions made on award applications and should report to
Congress. :

0 Study the effects of publication of the list of reviewers
used by the Foundation and consider whether publication of
the list in a less aggregated form might be desirable.

o Collect further information concerning effects on the peer
review system of the level of confidentiality in which peer
reviewers' names and verbatim comments are held. The Board
should report the information and any conclusions that may
be drawn from it to Congress. Further changes in the Tevel of
confidentiality of the Foundation's peer review system should
be made slowly if at all.

This paper describes how the NSF peer review system operates, current
practices concerning the use of panels for review, mechanisms for appeal,
and means for respecting reviewer confidentiality.

During the past several years, the NSB has conducted a thorough
examination of the Foundation's peer review system. Based on this
examination, the Board has made a number of recommendations for
improving the peer review process. These recommendations were adopted
into formal expressions of policy and practice by the National Science
Foundation Important Notice of January 1976 (see Appendix B) and
National Science Board Resolutions dated June 1975 (see Appendix C)
and March 1977 (see Appendix D). These policies provide individual
proposers greater access to information regarding the basis for NSF
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actions and, where necessary, further means for discussing adverse
actions with Foundation officials. So that the Board can better
insure the adequacy of the review process, it has requested that the
NSF provide specific information regarding the names and organizational
affiliations of proposers and the numbers of formal appeals initiated
in each program area., On July 29, 1977, the Foundation published its
entire Grant Policy Manual in the Federal Register and will make copies
available to all upon request. '

Board examination of the peer review process is ongoing. A
National Academy of Sciences (PAS) study of the proposal ratings
procedures is almost complete.' A recently awarded contract has enabled
the NAS to expand its study to include a determination of the conse-
quences (if any) of peer review in which the name of the individual
proposer and organization remain unknown to the reviewer.

Characteristics of the NSF Peer Review

~ The Foundation considers approximately 26,000 proposals for
funding each year. Because the proposals vary widely based on the
nature of the proposed research, they require different kinds of
evaluation. A1l proposals, however, are reviewed through a peer
review process designed to solicit evaluation by experts regarding
the quality of the proposed research and its intrinsic merit to the
advancement of science. The sequence of steps to review a proposal
was detailed in the NSF testimony to the Senate Subcommittee of the
Committee on Appropriations (HR 7554, pp. 210-250). The decision
to fund an individual proposal is based on the individual program
manager's recommendation, followed by reviews by the appropriate
section head, Division Director, and, at times, the Directorate
Assistant Director. The recommendation is also reviewed by an Action
Review Board composed of Foundation officials external to the specific
program area to which the proposal applies.

The Foundation uses three principal methods of peer review: (1)
ad hoc mail review; (2) panel review by an assembled group of experts;
and (3) a combination of ad hoc mail and panel review. Use of these
forms of peer review varies among the NSF directorates as detailed
in Table I.1.

1. Although the NAS study has not yet been released, the preliminary
findings are discussed in "Peer Review and the Support of Science,"
Scientific American, October 1977. A reprint of this article
appears in Appendix E.
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Table I.1--NSF Proposal Review Methods By Directorate

October 1976 - September 1977 (percentages)

AAEQ BBS MPE RA SE STIA

Ad Hoc Mail '
Review Only 61 13 90 92 1. 80

Combined Ad Hoc Mail
and Panel Review 35 85 10 3 50 3
Panel Review Only 4 2 5 49 17

Number of Proposals
Reviewed FY 77 through
8/31/77 - 1,823 4,174 5,979 774 2,713 546

Average Number of
Reviewers per Proposal 6.5 6.2 4.2 6.5 8.0 6.5

AAEQ = Astronomical, Atmospheric, Earth, and Ocean Sciences
BBS = Biological, Behavioral, and Social Sciences

MPE = Mathematical and Physical Sciences and Engineering
RA = Research Applications

SE = Science Education

STIA = Scientific, Technological, and International Affairs
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Ad hoc mail reviewers are chosen by the program director following
policies set forth in the Board resolution of March 1977 (section III).
Advisory committee (panel) members are appointed by the Assistant
Director.. Efforts are made to utilize the broadest possible cadre of
reviewers and panelists. The list of qualified reviewers is updated
continually. Membership on advisory panels is limited to 2- or 3-
year terms.

For ad hoc mail review, the program manager selects 3 to 10 reviewers
deemed qualified to evaluate the proposal. These reviewers are sent
copies of the proposal, reviewing forms, and general criteria for use
in evaluating the proposal. The reviewers are requested to provide (1)
an objective evaluation of the proposal (from excellent to poor) and
(2) written comments with regard to the stated criteria.

For panel review, panelists are sent a package of individual pro-
posals several weeks before the appropriate panel meeting and asked to
consider the package of proposals. These panels, composed of 5 to 12
individuals, usually meet 3 times a year for 1- to 3-day sessions. At
the meetings the members consider any mail reviews, compare their
assessments, and then make an overall panel recommendation. When the
number of proposals is large, the program director requests selected
panel members to act as "primary reviewers" of each proposal. Any
panel member, however, may review any proposal.

The Foundation uses various combinations of ad hoc mail and panel
review procedures to accommodate the needs and traditions of the various
scientific disciplines and to correspond more closely to other agencies'
means of conducting reviews. 1In the physical sciences, ad hoc mail
review has been and continues to be the dominant means by which the
MPE directorate conducts reviews. Within the biological and social
sciences, it is customary to place heavy reliance upon detailed dis-
cussions of individual proposals by assembled panels, supplemented
by ad hoc mail reviews. During the past 2 years, the BBS directorate
has sought to increase the use of panel reviews, so that, at present,
nearly all the BBS programs use review panels.

The number of reviewers asked to consider each proposal also
varies (see Table I.1). In the MPE directorate, which is highly
dependent upon mail review, an average of 4.2 experts reviews each
proposal. ~For panel review, the number of reviewers (including panelists)
is somewhat larger. STIA directorates, with their large numbers of
interdisciplinary or multidisciplinary proposals, require the most
reviewers. In certain instances, such as those involving the support
of major laboratories or facilities, two or more panels may be sent to
the site and the Board itself and its program committee may participate
in review discussions.
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Evaluation of Review Procedures

The Subcommittee recommended that the Board "Study the extent to
which the Foundation should rely on peer panel review and report to
Congress." Tn March 1977, the Board issued a formal resolution re-
garding Foundation peer review (see Appendix D). The resolution requires
external peer review of all formal proposals for funding (with only a
few exceptions, such as proposals submitted in response to formal
solicitations that are governed by Federal procurement reguifations).
Each Foundation program must select a "primary method" for peer review
as the minimum review to be accorded all proposals in that program.

The method can be ad hoc mail review, review by an assembled panel of
peers, or a combination of the two. (The primary method can be supple-
mented with additional reviews, site visits, and so forth, as needed.)

The justification for the Board's decision not to make panel review
mandatory was the finding that the quality of Foundation decisionmaking
in the various programs does not appear to vary with review techniques.
Comparisons made among programs by senior Foundation staff members,

NSF advisory committees, and Board members do not suggest that any one
peer review procedure is preferable. It is believed that to impose
uniformity would disturb long-established evaluation patterns that are
well understood in the various scientific communities. Panel review is
most successful when considering proposals that are relatively homo-
geneous in format and scope and when interchanges among experts in
different areas are required (examples include Engineering Research
Initiation Grants, Predoctoral Fellowships, Comprehensive Assistance
to Undergraduate Science Education (CAUSE), and the many "special
projects" and RANN proposals that deal with complex, often interdisci-
plinary and highly heterogeneous proposals). Competent review of pro-
posals of this type often requires site visits, numerous ad hoc
specialist reviewers, interagency discussions, and other appraisal
methods. A panel suitably constituted for review of a specific inter-
disciplinary proposal would rarely be appropriate for others.

Ad hoc mail review provides access to specialized knowledge not
usually available from a balanced panel. It is being used increasingly
in conjunction with panels to obtain expert assessments of a particular
research approach. Because the Board recognizes the wide range of
proposals that are submitted to the Foundation, it permits the
Foundation to select the method of review most appropriate to the nature
of the research.

To complement these review mechanisms, advisory groups or panels

are used to determine an optimum program balance and to define scientific
priorities. They do not review individual propcsals. Advisory panels
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also attempt to facilitate interaction between the Foundation and
the scientific community by providing a direct channel of communi-
cation between research supporters and practitioners.

The costs of advisory panel operations of peer review processes
fall directly upon the research community. The Foundation does not
compensate ad hoc reviewers financially. Most research panel members
(and usually site visitors) are paid a modest daily honorarium to
serve on the panel (they also receive travel allowances). Members
of science education "one-time" panels are paid travel compensation
but receive no honoraria. In FY 1977, the estimated costs paid for
transportation and honoraria for advisory panels used by the NSF
totaled about $900,000.  Most researchers consider participation in the
NSF review process an honor and professional responsibility and par-
ticipate willingly.

Formal Appeals Procedures

This section summarizes actions arising from the Subcommittee
recommendation that the Board:

"Study the question of whether the National Science Foundation
should have formal procedures for considering appeals of

decisions made on award applications .and should report to
Congress." :

On January 27, 1976, the Director of the Foundation instituted a

formal procedure for the reconsideration of adverse actions on pro-
posals (see Appendix B). This procedure requires that applicants be
given certain explicit information regarding the basis for the decision
as well as permission to ask Foundation officials to reconsider
adverse actions. The process provides for three levels of review
within the Foundation up to and including its deputy director.

The steps of the formal procedure are as follows:

1. Upon request, the program director must show cause for an
adverse action by providing the applicant with information
"concerning the basis for NSF action including, when requested,
verbatim comments of the peer reviews." Only the name and
other identifying data of individual reviewers may be deleted.
The program director must afford the applicant an opportunity
to respond to critics' comments. If the situation cannot be
resolved to the satisfaction of the applicant, then,
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2. The applicant may formally request in writing that the
proposal be reyiewed and reconsidered by the appropriate
assistant director. Failing satisfactory resolution,

3. The home institution of the applicant may formally request
that the proposal be reconsidered by the Deputy Director of
the Foundation.

On March 30, 1977, the Board codified and extended the Foundation's
policy regarding the use of peer review by requiring that "...the primary
method of peer review in each program, including the evaluation criteria
reviewers are requested to consider in reviewing proposals, shall be
suitably announced."

The Board notes that a liberal "resubmissions" policy is an impor-
tant adjunct to the review procedure. An effective peer review system
makes use of and encourages the resubmission of research proposals. Most
scientists are willing to assist their colleagues in improving proposals,
and most researchers--after taking into consideration the technical
comments of peers--will modify proposals. This feedback process is an
important element in the operation of a peer review system and one that
provides for substantially strengthened research proposals.

In a special study prepared for the NSB,2 1,552 randomly selected
reviewers and 3,256 applicants were asked, "Would you approve or dis-
approve of NSF setting up a formal standing appeals panel in which
prospective principal investigators could submit a written appeal in
response to a decision on funding which they thought was unfair?"
Three-quarters of the respondents said they would favor such an appeals
system. Most respondents felt such an appeals mechanism would provide
a remedy for mistakes and misjudgments. The principal reason given by
those opposed was that any such formalized arrangement would further
bureaucratize the peer review process.

Much of the interest in an appeals system may represent a desire
for more information regarding deficiencies of the initial proposal.
Foundation peer review procedures now provide for more detailed feed-
back, including verbatim comments of the reviewers. In addition, the
Foundation now publishes a list of reviewers and their institutions
aggregated by directorate. These new measures have done much to supply
applicants information that they felt was not previously available.

In addition, the Foundation has sought to enlarge the cadre of available
reviewers and to make it more representative of nondoctorate institutions.

2. Hensler, Deborah R., "Perceptions of the NSF Peer Review Process,"
National Science Board, December 1976.
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The Board intends to monitor Foundation progress in expanding its
reyiew base and has requested.that the Foundation proyide it a list
of all reviewers. used by each diyision and office as well as statis-
tical analyses of the peer review process.

In the year following the establishment of the reconsideration
procedure, a total of 46 appeal actions were initiated throughout the
Foundation. This is a very small fraction of total NSF actions. In
those program areas (such as RANN) where extensive use is made of pre-
proposals, significantly fewer decisions were appealed. The Board
believes that, with a greater awareness of the right of appeal, and
with continued increasing competition for research awards, it is
likely that formal requests for reconsideration will increase.

Reviewer Identification and Confidentiality

The Subcommittee recommended that the Board:

0 Study the effects of publication of the list of reviewers
used by the Foundation and consider whether publication of
the 1ist in a less aggregated form might be desirable.

o Collect further information concerning effects on the peer
review system of the level of confidentiality in which peer
reviewers' names and verbatim comments are held. The Board

~should report the information and any conclusions that may be
drawn from it to Congress. Further changes in the level of
confidentiality of the Foundation's peer review system should
be made slowly if at all.

The most thoroughly discussed issue of the subcommittee hearings
centered on confidentiality--the extent to which openness in the
decisionmaking process can co-exist with the effective evaluation

of grant applications. Conflict arises because of the dual needs of
providing the individual proposer information relevant to the
Foundation's decision and, at the same time, maintaining the anonymity
of individual reviewers. Individual reviewers and members of peer
panels have long argued that anonymity is essential to obtaining
candid reviews. They have expressed severe reservations regarding
the release of signed comments. Many have indicated that they would
withdraw from any review process that entailed direct reviewer
identification. Peer panel members usually have refused to release
verbatim comments traceable to individuals, but have willingly signed
their names to a joint panel recommendation. The Board understands
these concerns and believes that the new policy of providing unsigned
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verbatim reyiewer comments strikes the best available balance between
confidentiality.and complete information.

Confidentiality is also a concern of applicants. Several maintain
that an unbiased review process can be achieved only if all information
regarding the identity of proposers and their affiliations is secreted.
To assess the potential for prejudice toward applicants, the Foundation
has asked the NAS to conduct an experiment to determine the effects and
desirability of reviewing proposals in which the names and affiliations
of applicants remain unknown to the reviewers. Proposals from four
representative program areas will be reviewed in three different
manners: (1) following the usual Foundation peer review process, (2) by
a su1tab1y constituted panel of experts from the NAS, and (3) by mail
review in which the name of the proposer and home institution are
removed. Results of the three forms of review will then be compared to
determine what differences in results, if any, emerge.

The Foundation has also sought to determine the potential for
favoritism on the part of reviewers due to similarities between the
reviewer and applicant. An internal NSF study of 75,290 reviews made
during FY 1974 found:

o little to no discernible re1at1onship in ratings traceable
to the locations of the proposer's institution and the reviewer's

institution and,

o little effect on ratings from the relationship between the
academic status of the proposer's institution and the reviewer's
- institution.3

To enable research applicants to judge the quality of the
reviewers utilized, the Foundation now publishes the names and institu-
.tions of all reviewers who have participated in reviews of Foundation
proposals during the past year. The first publication, "Listing of
Peer Reviewers Used by NSF Divisions, October 1975 - September 1976 ,"
is available and an updated version is being prepared. Data are
aggregated by directorate.

3. National Science Foundation Office of Planning and Resources
Management, "Reviewer and Proposer Similarity and Its Effect

on Award Decisions,” March 1976.
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II, INNOVATION

SUBCOMMITTEE RECOMMENDATIONS AND NSB FOCUS OF ACTION

The Subcommittee recommended that the National Science Board
"Study the support of innovative research and report to Congress.'
The subcommittee further specified that:

The study should include at least: (1) a detailed analysis

of the issues, starting with those covered in this report,

(2) a retrospective look at some major scientific innovations--
with emphasis on this century--how they were funded and how
they came to be accepted, (3) an assessment of the adequacy

of decision-making procedures used by National Science Foun-
dation programs for finding and funding innovative research,
and (4) recommendations, if necessary, for modified procedures
or new programs designed to ensure that innovative research is
funded.

This paper reports the results of an effort to determine the NSF's
role in funding research lTeading to innovations. The study identified
a sample of 85 significant advances in 4 disciplines made during the
past 20 years and found that NSF support of these innovations exceeded
the NSF portion of Federal funding for basic research in each field.
Specifically, the NSF supported wholly or in part the following
innovations:

In mathematics 50 percent
In earth sciences 35 percent
In-astronomy 29 percent
In chemistry 12 percent.

RESEARCH DESIGN AND METHODOLOGY

The research design for studying the history of innovations included
an attempt to identify the degree of Foundation support in research
innovation. Theoretically, the design concept was simple; the objective
was to identify both the significant innovations in a discipline that
have taken place since the Foundation's inception and the degree to
which the Foundation supported the development of these innovations.
Operationally, however, the concept became complicated. There was un-
certainty as to what constituted innovations and what represented support.
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Designation of significant innoyations within each discipline was
done by researchers actiye in.the respectiye fields. The Foundation
staff selected this group of scientists based.on recommendations from
sources such as NSF program staff members, editors of major journals,
and the relevant section of the National Academy of Sciences. About
30 individuals were approached in each of the 4 fields. The key portion
of the request for assistance mailed to these individuals read as follows:

We would 1ike to obtain from you a 1isting of what you consider
to be the most significant innovations since about 1955 in the
field of » Wwith special attention to those
parts of the field most familiar to you. (We hope you will come
up with about 6 to 10 items.) In your consideration, please be
sure to include significant:

theoretical developments

empirical findings and discoveries
developments in instrumentation
developments in analytical methods .

An innovation should be considered significant to the extent that
it has contributed to, or itself constitutes, a major conceptual,
instrumentational or analytical advance in the field.

The experts were thus asked an open question that left a major term,
"significant innovation," undefined. This approach of allowing for
increased subjectivity seemed superior to a more limiting questionnaire,
and resulted in a wide range of responses. The initial mailing was
followed by reminders. In a few cases, additional individuals were
identified and contacted in an effort to achieve balance among subfields
within a discipline. Table II.1 illustrates the solicitation response
and indicates the number of outside op1n1ons on which the lists of
innovations were based.

In view of both the number of innovations cited by some respondents
and the mixed nature of the particular advances identified, it was
decided to limit the analysis to those innovations mentioned by two
or more experts. Table II.1 shows these to be 20 percent of the total
number of innovations identified (85 out of 426).  Because such small
numbers make statistical inference difficult, a validity check was
performed by conducting a parallel analysis of the once-mentioned
innovations in chemistry. The results of this analysis appear on pp. 11-20.

The lists compiled for each discipline should not be considered
definitive; they both contain and omit specific items that could be
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Table II.1--Innovétidh Study Sample, Retufns and Field

Earth Mathe-
Astronomy Chemistry Sciences matics Total

No. of scientists
queried 28 30 30 31 119

Total no. of scientists
providing listings 16 13 21 17 67

Total no. of -innovations
mentioned " 94 74 140 117 426

No. of innovations men-
tioned by at least
two scientists 21 17 29 18 85

Total no. of investiga-
tors mentioned 218 130 261 177 786

No. of investigators
affiliated with inno-
vations mentioned by
at least two scientists 55 24 51 22 152

viewed differently by other competent authorities. Although there may
be disagreement with some of the items, the composite choice probably
does capture an accurate sample of the advances in each field. As a
check on this, a comprehensive review was commissioned of significant
‘developments in each discipline over the past 20 years. Papers were
prepared by rqsearchers or writers who were familiar with the content
of each field." These papers varied in length. from 50 to 100 pages and
provided fairly rich detail on a broad range of scientific advances in
each field. The papers were used as support materials to assist the
NSF staff in collating and correlating the over 1,000 pages describing
innovations submitted by the research practitioners.

1. These papers are: "A Survey of Mathematical Research, 1950-1975,"
prepared by Lynn Steen, Professor of Mathematics, St. Olaf College;

"The Earth Sciences, 1956-1976," prepared by Ursula Marvin, Research
Scientist, Smithsonian Astrophysical Observatory; "Discovering the
Universe: Major Developments in Astronomy and Astrophysics During the
Past Quarter Century," prepared by William J. Kaufman III, Glendale,
Calif., and "The Development of the Field of Chemistry, 1950-1976,"
prepared by George Kauffman, Professor of Chemistry, California State
University at Fresno. '
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As it turned out, .66 of the 85 innovations (78 percent) mentioned
by 2 or more.of the expert panelists were specified in the history
papers as significant deyelopments. By field, the percentages were:
astronomy (81); chemistry.(76); earth sclences (66); and mathematics (94).

In summary, although the innovations 1ists cannot be considered
definitive statements of progress in each field, they do represent an
accurate sampling of progress and innovation and provide an adequate
basis for examining the Foundation's role therein.

The NSF Record in the Support of Major Innovations in Science

Relevant Foundation activity was identified by a review of grant
records. A1l basic research grant files were searched for the names
of investigators identified by the outside experts as producers of
innovations. This procedure was followed for each discipline.

The search for Foundation funding of identified innovators was
based on computer review of existing grant records on file for the
period 1968-1976, and review of specially created files for the period
1952-1967. Because the use of old and existing resources was coupled
with a computer search using investigator names, some errors were
inevitable. Although results were reviewed and checked by knowledgeable
program staff members, it is possible that the results misstate the
actuality to some minimal degree. Any such error would be in a con-
servative direction, however, resulting from the exclusion of grants
to investigators due to some quirk of recordkeeping or computer search.
Another significant source of error could have derived because the
research design would not have identified Foundation-financed facilities
used in the course of research leading to innovation. In both the
fields of astronomy and earth sciences, for example, there is some
probability that Foundation-financed facilities or instrumentation
played a role that would not necessarily be revealed by examining the
funding source for the individual project. :

Telephone Interviews With Project Investigators:

In order to arrive at a clearer understanding of the circumstances
of the research and sources of support, a telephone survey of the
investigators was conducted. This survey sought to obtain information
on how the discovery came about--whether, for example, the discovery
was the intended object or unintended result of the research project--
and what sources of funding had been solicited for the project.
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Of the total of 152 investigators associated with the 85 major
innovations, it was determined that there were 85 principal investi-
gators or persons primarily responsible for obtaining funds. Of
these 85, 59 were contacted and interviewed. (Twenty-four were not
contacted because they were either deceased or living in foreign
countries. The remaining two could not be contacted despite repeated
attempts.) Where the principal investigator could not be contacted,
at least one other investigator affiliated with the innovation was
interviewed to obtain information. Because of possible problems of
recall, the telephone information on sources of support was checked
against the source of support reported in the publications.

ANALYSIS AND RESULTS

Patterns of Support for the Innovations

The patterns of NSF and other sources of support for the innovations
identified are shown in Table II.2 by field of science and type of
~institution at which the innovation took place. The table reports
instances of support for a given innovation. Thus, in astronomy,
though there were 21 innovations, 23 instances of support are shown.
While the numbers are small, the disciplines show distinct patterns
of support that are clearly related to the overall patterns of research
support for the disciplines. Astronomy innovations derive overwhelmingly
from federally supported projects. Federal agencies provided support
for over two-thirds of the earth sciences and mathematics projects and
for a Tittle over half of the chemistry projects. Industry was a very
significant funder of major innovations in chemistry (nearly one in
three) and made a small contribution to earth sciences, but none to
mathematics. Private foundation support was highly significant in
mathematics (mostly Sloan Foundation fellowships), and played some
role in chemistry, a small role in earth sciences, and none in astronomy.
Research funded solely by the university at which the scientists held
an appointment was negligible in all fields except chemistry.

Universities were the predominant locales in which major innovations
were produced. In mathematics they were the sole performers. Nearly
half of the innovations in astronomy occurred in federally funded
research and development centers (FFRDC's) and Government laboratories.
Nearly one-third of the chemistry innovations took place in industrial
settings; most earth science projects were conducted outside universities.

The NSF incidence of support for all innovations identified ranged
from a high of 50 percent of the innovations in mathematics, to 35 percent
in earth sciences, to 29 percent in astronomy, and to a low of 12 percent
in chemistry. If the foreign and industrial innovation locales are
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Table II.2--Sources of Support for Innovations Mentioned by Two or More Panelists

Astronomy (21)*

Chemistry (17)

Performing Other Founda- Institu- Indus- Other Founda- Institu- Indus-
Institutions  NSF Gov't tion tional try NA TOTAL NSF Gov't tion tional try NA TOTAL
University 3 6 1 10 2 7 3 1 | 13

Government & |

FFRDC 3 5 8 1 1

Industry 1 2 3 5 5
Fofeign 2 2 3 3
TOTAL 6 12 1 2 21 23 2 8 3 6 3 22
Earth Sciences (29) Mathematics (18)
University 9 10 2 2 1 11 25 9 4 7 2 2 24
Government &

FFRDC 1 2 3
Industry 3 3
Foreign 5| 5 3 3

2 2
TOTAL 10 12 2 2 4 8 | 38 9 4 7 2 5 27

*Figures in parentheses indicate number of innovations mentioned by two or more panelists.



isolated and only NSF's traditional clients, i.e., universities, FFRDC's,
and Government laboratories, are considered, NSF's contribution to the
major advances in each field becomes slightly larger. In summary, NSF's
direct support of projects that resulted in major innovations varied con-
siderably by field.

NSF's Share of Federal Support for the Fields

The above figures, of course, are in part a function of the degree to
which the innovative investigators actually applied to NSF for support for
their work. From the telephone survey of principal investigators, it was
determined that in only one case of innovation not supported by NSF the
investigator had attempted unsuccessfully to obtain NSF support. Those
investigators not supported by NSF said they had not applied to NSF because
they had adequate sources of funds.

NSF's increasing share of the total Federal support for academic R&D
in the four fields is described by the data in Tables II.3 and II.4. Table
II.3 shows the relative involvement of NSF in Federal support of basic
research in the four fields. In all four fields, NSF's share of the total
virtually doubled between 1963 and 1976. While NSF provided nearly half of
all Federal funds for support of basic research in mathematics in 1976, the
Foundation provided between one-fifth and one-quarter of Federal support
for basic research work:in chemistry, astronomy, and earth sciences.

Given the increasing proportion of NSF's share of total Federal
support, it would seem logical to suppose that NSF's share of support of
major innovations also should rise. Table II.4 shows that this is indeed
the case in three of the four disciplines. In mathematics, however, NSF's
rate of direct support of innovations dropped from nearly 60 percent in
the period 1950-1968 to 35 percent in the period 1968-1976.

When all four fields are considered together, NSF supported 20 percent
of the pre-1968 innovations and 67 percent of the innovations from 1968-
1976. Both of these figures exceed the NSF share of Federal funding for
basic research in these areas during these time periods.

Relationship of Innovation to Project Funding Rationale

The data and discussion above emphasize the correlation between NSF
support and projects that resulted in major advances. Although this could
be attributed to the ability of agency program managers to select proposals
likely to result in innovation, this is not the case. Table II.5 shows the
results of telephone interviews with the principal investigators of inno-
vative projects. These interviews were conducted to determine, among other
things, whether the project funds were solicited with an explicit
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Table II.3--NSF Percentage of Federal 0b11gat1ons for Basic Research,
Selected Fields -and Years

‘ Total All
Earth Mathe- Four
Astronomy Chemistry Sciences matics Fields
1963 12 12 10 27 14 !
1967 14 19 20 29 - 19
1969 13 18 13 30 17
1971 19 17 11 33 18
1973 23 20 20 39 23
1975 18 26 ' 28 47 26
1976 20 23 25 47 26

Table II.4--NSF Share of Innovations: 1950-67, 1968-76

Earth Mathe- .
~ Astronomy Chemistry Sciences matics -  All Fields
Total NSF  Total NSF  Total NSF Total NSF Total NSF (NSF%)
1950 . '
to 16 4 15 - 21 2 12 7 64 13 (20)
1967

1968.

to 5 2 2 2 8 8 6 2 21 14 (67)
1976

Source: NSF, Science Resources Studies, Special Tabulation
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expectation of the Subsequent major advance. Of the 65 projects for which
these facts could be determined (out of a total of 85), only 28 (43 percent)
contained in the proposal for funding an explicit and direct reference to the
expected advance. Support for another 26 of the innovations (40 percent)

was derived from programs for broadly defined research in the general area of
the innovation. Finally, 11 innovations (17 percent) occurred that were
related neither directly nor generally to the justification for the funds
used to support the project.

Table II.5--Relationship of Project Funding to Innovation

Type of Relationship

Total No. of Not
Innovations Direct General Indirect Determined

Astronomy 21 8 7 5 1
Chemistry 17 5 7 2 3
Earth Sciences 29 10 7 3 9
Mathematics ‘ 18 - 5 5 1 7

TOTAL ) 85 28 26 11 20

Note: Several innovations could not be reviewed due to the unavail-
ability of investigators, particularly where the innovations
were based abroad or where the investigator was deceased.

One implication of this finding, of course, is that some significant
portion (in this case, 17 percent) of advances in scientific knowledge
cannot be foreseen at all, while another, larger portion only can be
discerned in terms of the potential in a general area of inquiry. Only
4 out of 10 innovations were funded with the funding agency having explicit
knowledge about the expected innovation. .

Patterns of Support for Innovative Investigators

Focus on- support of investigators rather than on innovations yields
a. samewhat different picture. Table II.6 shows, by field, the number of
investigators affiliated with innovations supported by NSF and by other
sources. In addition, the table shows the number of investigators
involved in non-NSF supported innovations who had received some NSF
support prior to their innovation. These data can be interpreted as a
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Table I1.6--Number of Investigators Affiliated with Innovations
Supported by NSF and by Other Sources

Numbers of Investigators

NSF SUPPORTED INNOVATIONS  NON-NSF SUPPORTED INNOVATIONS

Investigators Investigators

Affiliated Affiliated w/Prior ~ w/current or

ASTRONOMY Total Investigators Investigators Support Prior NSF Support
University 33 ‘ 7 26 8

Gov't., Labs ‘ :

& FFRDC's 13 6 7 0

Industry

Foreign .

TOTAL 57 13 44 9 39 (22/57)
CHEMISTRY

University 12 2 . 10 3

Gov't. Labs

& FFRDC's

Industry

Foreign

TOTAL 25 2 ' 23 3 20 (5/25)
EARTH SCIENCES ’ -

University 35 21 14 2

Gov't. Labs

& FFRDC's 4 3 1

Industry 3 3

Foreign 7 1 6

Non-Profit 3 3

TOTAL 52 25 27 2 52 (217/52)
MATHEMATICS

University 18 10 8 4

Gov't. Labs

& FFRDC's

Industry

Foreign 4 1 . 3

TOTAL 22 11 11 4 68 (15/22)
ALL FIELDS .

TOTAL 156 51 105 18 44 (69/156)
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measure of NSF recognition of scientists who have the potential to achieve
major advances in science prior to their performance of these specific
advances. Defined in this way, NSF's rate of support becomes 44 percent

for all investigators. This relationship is to be expected because NSF
provides a broad range of support in most fields, including not only specific
project support, but also fellowships, travel grants, and provisions for
facilities and instrumentation.

Characteristics of Innovations

The section on research methodology referred to a number of problems
in the identification of major innovations in science, and warned that a
definitive listing was not possible. Table II.7 illustrates one of those
problems, namely, the time-boundedness of judgments about major advances.
While part of the frequency distribution of innovations by 5-year periods
may be due to differential rates of advance in the various fields, it is
unlikely that this would account for the low frequencies in the 1971-76
period. More likely, this distribution is a function of the perceptions
of the judges, who may be unwilling to make judgments on the more recent
events.

Table II.7--Number of Innovations
Earth
Astronomy Chemistry Sciences Mathematics A1l Fields

Year

1950-55 1 3 g 1 9
1956-60 6 g 5 6 21
1961-65 6 5 10 5 26
1966-70 . 6 4 9 - 19

1971-76 2 1 1 6 , 10

Many scientific innovations may have appeared to be the key to
future advance in an area, only to encounter unforeseen difficulties
or to be superseded by another advance. This would appear to be the
case in the advance in chemistry on the Lanthanides Shift. In any
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event, the problem of the time-boundedness of perceptions of major advances
can be solved only by providing sufficient temporal perspectives.

It shou]d be noted that, when requested to write background papers on
major developments over the past 25 years, no person primarily qualified as
an historian of science would accept the task. None would deal with subject
matter more recent than the beginning of the 20th century. Scientists with
interests and achievements in the history of science were eventually

recruited but all expressed strong reservations about definitive identifica-
tion of recent advances in science.

Characteristics of Innovative Investigators

It is commonly held in the world of science that the young see through
established convention to the truth. One might dub this, "the Emperor's
Clothes" principle. Table I1.8 reveals that 61 percent of the investigators
associated with the major innovations were less than 35 years old at the
time of their discovery. Nearly three-quarters (73 percent) were less
than 41 years old. This did not vary much by field in mathematics, astron-
omy, and chemistry; all had approximately the same proportion of innovative
investigators under 35--from 52 to 55 percent. Innovators in earth
‘sciences, however, tended to be older. ‘

Table II.8--Age of Innovators (percentages)

Earth -
Astronomy Chemistry Sciences Mathematics Total

Age at Time of

Innovation
23 - 28 11 10 22 15 14
29 - 34 M 43 15 40 31
35 - 40 20 29 28 20 22
41 - 46 12 14 17 15 14
47 - 52 9 | & 6 5 7
over>52 7 | - 11 ' 5 7
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These data can be compared with similar data for all investigators
in the under-35 age group in the four fields. In 1973, , the percentage
of all doctoral scientists and engineers under 35 in the four fields
who were employed in 4-year colleges and universities was: physics/ »
astronomy (32); chemistry (33); earth sciences (24); and mathematics (39).

These data lend moderate support to the "Emperor's Clothes" hypathesis.
Further investigation, however, is necessary to determine the extent to
which these young scientists were acting autonomously or in close interaction
with older colleagues in pursuit of their research objectives.

The question of patterns of collaboration addresses both the
structure of scientific careers as well as the.organization of scientific
work. Table II.9 depicts the distribution of the number of investigators
per innovation. Thus, 45 out of 85 innovations (53 percent) were created
by individual scientists. Pairs of investigators produced 25 innovations
(29 percent). Teams of three or more accounted for 17 percent but only in
astronomy and earth sciences and produced nearly half of the innovations
in those fields. Pairs of investigators were most important in chemistry
(8 out of 17 innovations). Mathematics remained the bastion of the
individual innovator, with only 4 out of 18 innovations stemming from
collaborative efforts.

A closer look at the age make-up of 21 of the 25 pairs of investi-
gators revealed that 13 (60 percent) were roughly age peers (w1th1n 9
years of each other's age) and 8 (40 percent) were junior-senior partner-
ships (more than a 9-year difference).

In democratic societies, science is often accused of being elitist.
The accusation generally relates not to the social origins of scientists,
but to the character of the institutions in which top scientists are
trained and do their work. Tables II.10 and II.11 address this issue.

2. NSF 75-312A, Characteristics of Doctoral Scientists and Engineers in
the United States, 1973, Table B-5. The choice of 1973 was somewhat
arbitrary as the age distributions have undergone some changes during
the period under study (1950-1975). It is unlikely, however, that

-the shifts would be Targe enough to affect these findings. The
comparative percentages for innovative investigators and all doctoral
scientists and engineers under 40 years of age are, respectively:
physics/astronomy, 72/53; chem1stry, 82/53 earth sciences, 65/45;
mathematics, 75/59.
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Table II.9-~Innovations by Field, and Number of Investigators per innovation

" Number of Innovations -

Astronomy Chemistry SE?ZEZes Mathematics Total/Percent
No. of Investi-'.
gators per
Innovation |
1 6 9 16 14 45/53
2 6 8 7 4 25/29
3 2 5 7/8
4 4 4/5
5 2 2/2
6
7 1 1 2/2
Total 21 17 29 18 85/99
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Table I1.10--Institutions From Which the Innovative Investigators
Received Their Highest Degree

Astron. Chem. Earth Sci. Hath. TOTAL

Institution from which
Highest Degree was obtained*
1) Harvard , 4 5 1 3 13
2) Calif, Inst. of Tech. 7 1 4 - 12
3) U. Calif., Berkeley 2 2 6 1 n
4) U. Chicago 3 - 4 4 i
5) Columbia 2 ) 6 1 10
6) Princeton 5 1 3 1 10
7) MIT 2 1 4 - 7
8; UCLA 2 1 1 - 4
g) Stanford - 2 )} ] 4
10) U. Hichigan - - - 3 3
11) U. Texas - 1 1 - 2
12) Yale U. 1 - 1 - 2
13) Rice 1 - i - 2
14) H.Y.U. 1 - 1 - 2
15) U. Iowa 1 - - - ]
16) Ohio St. ] - - - 1
17) Cornell’ 1 - - - 1
13) Duke 1 - - - 1
13) U. Tenn. - 1 - - ]
20) U. Wisconsin - - 1 - 1
21) U. 1Minois. - - 1 - 1
22) . Miami - - 1 - 1
23) Michigan State U. 1 - - - !
24) George Washington - - 1 - 1
25) Central Union College - - ] - ]
26) San Diego State - - 1 - 1
27) Polytech. Inst. Brooklyn 1 - - - !
23) Johns Hopkins 1 - - - 1

TOTAL (U.S.) _ 107

Foreign Institutions 17 4 5 [} 32
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I1.11--Affiliation of Investigators at Time of Innovation

Astron. Chem. Earth Sci. Math. . TOTAL

ACADEAIC
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R X L - T

‘1) calif. Inst. of Tech.
2) Princeton

3) Columbia V.

4) U. Calif., Berkeley

5) U. Chicago

6) HIT

7) Cornel}

8) Scripps Inst. of Ocean.
9) Harvard U.

10) U. I1linois

11) u. Calif., Santa Cruz
12) U. Calif., San Diego
13) Woods Hole Ocean. Inst.
14) Southern I1Y. U.

15) Stanford

16) U. Hawaii

17) U. Wisconsin

18) U. Washington, Seattle
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2) Brookhaven

3) U.5.G.S. Menlo Park

4) Livermore Radiation Lab.
5) Lincoln Lab.

6) Oak Ridge Lab.

7) Naval Research Lab.

8) ‘aval Electronics Lab.
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Bell Tele. Labs.
2) Amer. Sci. & Engineer. Inc.
3) Varian Asso.
4) Texas Instru. Inc.
5) Hughes Res. Lab.
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7) Geophysical Service Inc.
8) Petty Geophysical Inc.
9) Shell Development Co. -
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1) Geophysical Lab., Carnegie - - 3 - 3
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Table II.10 shows that most U,S. inyestigators (79 percent) received
their highest degree from ong of 10 U.S. universities. Table II.11
shows that most U, S, investigators (64 percent) were employed by one
of 10 academic institutions at the time of their innovation (7 by the
former and 3 others). ‘ '

Table II.11 also depicts the shares of innovative investigators
among the institutional performing sectors. Nearly three-quarters
(72 percent) were employed in 18 academic institutions; one-seventh
(14 percent) worked in Government laboratories or FFRDC's; one-tenth
(11 percent) worked in industry; and three were affiliated with a
nonprofit laboratory. '

PROBLEMS AND-ISSUES IN STUDYING INNOVATIONS IN SCIENCE

Unexpected Advances

A substantial number of the 85 innovations considered here re-
presents situations in which funding was obtained for purposes other
than the research explicitly targeted or the subsequent innovation.

In some instances the breakthrough occurred unexpectedly in the course
of other research; in other instances the breakthrough was made possible
by funding for general purposes or to sustain investigations in a broad
area. Despite the limitations of the investigation, the significance
of the frequency of unplanned advances emerges clearly. As summarized
in Table II.5, above, nearly 60 percent of the innovations were not
specifically identified in advance to funding agencies.

Good Research

At the same time the subcommittee requested that.study and thought
be given to Foundation participation in innovative science, it also
inquired concerning what can be termed "good" research. In order to
learn as much as possible within existing time and resource constraints,
a limited study was conducted concerning good research through examination
of Science_Citation Index materials on publications in the field of
chemistry.~ Citations in the research literature, when properly qualified,
provide a reasonable measure of research quality.

3. Source of Support for Highly Utilized Chemistry Research, study
conducted by Computer Horizons, Inc., based on NSF Contract PRM
7682 712, August 1977. A summary of this study and references
to the literature on science citation studiesjs shown on pp. 11:21-26.
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NSF_Funding of Investigators Subsequent to Their Innovation

Major research innaovations set off a wave of additional research
within.a field. There is an almost immediate effort to extend and
define the findings, to use the breakthrough to modify other understandings,
and to seek to apply the results in other areas. It is the investigators
themselves, of course, who are the prime sources of such work, and these
continued efforts require additional funding. A search for Foundation
grant awards to investigators after major research innovations showed a
high incidence of support. On the basis of two or more awards made
subsequent to publication of significant innovation, the percentage of
Foundation funding of these investigators was: astronomy (41); chemistry (46);
earth sciences (45); and mathematics (60). '

Peer Review of Innovative,Research

A central question regarding NSF's support of innovative research
is the ability of the peer review process to accept and foster new ideas.
The Foundation's record.of identifying and supporting research subsequently
judged to be a significant achievement must be measured by considering
both earlier support to the investigator and any funding to the actual
discovery. A study conducted in this manner found that a large percentage
of identified innovations were unplanned and over half of the discoveries
never existed in the form of an "innovative" proposal. None of the
innovations identified derived from outside the mainstream of scientific
thought, including the revolutionary advances identified in earth sciences
and astronomy. :

Conclusion

Two important characteristics of major innovations in research stand
out: (1) their very small number in relation to the total volume of
activity within the discipline; and (2) the fact that approximately half
of them turn out not to be directly related to specific requests for funds.
These characteristics suggest that, although efforts should continue to
promote innovations, it is not clear how the design of Foundation decision-
making systems should effect this. :

4. This study identified only one instance of a Foundation declination
of a proposal for research that subsequently produced a significant
advance. This case concerned the so-called "four-color problem" in
mathematics. This problem is a famous one and had remained unsettled
for nearly 100 years. The Foundation declined a proposal to try to
solve it with extensive use of computers. The proposal was declined
in part because the approach was not thought to be of great mathematical
interest, and in part because it was thought that a solution would have
1ittle influence or effect on further mathematical developments. The
proposers nevertheless continued with computer support from their
institution and did achieve a solution by computer applications of
long-established methods. :
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The Board takes the position that the support of good research is
most important. The selection of good research across many fields of
science is the major means through which the Foundation fosters scientific
1nnovat1on

Foundation decisionmaking procedures must continue to operate effectively
to support good research and must not overlook quality proposals and investi-
gators. The peer review system is an important determinant of research

progress and quality but the allocation of funds to fields of science

is an equally important determinant. - The .Foundation's task is to monitor
the state of the various sciences and the condition and yiability of their
various enabling institutions, and to make the case for adequate funding.
Wise allocation of funds helps minimize the need to reject good proposals.
The rejection of good research may well affect future rates of innovation
in science. :

DETAIL ON STUDIES IN INNOVATION

Study of Single-Mention Innovations in Chemistry

The decision to 1imit detailed examination of innovations to only
those mentioned by two or more expert panelists raised questions about
the validity of a samp]e of only about 20 percent of all the items
mentioned.

The distributions by field of the choices of the expert panelists
are shown in Table II.12. The 20-percent figure for all items chosen
by two or more panelists is consistent across all four fields--frcm a
low of 15 percent in mathematics to 23 percent in chemistry. It is
also interesting to note that an average of only 6 percent of all items
mentioned across all fields received 4 or more mentions. Finally, no
single item in any field received the maximum possib]e number of choices
(i.e., a mention by all of the respond1ng panelists in that field). This
would suggest not so much that there is little consensus in given fields
of science (for few scientists would deny that the items chosen are not
highly innovative), but rather, that, 1imited to relatively few choices,
the number of legitimate possible candidate items is rather large, and
thus, that the chances of two judges in a given field mentioning the
same item are considerably reduced.

~In any case, it was decided to compare the characteristics of the
once-mentioned and twice-or-more-mentioned items in one field to see
whether any significant differences would emerge. The field of chemistry
was chosen because of the smaller number of items (and the lower cost of
contacting the principal investigators).
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Table II.1 2--D1str1but1on of Choices by Expert Panelists for Maaor
Innovations, A11 Fields

Nuhber of Innovations

Frequency of A1l Fields Astron. Chem. Earth Sci. Math.
Mentions (16)* - (13) (21) (17)
12 2 2
1 2 1 1
10
9 1 1
8 3 3
7 1
6 6 1 3 2
5 3 2 1
4 9 3 3 3
3 13 4 4 2 3
2 45 8 8 20 9
1 340 73 57 m 99
TOTAL 425 94 74 140 117

*Figures in parentheses indicate the number of panelists, thus representing the
highest possible fréquency of choices in a given discipline.
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A11 of the 57 single-mention items in chemistry were examined by 9
program officers in the NSF Chemistry Division. They were asked to select
thosg items which they believed to have most significantly advanced the
discipline of chemistry. The program officers chose 47 of the 57 items
as meeting this criterion. The same analyses were then performed on these
47 innovations as for the twice-mentioned items treated above in
the text. The results are reported in the following tables, which are
numbered so that they can be compared readily with their corresponding
tables in the section Research Design and Methodology.

While there are slight shifts in the percentages of innovations
mentioned that occurred before 1960 (see table II.7 above and II.7A below)
and of chemical investigators who made their major discoveries after age 4Q
(tables II.8 and II.8A), there are no discernible differences in the
characteristics of the innovations or the investigators. While by no
means conclusive, the similarity of these results increases confidence in
the validity of the analyses of the twice-mentioned items.

Innovation and Citation Utilization in Science

Innovative research consists of contributions to knowledge in science;
such contributions provide improved understanding of the extent, content,
and workings of nature. Contributions can consist of,discoveries of new
things in nature or properties of things, new instruments to observe
nature, new techniques to observe or analyze nature, or new theories and
languages in which to study and express nature. Thus, innovation in
science, in the broadest sense, includes any contribution to the under-
standing of the nature of the world.

As innovations are introduced, other scientists use these innovations
as data bases or guvides for research direction, theories, techniques, or
instruments for their further studies. A customary indication‘of such use
of prior research innovations by a scientist is citations or references
in the published work reporting the results of these further studies.
Thus, a citation to a prior publication is one direct indicator of the use
of prior work in later work. However, the citation itself does not tell
what use was made, perfunctory or ceremonial, or the extent or significance
of the use. Each citation must be examined in the context of the citing
articte to determine the exact kind of use the citation.indicates. For
this reason, there has been much discussion and disagreement as to the
interpretation of citation studies.5 However, studies have <hown two
general features of citation patterns: '

5. Moravcsik, M. J. and Murugesan, P., "Some Results on-the Function
and Quality of Citations,"'Social Studies of Science 5, 1975, pp. 86-92.
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Table I1.2A--Performers of Major Innovations in Chemistry (Once-Mentioned)
and Their Sources of Support

Performing Other Founda- Institu-  Indus- Not

Institutions .~ ., NSF  Gov't. tion tional try Applicable  TOTAL
University . 9 16 2 2 | 5 34
Govt. & FFRDC © = 4 | 4
Industry . - 4 ' 8 8
Foreign g : N 11

TOTAL 9 20 2 2 8 16 57

Table II.4A—-NSF SHAREAOF SUPPORT FOR CHEMISTRY INNOVATIONS: -1950-67, 1968-76

Total NSF
1950
to 39 6
e 1967
1968 .-
to . 8 3

1976 -

Table II.5A--RELATIONSHIP OF CHEMISTRY PROJECT FUNDING TO INNOVATION

Total: Number
of Innovations o Direct General Indirect Not Determined

‘47 8 17 3 19*

*the:A'Eleveﬁ'out of 19 innovations were foreign and investigators affiliated
- with them were not available for interview.
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Table II.6A--Number of Chemistry Investigators Affiliated with Innovations by

NSF and by Other Sources*

NSF SUPPORTED INNOVATIONS
Total Number of # Affiliated

NON-NSF SUPPORTED INNOV.
# Affiliated

Investigators Investigators Investigators
University 37 14 23
Govt. Lab. &

FFRDC's 6 - 6
Industry 8 - 8
Foreign 18 - 18

TOTAL | 69 14 55
*No data on prior support.
Table II.7A--Number of Innovations
Year Number of innovations
1950-55 1 |
1956-60 1
1961-65 13
1966-70 5
1971-76 7
Table II.8A--Age At Time Of Innovation
Age of Innovator ' Percentége
23 - 28 15
29 - 34 3
35 - 40 25
41 - 46 17
47 - 52 6
Over 52 6
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Table II.]O.A--institution From Which Highest Degree Was Obtained

1) calif. Inst. of Tech:.
2) Harvard

3) UCLA

4) MIT

5) U. I11.

6) Stanford

7) U. Calif., Berkeley
8) U. Michigan

9) U. Maryland

0) Columbia U.

1) U. Chicago

2) U. North Carolina
3) U. Pittsburgh

4) U. Wisconsin

5) U. Towa

6) Johns Hopkins

7) U. Oklahoma

3) Northwestern

9) McGill U.

0) U. Chicago

—d o d ed oed ot ) el o ek e o =B PN N LD DD O

-t
(%)

 Foreign Institutions

.o
o
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0 Most citations are positive as opposed to negative (refuting)
or perfunctory uses.(e,g., 1nd1cat1ng use. of some prior data
or some technique, etc,);

o As the number of citations to a cited article increases over
time the article is most 1ikely being cited for positive
reasons (highly cited articles).

Highly cited articles thus are usually reports of innovative research;
just exactly how innovative, however, cannot be determined without
examination of each article. But statistically, the 1ikelihood is very
great that a highly cited article will denote a significant innovation.

One can conclude that articles that have received large numbers
of citations have been useful to scientific communities. Accordingly,
the following generalizations can be made: v

o A1l innovative research is highly utilized by fhe
scientific community and usua]]y highly c1ted for
a time;

o Highly cited papers are innovative to some degree, but
the exact degree cannot be determined without examination
of the individual paper and the patterns of its citations.

Procedure. The field of chemistry was chosen to examine patterns
of NSF support of highly utilized research by the citation anabysis
technique. Chemistry publications appearing in 1972 were identified
and citations to these publications were then ordered according to the
total number of citations each article received in the subsequent 4 years
(1973-76). This order set of 1972 chemistry publications was then
further partitioned into four groups, called successively the highly
cited group, moderately highly cited group, moderately c1ted group,
and low-cited group.

The highly cited group consisted of the 1972 papers with the
highest total number of citations (starting from the highest and
descending) until one-fourth of the total number of citations in the
whole set was accumulated. The moderately highly cited group consisted
of the next descending set of ordered 1972 papers until the next
quarter of total citations was accumulated. The same procedure was
applied to arrive at the moderately cited group and the low-cited group.

In this way, the 1972 papers were partitioned into four sets of

ranked papers, each set accounting for roughly one-fourth of the total
citations that the 1972 papers had accumulated by 1976. Next, these
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four sets were sampled on an equal and random basis by selecting a
citation in one of the.sets, looking up the 1972 paper cited, and identi-
fying the funding.sponsor’where. identified in the paper.. It thus became.
possible to estimate.the proportions of citation utilization of the 1972
chemistry Jiterature that was sponsored by different funding sources,
and, in addition, to estimate the proportions of the highly, moderately
highly, moderately, and low~cited papers sponsored by the different
fund1ng sources.

- Results. Figure II.1 shows the percentage-support by various
sponsors. of citations in chemistry articles (1973-76) to chemistry
articles published in 1972. Figure II.2 shows the percentage-support
of citations in all fields of science (1973-76) to the chemistry
articles published in 1972. For chemistry-citing-chemistry, NSF
sponsored about 27 percent of the h1gh1y cited articles. For all-science~
citing-chemistry, NSF sponsorsh1p is about 15 percent. The two figures

also illustrate the difference in agency mission between the NSF and
- NIH biochemistry and biological sciences that use chemistry information.
The NSF mission is to support science broadly and while an important
sponsor of chemistry and biology, the NSF is not the only sponsor. In
biological sciences and biochemistry, NIH is the dominant Federal sponsor.

Measurement of sponsoreh1p of utilization of science by science
(in the. case of chemistry for the published results of 1972) has provided
one indicator of performance by both NSF and NIH relative to their
different missions vis-a-vis chemistry. In using such measures it is
important to delineate the c1t1ng domain in close correspondence with
the.missions of the sponsoring agency. For example, our study concen- ,
trated. on basic research and private profit sponsors of Chemistry {industrial
chem1ca1 research) consequently ranked low in proportion partly because
industrial research is dominantly applied and the journals of chemical
engineering and applied chemistry were not included in our citing set.

Histories of Major Innovations

The tables that follow depict the major innovations from 1950 to 1976
in astronomy, chemistry, earth sciences, and mathematics. These innovations
received two or more citations: by the experts. Figure II.3 is a key to
the abbreviations used in the tables.

Fa)
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Figure II.1.--Fraction of Utilization Versus Quartile for selectea
Support Sources -- Citing Set Chemistry
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Figure II.2.—FFraction of Utilization Versus Quartile for Selected Suppdrt
Sources -- Citing Set A11 of Sciehce
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Key to Abbreviations Tables II1.13-16

Institutional Type:

A = academic institutions

G = government labs, FFRDC's
I = industry |

F = foreign institutions
NP = nonprofit institutions

NSF Other Prior Funding:

GF

graduate fellowship
G

grant

Relationship of Funding to Innovation:

D = direct; an explicit and direct reference to the expected
advance in the proposal for funds

G = general; broadly defined programs of research in the general
area of the innovation

I = indirect; related neither directly nor generally to the
Justification for the funds that were used to support the
project

NA

not avai]ab]e‘
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Table II.13.--Histories of Major Innovations in Astronomy, 1950-1976

Institutional 1Sl Other

Relationship of

Telescope: HgGe
Bolometer

Low, Frank J.

Texas Instrum. - .

Institutional Type Prior lfundin fundi
Affiliation of Sources of Support I unding to lnnov
Title of Innovation Investigator{s) = Date Investigator A G I F N for lnnovatior. GF 6 0 G 1 HA
1. Theory of Stellar Hoyle, F. 1955 Princeton x ' ONR . . x
Evolution Schwarzschild, M. ; x X
2. . Sandage, A. 1957 Caltech x Hale Obs. x
‘3. Stellar Kucleosynthesis Burbidge, E.M. 1957 Caltech x OHR 8 AEC x
Burbidge, G. x
Fowler, HW.A. x
Hoyle, Fred X
4. Existence of Solar Wind Parker, E. 1957 U. Chicago, x OSR; Geophysical x
: E. Fermi Inst. Res. Directorate,
Air Force
5. Spiral Rature of Our Kerr, F.J. 1958  C(SIRO, Austral. R Outch Found. for x
Galaxy Oort, J.H. : State U. Leiden b 4 Radio Astronomy
Mesterhout, G. 3 :
6. Henyey Method Bohm, K.A. 1959 . U. Ca., Berkeley x AEC; OSR, Air x
Henyey, t.G. , . x Force
Lelevier, R.E. Livermore Lab. X
Levee, R.D. x
Milets, L. U. Washington X
7. Discovery of Quasars Greenstein, J. 1960- Caltech x OlR ¢ X
& Large Redshifts Matthews, T.A. 63 X
Sandage, A.R. X
Schmidt, M. . ‘ x
8. Infrared Detector & 1961 x Texas Instrum. x
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Table II.13--cont'd

) Institutional sk Other Pelationship of
tnstitutional Type Prior Funding Funding to lanov
Affiliation of Sources of Lupport
Title of lnnovation lavestigator{s) Date Investigator AG I ¥F for jumovation GF. G 0 G 1 HA
9. X-Ray Svurces: Extra- Kossi, B.R. 1962 HIT Air Force Cambridge a
solar, Galactic, Extra- Giacconi, R. Aser. Sci. & x Research Lab.
galactic Gursky, H. Eng. Inc. x
Paolini, F.R. x
10. ° Friedman, H. 1964  U.S. Mava) Res. x MRL (ONR § NSF) x 3
Lab.
11, Detection of Interstellar Barrett, A.H. 1963 niv U.S. Army; WASA; z
OH Molecute . Meeks, M.L. Lincoln Lab. X OiR § OSR, Air
Weinreb, S. x force x x
12. Density Mave Yheory tia, C.C. 1964 niy x NSF i
Shu, F. ]
13, Wicrowave Background Penzias, A. 1965 Bell Labs. ] Sell Labs. )
Radiation (3&? Wilsom, R.N. z %
14. Yery Long Baseline Sare, €. 1967 WRAD x NRAD (W;. a2
interferamatry Clark, 0.6, X ARPA (DOD a
Kellerman, K. x
Cohea, M.H. Cornell x
Jauncey, O.1. x
15. Discovery of Pulsars - Pactni, F. 1967 Cornell x NSF 5
Rotating Neutrom Stars
16. . colg, T. 1967 Cornell x ouR : x s
7. - Bell, J: 1968 Mullard OGbs., x Science Research x
llewish, A. togland x Council, England
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Table II.13--cont'd (3)

: Institutional 4SF Otner Relationship of
lnstitutional - Type Prior Funding Funding to lamo.
Affiliation of Sources of Support
Title of lnnovetion . Investiyator(s) Date Investigator A G 1 F w ‘for Inmovatioa GF. 6 D61 A
8. Solar Reutrinos Bahcall, J.N. 1968 Caltech x OnR ] x
IQrmer, D.S. Brookhaven 13 Brockhaven;
Davis, R. Jr. x Homes tead Rining Co.
Hoffman, K. C. x
19. Discovery of Inter- Buhl, D. 1969  NRAD x WRAD (NSF)™ = o=
stellar Organic Mole- Sayder, L.E. x 3
cules :
2. Ultraviolet Spectro- Drake, J.F. 1972 Princeton x RASA a
metry from Copernicus Dressler, K.
Satellite i Jeonkins, E.8. x x
Morton, D.C. x x
Rogerson, J.8. x
Spitzer, L. Jdr. x =
York, D.G. =
2%, Lick Observatory Image Robinson, L.B. 1972 - U. Ca. Santa NSF x &
Oissector Scammer Mampler, £.4. Cruz. 3 =
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Table I1.14.--Histories of Major Innovations in Chemistry, 1950-1976

- Institutional v 15F Other Relationship of
Institutional - Type Prior Funding Tundies 1o Innoe:
Alfilistion of Sources of Support
Title of Innovation Investigator(s) Date lavestigator A G 1 F w for Inasvation [ 2 D €61
1. Muclear Magretic Gutowsky. H.S. 1951 u. Hlinols x OHR; Res. Corp. x
Resonance
2. Stereoregularity Natta, G. 1955 ltaly x NA .
in Polywers 2iegler, K. Germaay - x
J. Crossed Molecular Datz, S. 1955 Ouk Ridge Hat'l. x AEC z
Beam Chemistry Taylor, E. Lab. x
q. b Herschbach, D.R. 1362 U. Ca., Berkeley x AEC 2 2
5. . Bernstein, R.3. 1964  y. Wisconsin x AEC; Sloas Found. : x
6. Katrix lIsolation Mitligan, D. 1958 . U. Ca., Berkeley =x fwer. Petrol. Imst.; 1
Spectroscopy Pimentel, 6. x OSR, Alr Force
1. infrired Chomilunine- Cashion, J.K. 1958 U. Toroato x U. Toroato
scence Palanyi, J.C. x
8. Lasers Schawlow, A.L. 1953 Bell Labs. & Bel) Lads. 2
Townes, C. Columbia U. x
9. ° Raiman, T. 1960 Hughes Res. Lab. x Hughes Res. Lab. x
10. Reactivity of Inert Gases Sartiett, N, 1963 U. Brit. Columbia X 17 &
1. Chexicsl Lasers Kasper, J.V.¥. 1965 U. Ca., Berkeley «x OSR, Alr Force; : X E]
Pimeatel, &. x fastman Kodak
. Fellouship to
Kasper
12. Noodward-Hoffmana Rulas Hoffmann, R. 1865 Harvard U. x [ $1.] 2
: Woodward, R.8. x 3 e
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Table II.14 -- cont'd (2)

-~ -

Institutional iSF Other Relaticasnip of
Iustitutional - Type - : Prior Funding " Funding 10 Jang.
] : Affiliation of Sources of Support .
Title of Innovation Investigator(s}) Date Investigator A G 1 F for innovatios 6 6 D 61 uA
13. Tunable Dye Lisers Sorokin, P. 1966 16M x 1M - [
14. Fourier Transform MMR Anderson, W.A. 1966 Vartan Asso. 2 . Yarian Asso. s
Spectroscopy Erast, R.R. x
15. Picosecond Spectroscopy Rentzepis, P.P. 1966 Bell Tele. Labs. x - Beld Tele. Labs. [ 3
16. Lanthanide Shift Reagent Hinckley,.C.C. 1969 Southern I11. U. x NSF Instrumentatiok x
K Grant to S.1.0.
17. Laser Induced Fluore- lare, R.N. " 1972  Columbia U. - x ARPA; OSR, Atr Force; x x »
scence Internal State NSF :

Distribution
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Table 11.15.--Histories of Major Innovations in Earth Sciences, 1950-1976

institutional HSF Other Relationship. of
Institutiona) Type . ‘ Pricr Funding funding 10 Inmos.
Afliliation of Sources of Support
Title of lnwovation Investigator(s) Date luvestigator AG I F w for lunovatios . & D 63 uA
1. Electron Microprobe Castaing, R. 1951 V. Paris x [7) : ) : =
Analyzer o e - .
., Smith, J.V. 1965 U. Chicago x NSF; Calif. Res. . - s x
Corp.; ARPA
3. Tapagraphy § Layering Ewing, M. 1952 Columbia, x Lamont Geol. Qbs. . ' s
of Ocean Floors Heezen, B. © Lamont Geol. Obs. = .
8. Carbon 14'Diting Method Libby, ¥.F. 1952 U. Chicago x . Chicago ' s
S. Mathematical Signal Robinson, E.A. 1955  WIT . x Petroleun Co.(s); x
Treitel, S. x Res. Asst.(s)
6. * Backus, M. 1959 ?eophy. Service, x v Geophys. Serv. B
ac,
7. Development of Solid Eugster, H.P, 1957 Geophys. Lab., X Geophys. Lab.
Buffers Carncgie lnst.
8. 'Pte Anomaly of Reynolds, J.0I. 1960 U. Ca.. Berkeley x ALC : M -
Chrondrite Meteorites ’
9. Dewonstration of Exis- Heezen, 8. 1960 Columbia, z OMR; Buresu of Ships s
tence of Morldwide Ridge Lamoat Geol. Obs. :
System
10. Development of Mew High Boyd, f. ‘1960  Geophys. Lab., x Geophys. Lad. - a
Pressure Equipment England, J.1. Carnegle Inst. x
H. Statewcnt of Theory of Dietz, R.S. 196} Maval Clect. Lab. x - Haval Elect. Labd. . B-
Sea-Floor Spreading .
2. . iiess, L0 1962 Princeton U. x NA [ ] : a
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Table II.15--cont'd (2)

: fnstitutional <k Other Relationsaip of
nstitutiona) - Type Prior.funding Funding 10 lamos
: Aftilfation of Sources of Support
Fitle of lunovation Investigataor(s) Dute Hvestigator AG )} F up for lanovetion o ¢ D G 1 uA
13. Statoacnt of Tkeory pf Wilson, J.1. 1965  U. Toroato . nA M
Sea-Floor Spreading
14. Linear Nagnetic Anomalies Mason. R.G 1961 Scripps Inst. of «x [+ " ] '
Raff, AU Occanuyraphy X
Vacquier, V. ' 3
1S. First Mcasuresent of Benioff, H. 1961  Caltech x os &
Free Oscillations of Press, F x ]
the tarth Smith, S. x
16. Common Reflection Depth Mayne, N.M. - 1962 . Petty Geophys. Petty Geophys. | 3
Point Stacking L. Co.
12. Significance of Magnetic Hatthows, D. 196) Cambridge U. x ONR, Casbridge U.
Lineaments Vine, F.J. =
18, Heirtzler, J.R. 1968 Coluwmbia U., x ONR; NSF x x
Pitman, W. I11 Lasont Geol. Obs. &
19. Time-Scale of Geomag- Cox, A.V. 1963 U.5.6.5., Menlo x U.5.6.5.; HSF X
netic Polarity Reversals Dalrymple, G.B. Park : x
: Doell, R.R. x
20. Maturation of Hydrocar- Philippt, 6.T. 1965 Shel) Bevelop. Shell Develop. 3
bons in Petroleus Houston
Source Beds
a. . Tissot, 8. 1966  1.F.P., France x " M
2. . Vassoevich, N.B. 1967  State U., Moscow x " =
23. New Global Techtonfics & Isacks, B. 1968 Columbia U., Dept. Comm.; NSF; z
Seismology Oliver, J.£. © Lamont Geol. Obs. =x Air Force Castridge i
Sykes, L.R. 2 Res. Lad; ARPA; RASA;

Laont - R.A. to 1sacks
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Table II.15--cont'd (3)

Institutional Relationship of
Institutional Type funding to lanok
. ’ Affiltation of . Sources of Support
Titte of Innovation Investiyator(s) Date Investiyator A-G ) F W for lanovation 0 G )
24. Concept of lvligid- Plates LePichon, X. 1968 Colswia U, x ONR; NSF 5
3 & indcpendent Plate Notions ) tuswat Geol. Obs. .
25.. - Morgan, M. J. 1968  Primceton U. x ONR; NSF x
26. Development of laver- Backus, G.E. 1968 U, Ca., San x NSF; ONR = ]
. ston Theory Gilbert, J.F. Diego x
27. Programuable Magnetic Papanastassiou, D. 1969 Caltech x RSF 3
Field Rass Spectrometer Masserburg, G.J. x
28. Rate of Sez-floor Andrews, J.E. 1970 U. lawaid x NSF 2
Spreading by Dating Boyce, R.E,. Scripps. Inst. x
Methods in S. Hilow, E.D.
Atlantic - JOIDES Hsu, K.J. Swiss Fed. Inst. X
Saito. T. Coluwbia, Lamont &
Haxwell, A.E. Woods Hole Ocean. x
Yon Herzen, R.P. Inst. x
29. Discovery of Isotopic Clayton, R.N. 1913 U. Chicago x NSF; NASA; z
lieterogenieties in Solar Grosswan, L. x Res. Corp.; Louls
Nebula x Block Found. - U.

Mayeda, T

Cnl;m
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Table [1.16.--Histories of Major Innovations in Mathematics, 1950-1976

Relationship of

U el NSF/Other Funding to
institutional Type . Prior Innov.
. ) ) o Affiliation of Sources of Swpyort Ponding
i1tle of tanvvation Iavestigatur(s) Date lavestigator AG 1 F for lamovation oF 1 0 3
V. Groups of Lie Type Chevalley, C. 1955 Columbia z Atr forca Y
2. Discovery of the Seven Kilaor, J.M. 1956 Princetos U. x Sioss Foundation z =
Dimensional Sphere '
3. Simgular Integral & Pseudo Calderon, A. 1957 Y. Chicago X OS&, Alr Forcs [
Oifferential Operators ygmund, K. z
4. . Hormander, L. 1953 U. Uppsale 2
$. Proof of Meil Coajecture Grothendieck, A. 1958 J.N.E.S. Paris z M
6. o Owork, Bernard 1960 Princetos U. Y BSF z
7. . Deligne, P. 1974 1.H.E.S. Paris x NA
8. Poincare Conjecture Saale, S. 1960 U. Ca.. Berkeley x NSF postdoc; Stoam s
: 1HPA, Rio de Jan- Foundation
jero :
9. Solvadility of Groups of feit, W. 1963 Cornell U. x ‘rmy Res. OfFf.; NSF;
044 Order - Thompson, J.6. V. Chicago a :;:o Educ. Found; Sloan; X
10. Forcing - Contimam Cohen, Poul J. 1963 Staaford 1 Sloan Found.; NSF x &
Nypothesis
11. indez Theores Atiyan, M. 1963 Oxforé U. x XSF; Sloas Found. s
o Stnger, T, iy x
12. fesolvtion of Singularities Hiroaaks, M. 1964 Marvard U, OSR; RSF ]
13. Harmonic Analysis on Semi- Harish-Chandra 1965 Columbia, IAS X NSF
‘Simple Lie Groups ' : : )
14. folfations Lowson, H.8. 19721 U. Ca., Brrkeley’ = Sloan; 1WPA
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Table II.16--cont'd (2)

tueLitut ionel - L et Feratioship -
Institutional Ippe - . Prive Fusling Fumiing: Lo lue.
) Atiilistion of Zaurces of Swpport .
Title of lnnwvation lavestigalor(s) Date  Investigator ~ A 6 | F W for Inmovation o 5 0 3 1 M
15. Foliations Thurston, M. 1871 V.Ca., Berkeley s 3 a
16, Complenity of Algorithms: tarp, R.0. 1972 U. Ca., Berkeley a oF S [ §
§-P Completeness .
‘1. Higher K-Thgory Quillen. D, 1973 Wt s Stesn Found.; KSF s a
18. four-Color Theorem Appel, K.1. 1976 U. 11linois | ¥. Itlinels [ ]
Haken, M. a |
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I1I. SUPPORT OF YOUNG SCIENTISTS

<<<<<

SUBCOMMITTEE RECOMMENDATIONS AND NSB FOCUS OF ACTION

The Subcommittee recommended that the Natlonal ‘Science Board "Study
the question of support of young scientists and report to Congress."
Its report further noted that,

Although it is widely acknowledged that the best scientists in
each generation should be identified and funded whenever

possible and that employment problems for young scientists

are currently severe (and Tikely to remain so in the foreseeable
future), there is little information available about the distrib-
ution to young scientists of funds for scientific research

or about the effects on science of the d1ff1cu1t1es of young
scientists.

This paper reviews the statistics regarding the distribution of
young scientists in academic research and reports on several studies
of allocation of NSF support to young scientists. A]though these
studies provide evidence of the success of young scientists in obtaining
NSF support, different patterns of support among the various scientific
disciplines are evident. The results appear to be attributable to _
varying patterns of grant seeking activities among the scientific fields
and different age characteristics of scientists in each discipline.

The Subcommittee Report notes various difficulties faced by young
scientists but focuses on the essential question: Has the NSF been
furnishing adequate opportunities for younger scientists to do research
at a time when the Nation's graduate schools continue to produce signif-
icant numbers of new scientists, many of whom are unable to find employment
in universities? In addressing this question, the Board has sought to
focus attention on young scientists in the academic community and the
Foundation's support of these researchers in the un1vers1ty research
sector.

Size and Location of Population of Young Scientists

In 1975, the population of doctoral sc1ent1sts and engineers in the
United States numbered about 278,000.1 Approximately one-half held
appointments in universities and 4-year colleges; Just under one-fourth

1. "Projections of Science and Engineering Doctorate Supply and
Utilization, 1980 and 1985," NSF-75-301.
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were employed in industrial organizations. Most others held positions

in Federal Government agencies, hospitals, or nonprofit organizations
(see Table IIL.). Those scientists and engineers. under 35 years of age
constituted one-quarter of the total population. Nearly half of all
doctoral scientists and engineers were under 40. Because Federal funds
for research decreased during the past decade, this population of young
scientists has experienced a diminished availability of research support.
"Projections by the National Scierice Foundation and the U. S. Office of
Education indicate tha% there will be an increased supply of doctorates
throughout the 1980's.

Current employment opportunities for young scientists in the Nation's
universities and colleges are very limited. Indications are that the
academic job market will become even tighter in the next 2 decades.
University department chairmen are currently projecting reduced academic
demand for new doctorates, and there have been some suggestions of
negative demand for doctorates in academe during the late 1980's.3
As a result it is expected that: :

o Increasing numbers. of youhg graduates will have to seek
: nqnaCademic employment;

0 The;aVerage age of fécu1ties in the major research universities
will increase steadily; and

o New institutional mechanisms--such as nonfaculty research positions
--will have to be further developed if increasing numbers of
scientists are to conduct basic research at the Nation's colleges
and universities.

During 1975, 25 percent of the approximately 148,000 doctoral
scientists and engineers employed in 4-year colleges and universities
indicated their primary work activities involved research and development,
not teaching. 4 Approximately 8,000 held temporary post-doctoral
positions. Most of these research positions were funded from temporary

2. Ibid,

3.. Atelsek, F. J. and'Gomberg, I.L., "Young Doctorate Faculty in
Selected Science and Engineering Departments, 1975 to 1980,
August 1976. o .

4. NSF 77-309, p. 38,
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Table III.1.--Number of Doctoral Scientists and Engineers by Age and Employer

Aqe Total  Educational Industry/ Basic

: Institution Rusiness Research

24 or under - 30 18 * 30
25-29 10,026 5,916 2,129 3,280
30-34 58,168 31,989 15,117 - 11,616
5~39 56,229 32,037 14,113 9,133
40-44 42,004 24,499 10,274 5,130
45-49 35,233 20,655 8,00 3,95
50~54 29,921 16,843 7,476 2,770
55-59 19,452 11,164 4,610 1,827
60-64 12,754 6,804 2,734 , 807
65-69 7,804 2,672 867 465
70 and over 5,452 539 357 82
no report 444 113 109 16
TOTAL | 277,517 153,249 65,876 39,121

*Age noted on response to questionnaire.

Source: "Characteristics of Doctoral Scientists and Engineers in the United States,
1975," NSF 77-309.
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or "soft" grants and contracts. Between one-third and one-half of these
nonfaculty scientists had been in their po§1t1ons for 5 years or more;
many expect.to remain there in the future.

The situation is especially difficult for the young scientists
seeking employment leading to tenure in the academic community. This
is basically a problem of limited availability of faculty appointments.
It is questionable whether Federal intervention could alleviate such
difficulties. Although increased Federal research funds could help
universities maintain their research staffs, the colleges and univer-
sities themselves must bear the major responsibility for issues such as
faculty tenure and retirement. Each college and university and each
department must determine for itself the organization of its research
effort and the relation of the research to instructional programs.

Young Scientists in Competition for Federal Research Support

It was decided to determine how active young scientists are in
submitting proposals for support of their research and whether the
changed financial environment of science has led to different patterns
of behavior. While young scientists might be more reluctant to expend
the considerable effort entailed in proposal writing because of
diminishing expectations of success, at the same time, the number of
young faculty members at major universities is smaller than it has been,
and increased career and promotion pressures may stimulate the drive
for research support

_ A review of proposals to the NSF Chemistry Division for the period
1970-1975, found that proposal submissions from young scientists have
declined. An NSF Chemistry Division memorandum noted:

(Another) trend indicated by the data is that the number of
proposals decreases as success ratios decline. The NSF

Chemistry Division received 939 proposals in 1971; that figure
declined to 839 by 1975. It is interesting to note that most

of this decline took place among proposals from young investigators.
In fact, the number of proposals submitted by young investigators
dropped from 235 or 29 percent of the total in 1970 to 191 or 23

5. Kruytbosch, C. and Messinger, S., "Unequal Peers: The Situation of
Researchers at Berke]ey," Amer1can Behavioral Scientist, 11, May-June
1968. A
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percent in 1975. Over the same period the proposals
submitted by established investigators increased from
577 or 71 percent of the total to 648 or 77 percent of
the total."6,7

It should be remembered that many young scientists (especially
experimentalists) spend the first few years of their research careers
working within the framework of institute or center programs or under
"umbrella" grants or as coinvestigators or research associates with
senior faculty members. Thus, data on proposals from or even grants
to young scientists do not show the total pattern of support for the
group. ' ' :

A recent study found that most scientists perceive the peer review
process to be biased against young scientists (see Table 111.2).8 Many
potential investigators believe that reviewers and program managers
would prefer proposals from more senior and established scientists over
those of younger researchers. The evidence on actual outcomes, however,
is inconclusive. A recent study found a small but persistent significant
negative correlation between career age and grant getting.? The author
attributes this to “the small youthful bias of the granting systems."
This conclusion is supported by 1972 and 1973 data on age_and success
in grant getting in the cancer research field at the NIH.10 Preliminary
data from an as yet unreleased study by the National Academy of Sciences
of NSF proposals and awards in 10 program areas suggest no significant
correlation between age of proposer and success in obtaining awards.
Rubin, Cole, and Rubin, writing in the October 1977 issue of Scientific
American, note no significant biases against young scientists.

6. NSF Chemistry Division, "Data on Grants in the Division of Chemistry,"
Memorandum, January 19, 1976. The data exclude conferences, with-
drawals, supplements, and amendments to continuing grants.

7. This is also cited in Smith, B. and Karlesky, J., The State of Academic

Science, Change Magazine Press, New Rochelle, N.Y., 1977, pp. 91-92.

8. Hensler, D., "Perceptions of the NSF Peer Review Process," National
Science Foundation, December 1976.

9. Liebert, Ronald J., "Research Grant Getting and Productivity Among
Scholars," Journal of Higher Education, Vol. 68, No. 2, March-
April 1977, pp. 185-186.

10. "The Impact of the National Cancer Act on Grant Support," Cancer
Research, 35, March 1975, p. 480.
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TABLE III.2.--Reviewer Perceptions of Outcomes by Academic feneration, Region, and
. Institutional Affiliation (percentages)

. INSTITUTIONAL
ACADEMIC GENERATION* REGION AFFILIATION**
Top 20
, . _ in Re- _
Before 1960- 1970 Mid- search Ph.D. Other

1960 1969 on North South west West} Funds  Granting Academic

Does the Peer
Review Process
Favor Well-
Established
P.I.'s Qver
Not-Yet-
Established
P.I.'s?

Both have an _ ‘
equal chance 19.4 18.7 11.3 15.3 18.8 21.2 19.7 20.3 18.9 13.9

Young, not-yet-

established

P.I. has better

chance: 6.3 3.2 1.4 4.7 2.8 5.9 4.5 6.9 4.1 4.2

O0lder, well-

established

P.I. has better: :

chance 54.9 65.2 74.6 60.7 64.3 56.4 61.9 57.1 61.0 69.4

Don't know 19.4 v12.9 12.7 19.3 14.1 16.5 13.9 15.7 15.9 12.5

TOTAL
RESPONDENTS 506 434 N 29 213 236 244 261 439 72

*Date of Ph.D. degree.
**Excludes respondents at nonacademic institutions.

Source: Hensler, D., "Perceptions of the National Science Foundation Peer Review Process,"
NSF, December 1976, p. 47.
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But contradictory evidence shows that the population of NSF awardees
has aged faster than the total population of academic doctoral scientists
and engineers. In a supporting study for this paper, a small sampling was
conducted of the .ages of NSF awardees.. The study. found that:

o The age and academic rank characteristics of NSF-funded
principal investigators did not change significantly
between 1972 and 1974; and ‘

0 NSF-funded principal investigators tend to be older, have
held the Ph.D. longer, and are more senior in]?cademic rank
than the general academic science population.

A National Research Council study documented a similar finding of a
significant increase in the professional age of NSF social science
awardees between 1965 and 1974.12

The Hensler study discussed above also provides data on age and
success in obtaining NSF awards. The survey was based on a 20-percent
random sample of the first-named investigators on proposals acted upon
by NSF during FY 1975. The results are shown in Table III.3., The
Hensler data appear to show a bias against younger investigators. A
more detailed,albeit 1imited, assessment in the NSF Chemistry Division
shows that the success ratio for proposals received in FY 1975 was
essentially the same for young and established investigators. The
Chemistry Division data exclude committed renewals, i.e., annual
requests for funding that were previously committed.

NSF has also gathered data on the age distribution of scientists
receiving some form of Federal support (see Table III.4). 1In 1973,
approximately 51 percent of the 78,000 doctoral scientists and engineers
engaged in research in U.S. colleges and universities reported some
form of Federal support. 13 Senior investigators (those who had
received their doctorates more than 7 years ago) reported a slightly
higher percentage of Federal support than their younger colleagues--52
percent compared with 50 percent. The young/senior scientist ratio of

11. Dean, Burton, unpublished study.

12. National Research Council, "Social and Behavioral Science Programs
in the National Science Foundation: Final Report 1976," Appendix B,
p. 96.

13. NSF, 75-302.
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Table III.3-~NSF Awards and Dec11nat10ns By Age and Prestige of
Institution of Current Employment of Proposer During
FY 1975 (percentages)

Institution Type _ Top 20 Universities A1l Other Institutions
(research funds)
Age of Proposer* ' Young Middle 01d - Young ~ Middle 01d
Awardees 54.4 68.9 78.3  48.6 55.5  61.6
Declinations/With-
drawals 45.6 3.1 21.7 51.4 44 .5 38.4
(N) ' (57) - (167) (221)  (401) (890) (558)

Note: Because about 15 percent of all proposals are submitted by two or more
coinvestigators, this sample slightly underrepresents the total community of
NSF investigators. Also, it seems probable that the first-named investigators .
tend to be the more senior member of the team. If this is so, then the sample
underrepresents junior investigators.

*Young = Ph.D. received in the 1970's
Middle = Ph.D. received in the 1960's
01d = Ph.D. received prior to 1960.

support was 0.96 for all fields. There was, however, considerable variation
among the major disciplines. In the biological and phys1ca1 sciences, the
percentage of young researchers with Federal support exceeded that of senior
researchers (young/senior ratio of 1.06). In mathematics, the percentage
of young researchers reporting Federal support was less than three-fourths
that of their senior colleagues. The proportion of social scientists and
mathematicians reporting Federal support was also found to be substantially
below that for researchers in other fields.

In summary, various studies undertaken by different investigators
in different fields of science indicate conflicting evidence regarding
the success of young scientists in obtaining NSF support. The results
appear to vary by the grant seeking activities of the scientific fields
and the different age characteristics of scientists in each discipline.
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Table III 4--Federal Support ‘For Young and Senior Academic Researchers, 1973*

Researchers with Federal. : Young/Sen1or
Support - (Percent) Field . Ratio
Young Senior .

68 62 Biological Sciences ’ 1.06

58 52 Physical Sciences | 1.06

50 51 A1l Fields 0.9

28 30 Social Sciences 0.94

50 61 Engineering | 0.81

27 36 Mathematics 0.74

Young investigator: Ph.D. received within past seven years.
Source: NSF, Science Resources Studies, D1rector s Program
Review, June, 1974.

Conclusions

There are no s1mp1e solutions to the problems confronting the Nation's young
scientists. Responsibility for helping to solve these problems, however,
must be shared between the Federal Government--the principal funder of
basic research in the Nation--and the Nation's universities and colleges--the
principal homes of performers of basic research. Increased funding for
research would help alleviate some of the difficulties, but the essential
questions of accepting continuing support and of establishing nonfaculty
appointments would be solved best by the individual colleges and universities.
A major strength of the U. S. research system is its diversity and adapt-
ability to change. Given the inherent uncertainties of forecasting the
long-term supply and demand for research scientists, it appears that the .
strategy with the greatest promise is that of systematically increasing
the possibilities for exchange of personnel among the academic, pr1vate and
government sectors.

The Board, however, continues to seek means to insure that younger
scientists have equal access to NSF research funds. As noted in Section V
of this report (Mismatch), the Board and the Foundation have long sought
to monitor the essential needs of the varicus performers--including those
of young scientists--and to implement appropriate programs to alleviate
difficulties. Three specific areas where NSF programs have been initiated
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primarily for young scientists include:

o Engineering Research Initiation Grants
(FY 1977, 61 grants totaling $1,25M)

0 Fé110wships at the Princeton Institute for Advanced Studies
(FY'1977, 30 fellowships totaling $300K)

o Human Cell Biology Program
(established in FY 1972 to assist young 1nvest1gators,
no Ionger targeted to young scientists).

In each instance, a unique combination of circumstances argued for

initiation of the program. The Board will continue to encourage the
Foundation to seek other opportunities for young scientists.
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IV. NSF_FUNDING QF RESEARCH AT UNDERGRADUATE TEACHING INSTITUTIONS -
~ {4-YEAR COLLEGES)

SUBCOMMITTEE‘RECOMMENDATIONS AND NSB FOCUS OF ACTION
The Subcommitteevrecommended that:

The National Science Board should study the funding
of research at undergraduate-teaching institutions
without graduate departments (colleges) by the
Foundation and report to Congress.

The study should provide data on the distribution

of Foundation research funds to colleges, analyze the
data to determine the suitability of the distribution
and .give conclusions and recommendations for Founda-
tion procedures, as indicated . . . . .

This paper discusses these concerns and considers the Foundation's
support of research at U.S. colleges. The NSB believes that:

o The Nation cannot afford to overlook, or to judge
prejudicially, high quality research of investiga-
tors Tocated in colleges;

0 The future health of American science depends on the
quality of teaching at all levels, including the
undergraduate lével, where a substantial number of
students in science can benefit from participating
in or observing research; and

0 Qualified faculty members in colleges should have a
fair opportunity to participate in the peer review
process and to receive just evaluations from it and
from NSF officials.

The Board also notes that many research scientists and engineers first
develop tqeir interest in scientific careers while attending 4-year
colleges.' It is important that the access of these is gqual to that
available to university faculty members. A study on NSF funding of

1. See Tidball, M. Elizabeth and Kistiakowsky, Vera, "Baccalaureate
" Origins of Amer1can Scientists and Scholars," Science, 193,August 20,
1976, pp. 646- 652
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Table Iv. 1,--Number of Institutions and Share of Enroliment American
. H1gher Education, 1970, By Type of Institution

Number of Institutions - Percent of al)
InstitutionaTAType' Public Private Total Enroliment
The College Sector 336 836 1172 37.5
Comprehensive I 223 98 321 24.7
Comprehensive 11 85 47 132 2.7
Liberal Arts 1 | 2 144 146 2.2
Liberal Arts 11 % 54 573 5.9
The University Sector 108 65 173 31.5
‘University.l » 30 22 52 12.9
Univerﬁity Il 27 13 40 7.2
University II1 3 19 53 7.6
University IV 17 1 28 3.8
Two-year and a few 869 613 1482 31.0
- specfalized insti-
tutions.
" TOTAL 1,313 1,514 2,827 100.0

Source: A Classification of Institutions of Higher Education,.technical rePort
sponsored by the Carnegie Commission on Higher Education, McGraw-Hill

Book Co., Highstown, N. J., 1973.
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colleges found that the ratio of awards to applications (the success
ratio) was about the same for both 4-year college institutions and
university scientists. The Board maintains, however, that greater
efforts should be made to involve scientists from 4-year colleges in
the review process and to encourage proposals from them. The Board
does not favor any sheltered competition for scientists in 4-year colleges. -

Distribution of NSF Research Support

To determine the distribution of NSF support among researchers at
the Nation's colleges and universities, two questions should be addressed:

0 How are scientific researchers in the various types of
colleges faring’ in the NSF peer review competition?

o Are investigators located in predominantly undergraduate
institutions receiving a "fair" share of NSF research
support? . -

Table IV.1 shows the number of colleges and universities in each of
the major types of ‘institutions and the distribution of public and private
schools in each category. The undergraduate teaching institutions were
divided into the following four sectors (by slightly renaming categories
of the Carnegie Commission on Higher Education):

Comprehensive College I. Public and private institutions with two
major professional programs, such as engineering or business admin-
istration, in addition to a liberal arts program. Many of these
colleges offer a master's degree, but they have 1ittle or no.
doctoral work. Examples: (public) California State University,
Long Beach, enrollment 26,000; (private) University of Bridgeport,
enrollment 9,000.

Comprehensive College II. Public institutions with over 1,000
students and private institutions with over 1,500 and at least

one major occupational program, such as teacher training or nursing.
Many are former teachers colleges that have broadened their programs
to include a liberal arts curriculum. Examples: (public) Glassboro
State College, enrollment 10,000; (private) Saint Qlaf College,
enrollment 2,600. '

Liberal Arts College I. The higher quality liberal arts colleges,
as identified by relatively high scores on indicators of student
quality. Nearly all are private. Example: Swarthmore College,
enrollment 1,200.
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Liberal Arts College II. A1l other liberal arts colleges, again
mainly private. Examples: {publi¢) State University of New York
College at Purchase, enrollment 400; (private) Bethel College,
Indiana, enroliment 500.

The universities were similarly grouped into four major classes--University
I, II, III, and IV--based on the amount of Federal financial support of
academic science and number of Ph.D. degrees awarded. (Institutions
awarding fewer than 10 doctorates in 1970 were assigned to one of the
college categories.)

Data on the distribution of research funds from all sources to the
different types of colleges and universities are given in Table IV.2.
Tables IV.3 and IV.4 compare the number of research proposals submitted
to the NSF from each type of institution and the number of awards received.
Table IV.5 provides data on the number of scientists and engineers employed
by the Nation's colleges and universities.

It is essential to keep in mind that NSF support of scientific research .
is complemented by funding from a variety of other sources, both private
and public. More than a half dozen other Federal agencies also provide
significant funds.

The Federal Government has remained the main source of direct support
of scientific research in colleges and universities since World War II.
The Federal share generally ranges between 60 and 80 percent among 16
categories of colleges and universities (the 8 sectors defined above
divided into public and private components). Only the second level private
1iberal arts colleges fall measurably below the rest in Federal proportion
of funding (only 42.7) as well as in Federal dollar sums (see Table IV.2).
Generally lacking State appropriations, private institutions (undergraduate
and graduate) are relatively more dependent on Federal agencies and,
secondarily, on private foundations for research support than public
institutions.

Among types of academic institutions, the distribution of Federal
research funds is highly concentrated. Analyses made by NSF for FY 1975
show that nearly 98 percent of Federal agency research and development
funding to the academic sector went to doctorate-granting institutions, and
less than 3 percent to colleges.

Table IV.6 shows that, within the college sector, the relatively small

share of Federal research funds that the four institutional categories
received also was highly concentrated in one category.
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Table IV.2--Total Research Expenditures in Colleges and Universities,
by Source, FY 1975, in Thousands of Dollars*

Source of Funds

Other

Institutional Total, : . State Local Private Ingtituti:
Types All sources Federal Gov .Gov Foundation Industry Sources Owvn Fund:
1) Public ' ' ‘

Comp Col I 104,155 67,850 13,849 1,037 3,332 4,188 1,353 12,546
' | (100 ) (65.3 ) (13.0.) (1.0) (3.0) (4.0)) (1.3) (12.5 3

Comp Col II 6,620 4,316 862 94 201 319 205 623
R (100 ) (65.0)  (13.3)  (1.0)) (3.2) (4.0°) (1.5)  (12.0.

Lib Arts Col I 3,605 2,262 11 - 182 - — 1,150
o (100 ) (62.7) (0.3) (5.0 ) (32.0

Lib Arts Col II 1,911 1,508 35 67 120 5 3 173
B (100.) (19.0)  (2.0)  (3.5) (3.0 ) (0.3 ) 0.2) (9.0}
~ -

SUniv I 1,145,257 727,611 145,325 3,009 38,196 - 29,357 24,740 177,013
(100 ) (64.0 ) (13.0 ) 0.3)) (3.5) (2.5) (2.0 ) (15.5 )

Univ II 427,221 224,646 102,284 2,218 10,354 20,041 10,749 56,929
- (100 ) (52.6..) (24.0) (0.5 ) (2.4 ) .7 ) (2.5 ) (13.3 )

Univ IIT 190,258 114,586 28,444 2,174 7,009 7,425 3,832 26,788
(100 ) (606.2°) " (15.¢ ) (1.1) (3.7) (4.0) (2.0)  (14.0

Oniv IV 53,840 28,199 8,746 271 1,999 3,237 1,946 9,442
(100 ) (52.4 ) (6.2 (0.5 ) (3.7) (3.6 ) (17.€ >

(6.0)

*Figures in parenthese indicate percentages of total from all sources.

do not total 100 percent, difference is due to rounding.

Where percentages
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Table IV.2--cont'd

2) Private
Comp Col I

Comp Col 1II
Lib Arts Col I

Lib Arts Col II

P

23,253
(100 )

1,625 388 1,204

1,780

(100 )

9,314
(100 )

(3.0)

2,264

(100 )

42.7)) (0.09) {23.8)

(6.9 ) (1.7) (5.0..)
10 35 -—
(0.6) (2.0.)
264 366 607
(3.0 ) %.0) (6.5 )
11 2 643

(5,0.) (0.09 )__ (28.4)

Univ 1
" Univ II
Uaiv III

Univ IV

865,403
(100 )

110,098
(100 )

74,657
(100 )

8,453
(100 )

21,464  31,5% 41,901
(2.5 ) (3.0 (5.0
6,062 26,626 3,576
(5.5 ) (1.4 ) (3.2°
3,320 1,616 5,650
(4.5) (4.3 (7.6 )

694 3,206 828
(8.0) (2.0 0.0

Source: The National Science Foundation, Survey of Scientific

and Colleges.

and Engineering Expenditures at Universities
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Table IV.3.--Research Applications to and Awards Made by
The National Science Foundation in FY 1974

By Type of Institution*

Success Amount -
~ Institucfonal ‘Tvpe . Applicatioas . Awards . Ratio __Awarded
'1)'The Colle~c Sector ’
Conp Col I 1995 n . | 0.356 $ 16,282,000
Cozp Col II 330 148 0.448 3,451,1G0
Lib Arts Col I 459 226 © 0.493 | 7,110,000
Lib Arts Col II 648 276 0.426 5,520,000
- 2) The Universicy
Secctor
Univ I ' 8248 . 4,588 . 0.556 $ 319,335,000
Univ IT 3251 : 1,608 0.495 | " 64,293,000
Uadv III 2015 : 865 0.429 84,386,000
Univ IV 629 | 252 : 0.4C0 | 9,106,000
Total 17,595 8,676 . 0.493 ¢ 509,983,100

*Proposals and awards consist of virtually all program grants and contracts, except proposals from foreign
institutions, purchase orders, fellowships, travel awards, and proposals and awards to other Federal agencies.

_Source: The National Science Foundation
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Table IV.4.--Institutions Applying for and Receiving Research

Grants From the National Science Foundation, FY 1974*

Total Mumber

- Institutional Type ‘,Instgzgtions
1) The Colleae Sector ()
Comp Col I 333
Comp Col II 136
Lib Arts Col I - 149
Lib Arts Col II 580

2) The University Sector

Univ I 52
Univ I1 40
Univ I11 55
Univ IV 30
Total : 1,375

Institutions -

Applying Effort (b)
for Awards Ratio (a)
' (b} (c)

265 - - 0.79
88 0.647
107 0.718
296 0.510
52 1.000
40 1.000
55 1.000
29 0.967
932 0.678

Institutions
Receiving
Awards
d
224

65

166

52
40
s
28

117

Recinient
Ratio
(d)
a
e‘.

0.672
0.478
0.591
0.286

1.000
1.000
0.982

.933

0.521

* Proposals and awards include virtually all program arants and contracts, extept proposals from
foreian institutions, purchase orders, fellowships, travel awards, and proposals and awards

to other Federal agencies.

Source: The National Science Foundation



Table IV.5.--Ph.D. and SC.D; Scientists and Engineers Employed in Universities and Colleges,
by Major Field of Employment, Employment Status, and Type of Institution:
January 1976

6-AI

EMPLOYED IN ACADEMIC INSTITUTLONS GRANTING

DOCTORATE MASTER'S BACHELOR'S OTHER 2-YCAR

FIELD AND EMPLOVMENT. STATUS TOTAL IN S&E ‘IN S&E IN S&E DESREES INSTITUTIONS

ALL FIELDS

TOTAL voccecsassvccncoscseanss 139,936 99,132 T 19,992 15,219 406 5,187

FULL-TIME. .. coevecncncrcnnnce . 126,160 90,570 17,914 13,757 249 3,670
ENGINEERS . )

TOTAL ceccoccrncococasvocscans 14,984 13.353 " 1,010 373 18 230

FULL~TIME....cccuececnconncans 13,451 12,085 . 832 355 18 161
PHYSICAL SCIERTISTS :

TOTAL coveceercsscocsonssonane 21,979 13,983 3,425 3,294 44 1,233

FULL-TIME 20,270 13,102 3,171 3,053 26 918
ENVIRONMENTAL SCIENTISTS : ’

TOTAL cecvervecacanccnonasnnes 5,261 3,797 903 -390 22 129

FULL-TIME..:.covecvnonoacnconn 4,899 3,591 841 361 9 97
MATHEMATICAL SCIENTISTS

TOTAL veveerivencnersoccnsones 13,386 8,445 2,487 1,843 42 T 569

FULL-TIME........ eriencessrens 12,223 7.856 2,279, 1,695 26 367
LIFE SCIENTISTS

TOTAL cvoveerocovanncrarcvanne 42,818 32,255 3,648 2,977 . 77 1,061

FULL-TIME. .. covevnvncnosnnnaen 39,041 32,176 3,227 2,774 48 ®16
PSYCHOLOGISTS ’ , .

TOTAL cvvvveecornnonns cerrana. 13,873 7,237 3,276 2,363 78 a19

FULL=TIME.c.ovoesvoocosancans 11,438 6,155 2,734 1,957 48 344
SOCIAL SCIENTISTS
CTOTAL cenvvvrenoneosoncscsonne 27,655 17,062 5,443 3,979 125 1,046

FULL-TIME...sveeeerocoaancanes 24,838 15,605 4,830 3,562 74 07

Source: Manpower Resources [or Scientific Activities at Universities and Collcges, January 1°976.
Detalled Statistical Tables, Appendix B, Table B-S0 (NSIF 76-321).




Table IV. 6--Federal Research Funds to Colleges (percentages)

A1l Federal Funds
FY 1972  FY 1974  FY 1975

Comprehensive College I 77 8

2 83
Comprehensive College II 8 7 6
~Liberal Arts College I 12 9 9
Liberal Arts College II 3 2 2

Thus, most Federal research monies went to the colleges in the category
Comprehensive College I, the group most resembling universities. The

same group of institutions has about two-thirds of the total enrollment
of the four groups (see Table IV.1). Meanwhile, in the Liberal Arts
College I group, Federal funding decreased from 12 to 9 percent, or,

of total academic research and development, from about 0.5 to 0.4 percent.
These colleges actually received fewer dollars in 1975 than in 1972,

while the amount flowing to Comprehensive College I institutions increased
from about $57 million to $85 million. (These colleges funded 32 percent
of their research activities from their own resources.)

As shown in Table IV.3 (individual applications and awards) and
Table IV.4 (experiences of institutions), NSF funds for academic
research, like all Federal funds, go overwhelmingly to the University I
category and to universities in general (as compared with colleges).
Colleges, however, received 6 percent of NSF research funds going to
academic institutions, compared with 3 percent of all Federal funds.
But the success ratio (of awards to applications) for individual
applications is relatively even among the categories. The heavy concen-
trations of NSF research support in universities were statistically
related more to the large volume of proposals from certain types of
institutions than to differential relative success in winning awards
(Table IV.3). In FY 1974, over 8,000 applications for support were
received from University I category institutions, compared with Tess
than 500 from the Liberal Arts College I group. Success ratios for
these two categories were 56 percent and about 50 percent, respectively.
Among all eight types of institutions, the Liberal Arts College I had
a relatively high success ratio of awards to applications. For institu-
tional performance (Table IV.4), both the "effort ratio" and the "recipient
ratio" show much more variation. '
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Although the subcommittee requested that this report address NSF
research support rather than education assistance, it should be noted
that the substantial reduction in NSF science education budgets in
recent years had considerable impact on the colleges. The colleges
have also suffered from a shift in NSF research funding from academic
institutions to nonacademic organizations (including other Government
agencies, private profit organizations, and faderally funded research and
development centers).2

Research Environment and Productivity

The preceding discussion centered on the actual distribution of
NSF research funding among colleges and other types of academic
institutions. There are, however, other questions to be considered;
(1) Is the actual distribution optimal and fair; and (2) Do college
faculty members perceive the distribution, and the peer review system
which guides it, as equitable?

One aspect of the problem of determining the optimal pattern of
distribution involves the relationship between research and undergraduate
education. For a substantial portion of both teachers and undergraduate
students, research strengthens education. Research grants to the colleges
thus serve both educational and research needs.

The research environment varies enormously among these institutions.
Some are totally hospitable to research and research training. Others
are restricted by governing body or administration policy to a narrowly
defined teaching function; research must take place on an individual's
own time and is not a part of the regular faculty assignment.

The population of potential research grant recipients is some fraction
of the staff members who have the doctorate. There is, however, no
objective basis for estimating the number of qualified staff members who

2. An NSF special analysis comparing the periods 1969 and 1975, found
that of all NSF funding of research in both academic and nonacademic
institutions, the academic share fell from 83.4 percent in 1969 to
74.1 percent in 1975. Of shares to academic institutions, the
portion going to the "less-than-doctorate" institutions fell from
6.2 to 3.3 percent. Much of this decline reflects the introduction
of the RANN program and mission-oriented basic research efforts
funded outside of academic organizations.
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wish to do research of the type and quality NSF programs require. Some
faculty members who are interested in research and capable of doing first-
class work prefer to locate at colleges rather than at universities

so that they can spend a larger percentage of their time in teaching
functions. At institutions that encourage research, availability of faculty
time is a major determinant of research potential. Average teaching loads
(class contact hours per week) are greater in colleges than in most universities.
In the smaller liberal arts colleges, smaller class enrolliments tend to
alleviate teaching responsibilities. An informal survey of campus liaison
officers, (there were 13 respondents, all members of the American Asso¢iation
of State Colleges and Universities that participate in AASCU's Office of
Federal Programs service) found the respondents:

. were unanimous in their agreement that there are
severe barriers at smaller institutions to faculty research
and the preparation of proposals for external funding. The
problem most frequently cited is heavy faculty teaching
loads: a twelve hour course load is the norm at many
institutions, and faculty cannot be released from teaching
duties unless personnel costs are included in the grant.

NSF attehpts where possible, to relieve teaching loads of researchers
who receive grants.

Another factor limiting the quantity of research production in the
colleges is that faculty researchers often are assisted by undergraduate
students. Faculty members have an educational obligation to undergraduate
students, but because students at this level are relatively untrained in
research procedures, the research process is Tikely to take longer than
if the work were performed by graduate students and post-doctoral fellows,
who normally assist faculty researchers in the major universities.

3. "National Science Foundation Research Support to Four-Year Public
Institutions,” Unpublished report by American Association of State
Colleges and Universities, August 1977.

4. "As a general policy the Foundation recognizes that salaries of
faculty members and other personnel associated with the research
constitute appropriate direct costs in proportion to the effort
devoted to the research." Grants for Scientific Research, NSF 76-
38, p. 11. ' ‘
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It has been suggested that NSF reviewers make allowance for the
lesser quantity of previous research publications by certain applicants.
Reviewers often do not recognize and allow for this factor. The Board
is reluctant to impose any formal regulation regarding this matter but
does believe it desirable to call this matter to the attent1on of ad hoc
and advisory panel reviewers.

Research that requires large teams, numerous technicians and graduate
research assistants, or expensive facilities and equipment is extremely
difficult to conduct in 4-year colleges. Whole areas of science for which
NSF has special responsibility are dominated by team research or require
major facilities and therefore are rarely or never found in the colleges.
Atmospheric science, physical oceanography, and high energy physics are
examples. The fact that NSF allocates a large part of its budget to
these fields inevitably results in a high concentration of awards in
doctoral institutions. Similarly, NSF's engineering grants tend to go to
institutions where most of the engineers who hold doctorates are located,
i.e., universities. The Research Applied to National Needs (RANN)
projects have often required large research teams and thus also have
tended to concentrate in large institutions.

In many areas of biology, psychology, chemistry, and social sciences,
research can be carried out by individual investigators without major
facilities or numerous assistants. This type of research can be and is
supported by NSF grants to colleges as well as to universities. College
faculty members are encouraged to work at national centers and observatories.
For several years, NSF research programs have reserved a small block of
funds (about $400,000 annually) for the purpose of supplementing existing
research grants at universities in order to permit college faculty members
to perform as research associates on major projects. Eighty-eight such
awards were made in FY 1975. Announcements in the NSF Bulletin and
publicity given by college associations apparently have made availability
of these funds more widely known than in earlier years.

The Ladd and Lipset survey asked the question: "How many of your
professional writings have been published or accepted for publication in
the last two years?" The four college sectors showed considerable differ-
ences. Sixty-five percent of the faculty members in the Liberal Arts
Colleges I category had at least one publication. This compares with .

30 percent in Liberal Arts Colleges II, 53 percent in Comprehensive
Colleges I, and 31 percent in Comprehensive Colleges II. The college
and university sectors overlapped, with the 65 percent figure of the

5. Data compilation and analysis based in part by work done under NSF
contract by Burton Clark, Yale University, including Ladd-Lipset
Survey of American Professors (1975).
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leading Tiberal arts colleges ranking between the third and fourth of
the four university sectors. In publishing 5 times or more in a 2-year
period, all university sectors were stronger than the leading college
sector. Heavy individual producers were found to be about four times
more 1ikely to appear in leading universities than in leading colleges.

In general, it appears that faculty in the college segment of
American higher education do conduct research. Even in the least
productive sectors, nearly a third of the faculty has published in the
last 2 years. The leading college sectors have a substantially better
record, enough to cause them to overlap the university sectors.

Col]ege.facu1fies and their colleagues in many universities, however,
perceive that NSF research funds are not available to them. A recent
and extensive survey of the NSF peer review system 'included the question:

In general, if two equally and good proposals are submitted
to NSF in your area, one from a well-known institution and
one from a lesser-known institution, do you think both
proposals have an equal chance of being reccmmended for
funding by the peer reviewers or one has a better chance
than the other?

The percentage distributions of responses from 1,036 NSF reviewers
and 2,641 recent applicants are shown in Table IV.7.

Table IV.7--Perceptions of NSF Fund Availability

' Reviewers Applicants
Both have an equal chance 28.9 15.9
Proposal from well-known institution
has better chance 51.1 60.6
Proposal from lesser-known institution
has better chance 2,2 2.7
Don't know 17.9 20.7

6. "Perceptions of the National Science Foundation Peer Review Process:
A Report on a Survey of NSF Reviewers and Applicants," prepared for
The Committee on Peer Review, National Science Board and The
Committee on Science and Technology, U.S. House of Representatives
by Deborah R. Hensler, December 1976, Table 14.
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Thus, a majority of reyiewers and applicants thought that the NSF
peer review process does favar proposals from well-krown institutions.
Reviewers are somewhat more Tikely than applicants to think the system
gives proposals from lesser known institutions an even chance. These
perceptions reflect the views of some scientists in institutions (colleges
or universities) who do not attempt to obtain NSF grants. The NSF staff
has been requested to increase its use of reviewers and advisory panelists
from all types of institutions and to encourage proposals from the Nation's
colleges. :

Peer Review Processes

One way to improve both the fairness of the review process and
perceptions of its fairness is to use qualified reviewers from all types
of institutions. The National Science Board has instructed Foundation
program officers to seek panel and advisory group members from all types
of institutions, including colleges. In the survey sample of FY 1975
NSF reviewers, slightly more than two-thirds of NSF peer reviewers were
located at Ph.D.-granting universities, and about 7 percent were at 4-year
colleges or institutions with Timited Ph.D. programs (others were in
Government or industry). It is reasonable to expect that most reviewers
will themselves be active researchers and will be located in universities.
However, the number of reviewers from the other institutions can be
increased to this end, bio-bibliographical sketches of potential .
reviewers and advisory group members from colleges have been submitted to
the Foundation and the Board encourages the use of suitable persons. In
June 1977, the American Association of State Colleges and Universities
assisted the Foundation in compiling a list of over 700 faculty persons
from member institutions who would be ;uitab]e for appointment to NSF
peer review panels or advisory groups.’ Other similar lists have been sent
to NSF program officers.

7. A sample of the selected list (the names suggested to the mathematical,
physical sciences, and engineering programs) has been compared with the
list of reviewers the Foundation has been using in its research or
education programs over the last 2 years. More than one-fourth of the
names were already on the NSF list of reviewers, which perhaps indicates
reasonably good mutual agreement on criteria for selection between
NSF and college administrative staff.
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Summary, Conclusions, and Recommendations

Concern about NSF support of research in undergraduate teaching
(nondoctoral degree awarding) institutions stems from the desires to
(a) foster quality research, wherever located; (b) improve the education
process and permit greater numbers of undergraduates to participate in
or have contact with research; and (c¢) insure fairness to all potential
applicants and reviewers. The operational aspects of these concerns appear
to be:

1. NSF research support and total Federal funding are heavily
concentrated in universities with doctoral degree programs.
When all academic institutions are grouped into eight
categories (four types of universities and four types of
colleges), research proposals from the Liberal Arts College I
group have success ratios comparable with the University I
group. NSF awards to the Comprehensive College I category
have been increasing, but decreasing as compared to those in
the Liberal Arts College I category.

2. Part of the concentration pattern is explained by the need for
certain types of research to take place where there are specialized
facilities, large equipment, and numerous graduate assistants,

Some fields of science for which NSF has special responsibility
are predominantly of this character.

3. The Board does not believe that circumstances warrant establishment
of special advisory panels or separate competitions for proposals
from colleges. It is possible, however, to eliminate certain
problems in the review process and certain negative perceptions
by:

a. increasing Foundation use of college faculty members
as ad hoc proposal reviewers and advisory panel members,
increasing the perception of fairness college faculties
have of NSF practices;

b. recognizing and making allowance for the effect of teaching
“loads and for the necessity to supervise closely less
experienced research assistants, both of which restrict
the quantity of research output from scientists in the colleges;
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c. continuing to develop arrangements that enable scientists
at institutions with equipment limitations to work at well
equipped laboratories part-time or during summers;

d. continuing the Board's oversight of the Foundation's review
processes in order to minimize biases.

In today's strenous competitions many very good applications cannot
be funded. Funds for supporting research are inadequate to make awards for
many promising scientific projects submitted by well qualified applicants
from all types of institutions. The Board recognizes its responsibility, however,
to insure that the available research monies are equally accessible to all
performers, that all types of research performing institutions are treated
objectively and equitably, and that scientists in 4-year colleges are not
discriminated against. : '
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V. MISMATCH: THE PROBLEM OF THE IMBALANCE BETWEEN RESOURCES AND DEMANDS

SUBCOMMITTEE RECOMMENDATIONS AND NSB FOCUS OF ACTION
In its report, the Subcommittee recommended that:

-~ The National Science Board should establish an internal
Foundation program to monitor problems arising from the
mismatch between the size of Foundation funds available
for support of that community, and should report period-
ically to Congress.

Examination of the Problem

The Nation began to expand its support of scientific research in the
years following World War II. This expansion culminated in a massive
infusion of Federal funds in the decade beginning in the late 1950's.

By 1968, nearly 3 percent of the Gross National Product (GNP) was dedicated
to R&D. A new scientific capability with new practitioners, new
facilities, and expanded educational opportunities was created. This
funding pattern also created new expectations for support. But as the
Nation's priorities changed in the late 1960's, Federal support for R&D
decreased. By 1976, total Federal R&D expenditures had fallen to 2.2
percent of GNP. In 1972, the Board noted that the situation represented

“a challenge to which the Government, educational and research structure
had not yet fully adapted' | ‘

The situation is especially difficult for the basic research community,
where Federal support constitutes two-thirds of total expenditures. Federal
funds for the support of basic research for academic science have stopped
increasing and have decreased in real dollars. (Basic research today
accounts for less than 0.3 percent of the GNP as compared with 0.38 percent
in 1965.) It has only been in the past 2 years that real dollar support
to basic science has begun to improve. But problems remain. Despite a
decade of readjustment, there remains a "mismatch" between research
opportunities and available resources and a lack of continuity and
stability in research support. An expanded (and still expanding) number
of capable scientists - many of whom were trained during the past 2

1. NSB Science Indicators, 1972, Washington, D. C., 1973, p. 32.
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decades and who now should be in especially productive periods'of their
careers--find it increasingly difficult to.obtain the support required
to conduct their research, :

The Board and the Mational Science Foundation have long been concerned
about this mismatch. Several mechanisms have been established to insure
that objective assessments are made of developing trends and that appro-
priate attention is given to determining the needs of research performers.
As a result, new programs and administrative procedures have been created
so that finite resources can be allocated better to meet the changing
needs of the research community. The more significant of these monitoring
mechanisms are summarized below.

Monitoring the Science Base

~ Science Resource Studies. The Science Resources Studies program
within the Foundation maintains a comprehensive data base to determine
trends and shifts among scientific and technical manpower as well as
the distribution of the Nation's R&D effort. The Manpower Characteristics
System provides information regarding the economic, professional, and
demographic conditions of the Nation's two million scientists and engineers.
The National Patterns of R&D Resources published annually provides data on
the national R&D effort in terms of performers, source of funding (public/
private), and manpower distribution. This report is the only source of
national totals and permits an integrated assessment of trends among
individual sectors.

Science Indicators. The Board surveys, compiles, analyzes, and
publishes significant data regarding scientific manpower and funding in
the biennial series, Science Indicators. A variety of indicators
representative of the status of science and its various disciplines is
reported. Particular attention has been focused on examining resources
dedicated to basic research, the funding levels of private organizations
and public agencies, and the location of performers. Other indicators,
such as the number of publications produced by the different sectors in
major fields, seek to monitor the scientific output of various sectors.
Using such indicators together with its collective professional Judgment,
the Board seeks to determine trends and direct attent1on to areas requiring
further study and/or action.

Annual Reports of the Board. The Board has a statutory responsibility
to report annually on the health of science.2 In recent years this

2. ‘Every other year this report is the Science Indigcators report.
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report has focused on dimensions of the gap between the needs of research
performers and available resources. Science at the Bicentennial, the
eighth board report, noted that, "scientific research, after a period

of relative well-being, is today exposed to seyere stress." A survey

of hundreds of researchers, administrators, laboratory directors, and
academic departments revealed significant concern over the future. The
one universally identified need was for greater continuity and stability
in research funding. This need, in fact, may be as significant as the
problem of funding levels. This survey adds an important dimension to
the Board's perception of the disparity between the capacity of the
sciences base and the availability of funds.

Special Analyses by the Foundation. The Foundation also conducts or
sponsors special studies to determine the impact of research funding and
policies on the Nation's research base. One such recent study based on
a survey of 36 universities found that the relative shrinkage of research
funding has introduced considerable tensions and strains within the
academic community.3 While the full findings of the study go well beyond
the problem of resource shortfall, there are two substantive findings
that deserve mention here. One is the growing need of greater support
for instrumentation. The other finding, less tangible, is the deterioration
of Government/university relations. Much of the difficulty is traceable
to funding 1imitations. As money has become relatively more scarce, the
process of its acquisition has become much more competitive, as well as
" . more elaborate, time consuming, and bureaucratized," One result
has been an increase in overhead costs for those seeking grant support.

External and Internal Program Oversight

In addition to these monitoring mechanisms, the Foundation and Board
have initiated specific program planning procedures and more extensive
external oversight in order to provide a greater capacity for informed
 decisionmaking.

The Foundation and Board recently acted to strengthen procedures to
address the challenges of the changing research environment. In April 1977,
the Director established a plan for extensive evaluation and external
oversight of Foundation programs. The internal evaluation activity of

3. Smith, Bruce, L. R., and Karlesky, Joseph, The State of Academic Science,
a study financed by the National Science Foundation under the
auspices of the Association of American Universities.
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the Foundation itself was expanded, and formal external oversight

groups were.established to augment the Foundation's permanent advisory
committees. Composeéd of recognized scientists and research administrators,
these committees prov1de adyice and guidance to the major organizational
subdivisions.

To this central advisory committee structure an external system was
added that established oversight review for each Foundation research program.
Every several years experts external to the Foundation will conduct a
detailed review of each program. It is intended that these reviews will
examine all aspects of the program: scientific quality and balance,
decisionmaking procedures, funding decisions, and quality of program
management, including the adequacy of peer review. The review teams will
have complete access to all information required to accomplish this task
and are expected to monitor the adequacy of the Foundation decisionmaking
process under conditions of increasing proposal pressure.

The detailed procedures for these reviews are currently being developed
on the basis of a trial effort in chemistry. In this study, teams of
outside experts spent 2 days reviewing all project funding decisions made
during FY 1975 in the eight subprograms and found:

o In all cases, the aQerage grant size was too small;

o One subprogram had a reasonable budget; four hadb
budgets that were much too small;

o One subprogram had a "failure of correlation" between
the quality of proposals made to it and funds made
available to it;

o In all eight subprograms, the selection and performance of
reviewers was excellent;

o Overall, all subprograms seemed to be doing well in funding
the best possible set of proposals.

On balance, the review found that despite budget tightness and severe proposal
pressures, the high quality of the decisionmaking process was being
maintained within the chemistry program.

These new oversight procedures and additional review mechanisms
will operate most effectively if managed by a single, high-level organ-
izational unit. Accordingly, effective October 15, 1977, the NSF audit
office, evaluation staff, and oversight staff were transferred to a new
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Office of Audit and Qversight. This office, which reports to the
Director of the Foundatlon will be better ab]e to coord1nate these
functions. . .

But the increasing number of proposals, decreasing average grant
size, and subsequent need for closer reyiew of the award process have
also created increasing workloads for NSF staff. Thus far the Foundation
has coped with the problem by procedural .improvements and a limited
increase in the professional staff. Continued additions to the staff
will be essential.

The Role of the Program Director

The NSF program directors and section heads provide much of the
specialized knowledge required to assess questions of imbalance between
funding and scientific opportunity in the various scientific disciplines.
They help maintain awareness of the opportunities for improvement in a
discipline and continually assess research, infrastructures, resource
needs, unique opportunities, and actions and interests bf other agencies
and industrial researchers. Using a variety of techniques, including
visits to locales where research is in progress and participation in
various conferences and technical meetings, the program directors pay
close attention to detail and quality so that they can provide the best
means for optimal allocation of resources.

Planning Environment Review

The Foundation and the Board have recently instituted new procedures
designed to strengthen agency-wide planning and decisionmaking. The
Board requested that the Foundation provide an annual review of the
various disciplines in science and assess the important factors affecting
the Nation's research capabilities. This review of the planning
environment concentrates on the infrastructure, manpower, funding, and
political factors affecting each discipline. Introduced last year,
the planning environment review has become the principal means by which
the Board identifies and defines significant policy issues so that it
can make informed decisions on policy and funding.

Summary

An important task of the Board and the Foundation is to monitor the
various problems caused by the discrepancy between the capacity of the
science research community and the resources that can be made available
to support its undertakings. Both seek to carry out an accurate assessment
of the many trends and developments affecting resources for science. To
provide a basis for budgetary recommendations, the Board and Foundation
conduct or sponsor periodic and special surveys designed to measure and

V-5



interpret both funding and. research output trends. New organizational
arrangements have been introduced within the Foundation to help Board
and Foundation offic¢ials achieve a better understanding of both the
performance of and specific problems faced by all program elements of
the Foundation. :
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APPENDIX A

TEXT OF SECTION E FROM THE REPORT OF THE SUBCOMMITTEE
ON SCIENCE, RESEARCH, AND TECHNOLOGY
: - January 1976

E. NATIONAL SCIENCE BOARD

In the course of considering peer roview at the Foundation it
became clear that there are many important issues which should not
be judged without further careful study by persons familiar with peer
review systems, further collection of information, or further analysis
after the clapse of a period of time. The Subcommittee considered
arguments that Congress ought to judge these issues and set Founda-
tion policies but is convinced it is preferable to keep the responsibility
for setting Youndation policies lodged in the National Science Board
as legislated in the Foundation’s organic act.

The Subcommittes recommends in this report that the National
Science Board devote further study to eight issues. It is desirable
that the Board turn its attention promptly to these issues. The Sub-
committee will stay informed of the Board’s progress to assure that

o

the issues ave sufliciently addressed:

. Finding: There is a clear need for firm policy guiduaace in the management of
peer review at the National Science Foundation. Jxperience in science and with
the scientific community, as well as carefully assembled objective information, are
essentinl to the formation of sound policies governing peer review.

Recommendation: ‘Che National Science Board should have primary respon-
sibility for the establishment of policies governing peer review at the National
Science Foundation. '

The National Science Board should-—

1. Study the support of innovative research and report to Congress.

2. Study the support of young scientists and report to Congress.

3. Study the funding of research at undergraduate-teaching institutions
without graduate departments (colleges) by the Foundation and report to
Congress.

4. Study the extent to which the Foundation should rely on peer panel
review and report to Congress.
5. Establish an internal Foundation program to monitor problems arising
fromn the mismateh between the size of the scientifie community and the
amonat of Foundation funds avaitable for support of that eommunity, and
shonld ros)nrt perindieally to Congress. '

6. Study the question of whether the Nutional Science Foundation should
hiave formal procedures for consid-ring nppeals of decisions made on award
applieations and should report to Congres.. .

7. Sudy the effects of publieation of the list of revicwers used by the
Foundation and consider whether publication of the list in a less ageregated
forma might be desirable, e

8. Collect further informantion concerning effects on the peer review sys-
tem of the level of confidentiality in which peer reviewers’' names and vor-
batitn comments are held. The Board should report the information and any
conchizions that may be drawn from it to Congress. Further changes in the
level of confidentiality of the Foundation'’s peer review system should be
madec slowly if at all.
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" NATIONAL SCIENCE FOUNDATION

Office of the Director
Washington, D.C. 20550

Notice No, 59 _ 4 June 30, 1975
IMPORTANT NOTICE
TO

PRESIDENTS OF UNIVERSITIES AND COLLEGES
AND HEADS OF OTHER NSF GRANTEE ORGANIZATIONS

SUBJECT: National Science Board Resolution on Peer Review Information

~ The National Science Board has unanimously adopted a resolution that reemphasizes
the need that proposals to NSF be evaluated as fairly as possible and that there be wide par-
tlmpat)on of qualified individuals in the review process. The Board reaffirms its belief that
the review process should be conducted as openly as possible and with as much information
to proposers as possible, consistent with the effective evaluation of proposals.

Following is the text of the resolution of the Board on peer review information:
1. The Foundation will publish annually alist of all reviewers used by each Division;

2. Program officers should seek broadly represc ntative pmtxupdtwn of qualified in.
dividuals as reviewers;

3. - Verbalin copics of reviews requested by the IFoundation after January 1, 1976, not
including the identity of the reviewer, will be made available to the principal in-
vestigator/ project director upon request. The question of including the identity of
the reviewer will be considered further by the National Science Board;

4. ‘The Foundation, upon request, will inform the principal investigator/project direc-
tor of the reasons for its decision on the proposal.

Ttems 2. and 4. of the resolution are procedures that have always heen employed by the
National Science Foundation; items 1. and 3. represent changes in prior practices. Itis ex-
pected that these changes will lead to better communication between proposers and the
National Scienee Foundation and, in general, help élarify the basis on which decisions are
made. The peer review process has well served the scientific community and is the cor-
nerstone for the management of much of the Federal support of science and technology in
the United States; the Board’s resolution strengthens the peer review process, thereby, in-
suring the continued vigor of research and development in the United States.

ford Stever
irector
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NATIONAL SCIENCE FOUNDATION
Office of the Director
WASHINGTON, D.C. 20550

January 27, 1976
Notice No. 61

IMPORTANT NOTICE
TO

PRESIDENTS OF UNIVERSITIES AND COLLEGES
AND HEADS OF OTHER NSF GRANTEE ORGANIZATIONS

Subject: Reconsideration of Proposals Declined by NSF

1. Purpose. The processes by which the National Science Foundation determines
whether or not to award a grant for funding a proposal have been designed to result in
funding of the highest quality science. To ensure the fairness of thedesign, the Foundation
has for many years provided methods by which such processing could be reviewed at the
request of a proposer who questioned the validity of the evaluation.

This Important Notice, effective immediately, makes uniform the methods for
reconsideration which have heretofore varied in different parts of the agency. The Notice
describes the types of reconsideration which the Foundation makes available to
individuals and institutions concerning proposals.

This Notice does not apply to procurements governed by the Federal Property and
Administrative Services Act or to applications for fellowships or travel grants.

2. Policy. Although award of NSF grants is discretionary, it is the policy of the
Foundation that an applicant for NSF grant assistance whosc proposal has been declined
shall have an opportunity to receive an explanation from the appropriate Program
Director, and reconsideration where the applicant has reason to believe that the proposal
did not receive a fair and impartial initial evaluation. Where a proposal has been declined
following review by the National Science Board, only an explanation will be available.
Reconsideration is not an adversary process and a formal hearing will not be provided. The
Foundation cannot assure applicants that reconsideration will result in the making of a
grant award even if error is established in connection with the initial evaluation.*

3. Definitions.

a. “Declination” is a written notice by the Foundation advising that grant assistance
will not be provided to the applicant in response to a proposal application, a rencewal
application or a continuing application. :

* NOTE: Evaluntion of proposals usually includes subjective professional judgments by peer scientists
concerning seientific merit, relevance, significance to the discipline or to the problem being addressed. scientific
competencs and experience of the investigators, and adequaey of fucilities and available support. Since funds
available are usually insufficient to support all meritorious proposals, selection of proposals for funding must
include considerntion of the merit of a particular proposal relative to other proposals and availability of funds,
Other factors considered include programmatic choices such as the relevance and significance to the NSF
program from which the funds are to be allocated, and the need both to strengthen rescarch and education in the
sciences throughout the United States and to avoid undue geographical concentration,
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b. “Principal Investigator” or “PI” means the individual designated by the applicant
and approved by NSF to be principally responsible for the scientific or technical direction of
the work described in a proposal. In some instances, the title “Project Director” is used
instead of Principal Investigator. '

c. “Applicant” or “Institution” means the acadcmxc scientific, or other organization
which submits a proposal. A Principal Investigator is, in most instances, affiliated with or
employed by the applicant institution which submits a proposal. In rare instances, an
individual may be both the api.licant and the Principal Investigator.

d. “Authorized Institutional Representative” means the administrative official who
is empowered to commit the applicant to the conduct of'a project if NSF agrees to support it
and who, by his or her signature on the proposal, is responsible for the prudent
administration of the grant by the grantee institution if NSF awards a grant.

4. Explanation by Program Director. A Principal Investigator desiring information
concerning a declination should request an explanation from the appropriate Program
Dircctor by letter, by telephone, or in person. The Program Director will furnish
information concerning the basis for the NSIF action including, when requested, verbatim
cominents of peer reviews with the names and other identifying data of the individual
reviewers deleted wheresuchreviews were solicited by NSF after January 1, 1976. Reviewer
comments solicited before that date will be paraphrased. The Program Director will afford
the PI an opportunity to present the PI's point of view and will take such action as is
" appropriate. If, after declination of award, changes are made to the proposal, such changes
will not be considered in connection with reconsideration of the earlier proposal. However,
the PI should be informed that a revised proposal may be submitted for consideration as a
new proposal under the usual review and evaluation procedures. If the PI is dissatisfied
with the Program Director’s explanation, he or she may request recons1de1auon as
provided in paragraph 5, below.

Reconsideration. The Principal Investigator may request in writing that the
I'oundation reconsider its action provided such request:

o follows the explanation by the Program Director; and

® ispostmarked or received by the Foundation no later than 180 days following the
date of the declination.

Such request shall be directed to the Assistant Director of the Directorate that handled the
proposal and must set forth facts on which the Principal Investigator bases his or her belief
that reconsideration is warranted. The Assistant Director may conduct the reconsideration
personally or may designate another NSF official to do so provided that no official so
designated shall have participated in the initial evaluation.

The Assistant Director or other official designated by the Assistant Director shall
reexamine the procedures followed in the initial evaluation to determine whether the
propositl had received fair consideration. Such official may request additional information
from the PI and may, if deemed necessary, obtain additional peer review comments,

Within 30 days following the date of the request, the Assistant Director shall furnish to
the Pl in writing the results of the reconsideration. If more time is necessary, the Pl will be
notified in writing of the reasons therefor and of the date by which the written report is
expected to be provided. If reconsideration reaffirms the declination, the Assistant Director
will inform the Pl of the availability of further reconsideration by the Deputy Director of the
National Science Foundation and of the requirements for submlttmg such a request as
pr owd('d in paragraph 6, below.,

6. Further Reconsideration by Deputy Director. Within 180 days following reconsidera-
tion pursuant to paragraph 5, above, further review may be obtained by the applicant as
follows: v '



a. Who may request further reconsideration. Such request may be submitted only: (1)
by the institution which filed the proposal for grant assistance, or (2) where the proposal
was submitted by an individual or individuals not connected with an institution, by such
individual(s).

b. Zime for submitting request. A request for further reconsideration must be
postmarked or received by the Foundation within 180 days following the date of the written
results of reconsideration provided for in paragraph 5, above.

' c. Form of request. A requost for further reconsideration need not bein any particular
format, but it (1) must be in writing and signed by the Authorized Institutional
Representative and by the PI(s), (2) must state the proposal number (if any), and the title of
the proposal, and (3) must set forth thereasons why it isbelieved that an error occurred in
the initial evaluation and all pertinent facts and circumstances in support thereof.

_d. Address request for further reconsideration to:

The Deputy Director
National Science Foundation
1800 G Street, N.W.
Washington, D.C. 20550

e. Who shall conduct further reconsideration. The Deputy Director may conduct the
reconsideration personally or may designate one or more NSF officials to do so provided
that no official so designated shall have participated in the initial evaluation or in the
carlier reconsideration.

... : 1 Scope of reconsideration. The Deputy Director or the official(s) desngnatcd by the

Deputy Director shall review the request and the prior NSF actions concerning the
‘proposal. Administrative judgments previously made concerning award or declination for
the proposal will be reexamined. Where such recxamination indicates that administrative
judgments as to scientific merit of the proposal may have been influenced significantly by
an madequate or unfair peer review, additional peer review will be obtained.

g. Report. A written report of the results of the further reconsideration chal] be
prepared for submission to the requestor by the Deputy Director within 30 days following
thedate of the request. If more time is necessary, the requestor will be notified in writing of
the reasons therefor and of the date by which the written report is expected to be issued.

h. Finality. Once reconsideration by the Deputy Director has been completed, no
further reconsideration will be made of the proposal or of a substantively identical proposal
submitted thereafter. This does not preclude the submission of a substantially revised
propo%al in the same program area for consideration as a new proposal under the usual
review and evaluation procedures.

ford Stever
irector’
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RESOLUTION ON PEER REVIEW INFORMATION
ADOPTED BY THE NATIONAL SCIENCE BOARD
AT ITS 174TH MEETING ON JUNE 20, 1975

The National Science Board has examined the use of peer review
in the National Science Foundation decision process on grant
awards and declinations. The Board intends the peer review
process to aid the effective evaluation of proposals with the
fairest possible treatment of each individual proposal and the
broadest possible participation of qualified scientists and
\other appropriate persons. The Board intends that the review
process be conducted with as much openness and information to
proposers as possible consistent with the effective adminis-
tration of the decision process. To these ends the National
" Science Board RESOLVED that: '

1. The Foundation will publish annually a list of a11
: reviewers used by each division and office.

2. Program officers should seek broadly representative '
participation of qualified individuals as reviewers,

3. Verbatii® copies of reviews requested by the Foundation
after Januvary 1, 1976, not ihcluding the identity of
the reviawer, will be made available to the principal
investigator/project director upon request. The
question of including the identity of the reviewer
will be considered further by the Natlonal Science
Board.

4, The Foundation, upon request, will inform the
principal investigator/projcct director of the
reasons for its decision on the proposal.

All reviews requested prior to January 1, 1976, will continue
to be governed by earlier policics, since those reviews will
have been solicited with a commitment on the part of the
Foundation to the confidentiality established by that carlier
policy.

The National Science Board believes this new policy will serve
to inprove the information exchange with the scientific
community and allow it to understand better the reasons

behind Foundation decisions.




March 30, 1977
APPENDIX D |

POLICY REGARDING PEER REVIEW
ENDORSLED BY THE
- NATIONAL SCIENCE BOARD
AT ITS 188TH MEETING ON MARCH 17-18, 1977

Responsibility for all award decisions rests with the National
Science Board or other Foundation official(s) to whom such
authority has beeh formally delegated. NSF program officers

. have the responsibility to select those proposals recommended
for funding. In fulfilling these responsibilities, peer review
is one of the most important sources of information and advice
about proposal quality. The policy regarding peer review
described here is intended to make the awzard decision process

as fair, effective, open, and efficient as possible, recognizing
that in some cases there may be conflicts among these objectives.
It includes earlier decisions made by the Board on this subject
and provides additional guidance, particularly in documenting
and rcporting on the peer review .process and its use.

I. It is the policy of the National Scicnce Foundaticn that the
evaluation of all formal proposals for NSF funding includes
external pecer review with the following exceptions:

A. Proposals submitted in respeonse to formal solicitations

that are governed by the Federal Procurement Regulations.

B. Proposals to provide goéds or services normally obtained
' through purchase orders or requisitions.

C. Other proposals for which peer review has been waived by
the Director or his designee. A report on the use of
this catcgory of exception must be included in the
Dircctor's periodic report to the Board on the award
decision process. Some classes of proposals may be
excepted categorically, such as travel grants,
committed renewals, etc.

D. Proposals which are withdrawn prior to deccision.

II. Pcer revicw generally takes the form of ad hoc or mail
reviews; reviews by an assembled panel of peers; or a
combination of the two. Each program shall sclect one
primary method for pecer review which will represent the
minimum review received by proncsals in that program.
This primary method of pcer review can be supplemented
with additional reviecws, site visits, etc., as nceded
for individual proposals or activities.



III.

IvV.

VI,

After approval by the Director or his dcs1gnce the
primary rethod of peer review in each program, including
the evaluazinn crizeria reviewers are requested to consider
in reviewinz prorosals, shall be suitably announced.

‘The peer review process is intended to aid in the effective

evaluation of prcsosals and to assist in assuring that each
proposal receives full and fair consideration. Seclection
of reviewers shall be made in accordance with criteria
established to accomplish this objective. Factors to be
considered in the selection of reviewers include an
appropriate representation of relevant skills, viewpoints,
and backgrounds needed to evaluate each prOposal To the
extent practical, reviewers should be selected to obtain
a wide representatlon of reviewers in terms of geographic
distribution, type of institution represented race and
sex of rev1eners etc.

Pr1nc1pa1 investigators shall be informed by the Foundation

of the availability upon request of:

(A) verbatim, unsigned

copies of all peer reviews; (B) the criteria establlshed for’
the review; and (C) a surmary of the Foundation's reasons
for its decision on the proposal.

In no case is a review to be associated with an individual
panel merber, a reviewer (panel or ad hoc), or subgroup of
an entire panel, except as required by law. Names of

8d hoc reviewers are confidential and are not to be

released except as required by law or as provided 1n

VI. below.

The Director shall provide the Board no less than annually
a report on the Foundation's use of peer review. This
report shall include:

A.

A published 1list, by Division, of all reviewers used
during the precedlnv year.

Information on the waiver of peer review for proposals

~under Section I.C.

Statistical analyses of the usc. of pecer review.

Recommendations for change or further consideration
of the Foundation's policies on peer revicw. .

Such other 1nformat10n as the Director may feel
appropriate.
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Peer Review

‘and the Support of Science

A statistical analysis of the evaluative procedures on which

the National Science Foundation bases its funding decisions

provides no evidence to substantiate recent public criticisms

by Stephen Cole, Leonard Rubin and Jonathan R. Cole

Science Foundation has played a
major role in the expenditure of
public money for the support of science
in the U.S. Currently the NSF accounts
for about 20 percent of the funds distrib-
uted by the Federal Government for ba-
sic scientific research and more than 30
percent of the Federal funds allocated
for such rescarch at universities. The
NSF award. its grants on the basis of
a decision-making process commonly
known as peer review. The term is de-
rived from the fact that the Government
oflicials responsible for deciding which
investigators receive grants rely on the
cvaluations of other investigators in the
same discipline. .
Inrecent years the peer-review system
‘has been attacked for a variety of rea-
sons by certain members of both the sci-
entific community and the Congress.
Hearings on the alleged incquities of the
peer-review system were held two years
ago by a subcommittee of the House
Comnmitiee on Scien¢e and Technology.
In an cflort to assess the validity of the
public criticisms of the peer-review sys-
temraised in the Congressional hearings
and elscwhere we have been engaged for
more than a year in a sociological study
of the operation of the peer-review sys-
tem at the NSF. This study, which is
- being conducted for the National Acad-
emy of Sciences, is supported by grants
from the NSF; we have nonetheless had
complcte autonomy from the NSF in
conducting our rescarch. Our results to
date have yielded little evidence in sup-
port of the main criticisms that have
been made of the peer-review system.
On the contrary, we have tentatively

For more than 25 years the National

concluded that the NSF peer-review sys-
tem is in general an equitable arrange-
ment that distributes the limited funds
available for basic research primarily
on the basis of the perceived quality of
the applicant's proposal. In particular,
we find that the NSF does not discrimi-
nate systematically against noneminent
scientists in the ways that some critics
have charged. This is not to say, of
course, that there are not errors in indi-
vidual cases. .

How does the NSF peer-review sys-
tem work? To begin with, a scien-
tist who wants to obtain NSF funds pre-
pares a written proposal describing his
past research, his qualifications and the
new research he intends to do if he re-
ceives funds from the NSF. This pro-
posal is usually submitted to the NSF
through the scientist's institution, in
most cases a university.

The staff of the NSF is divided into
approximately 80 program areas corre-
sponding to the various scientific disci-
plines and subdisciplines. (The chemis-
try section, for example, is divided into
eight different programs.) When a re-
search’proposal comes to the NSF, it is
assigned to the appropriate program
and is thereaflter handled by an empioy-
ee of the NSF called the program dircc-
tor. On receiving a proposal the pro-
gram director generally looks it over to
determine its specific subject area. He
then selects a number of reviewers who
are sent the proposal by mail. The re-
viewers arc asked to rate the proposal as
being excellent, very good, good. fair
or poor and in support of their rating
10 present written comments evaluating

CERRIRS
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the proposal. In some programs an indc
pendent evaluation of the proposal i
also made by a panel of scientists wh-
meet with the program director thre.
times a year in Washington.

The NSF explicitly states to its rc
viewers the criteria that should be ay.
plied in evaluating the proposals. Th
main criteria are (1) the significance ¢
the scientific investigation described i
the proposal, (2) the ability of the appl
cant to carry out the proposed researc’
and (3) the capacity of the applicant’
institution to support the type of rc¢
search in question. Where all these fac
tors arc roughly equal. another set ¢
criteria, including the geographic loc:
tion of the applicant’s institution, ma
be considered. Heavy emphasis
placed on the quality of the work dc
scribed in the proposal and on the pa:
research performance of the applicant

The most fundamental criticis:
made of the NSF peer-review system ;
that it leads to inequitable decision
Critics charge that scientists who ar
most capable of advancing science ar
sometimes denied grants and that scie:
tists who are doing less significant wor
are given grants. Former Representatiy
John B. Conlan of Arizona. for exan
ple. asserted at the Congressional hea.
ings that peer review is essentially o
elitist system run primarily for the ben.
fit of a clique of eminent “old boys.” Hl
said: “1 know from studying materi.
provided to me by the NSF that thisis:.
‘old boy's system’ where program ma:
agers rely on trusted friends in the ac.
demic community to review their pr.
posals. These [riends recommend the
fricnds as reviewers.... It is an ince

.
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tucis ‘Cuddy system’ thai frequently
stifles new ideas and scientific break-
throughs, while carving up the multimil-
Ion-dollar Federal research and-educa-
tion pie in 2 monopoly game of grants-
riagship.”

Britics in and out of Congress main-
taifi that the main organizational condi-
tion that gives rise to this unfair distribu.
tion of support is the extraordinary

puwer iu tiie hands of the program di-
rectors 1o decide who should get funds.
The program dircctor is alieged to be at
the center of the old-boy network in
which reviewers favorably evaluate the
proposals of their friends, eminent sci-
entists favorably review the proposals
of other cminent scientists and funds
are denied to scientists who are not part
of the exclusive old-boy system.

Further ubuse is said to be posaibdle
because the reviews received by the pro-
gram director ure only advisory, lcaving
him [ree to ignore them, and becausc the
program dircctor can predetermine the
outcome by sclecting a biased group of
reviewers. The critics argue that knowl.
¢dgeable program directors deliberately
select reviewers who will be either hard
or casy on a particular proposal. Even if

A
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STATISTICAL ANALYSIS of 3,769 peer-review rotings given by
sarious malt nvlewen to 1,200 opplicants for basicoresearch prants
from the Notionat Science Foundatlon In the fiscal year 1975 was
almed ot testing the “old boy™ hypothesis, which holds that the pro-
posnls of eminent scientists are apt to be rated more favorably by em.
inent reviewers than by other reviewers. The ntings in the 10 differ.
wvent progeam areas studied were fint converted into standard scores
in the foltuwlng niannert Within cach field the mean rutlng was set at
2ero, and the raling reccived by on applicout was then expressed in
terms of the correponding number of standard devintions above or
briow the mean rating. A high number meuns a comparatively favor.
able rating, and vice versa. Both the upplicants and the reviewers were
separately clnwsified according to the prestige of their current acas

demic department, as dﬁermlned' in #n Independent survey. Thus (he

“entry In the upper Jeft-hand corner of the table sipnities that there

were 83 reviews by reviewers In hiph-ranked departments of propos-
als submitted Ly applicants from bigh-ranked departments; on the
average these reviews yielded ratings that were .05 of a standard devi-
ation above the mean, Since it appears thot proposals from appli.
cants in bigh-ronked departments nre actunlly rated lower by reviews
ers from high-ranked departments thon by reviewers from lower-
ranked departnients, in this sample at Ienst the data ofter no support
for the old-boy hypethesis. The anslysls does show that applicants
from high-ranked departments-are slightly more likely to receive fa
vorable ratings than are those from unranked departments, but there
s no cvidence thal this outcome Is the result of inequitable teeatment.

.
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NSF PROGRAM DIRECTORS appear to rely besvily on the evatuations of the peer review.
ers in deciding whether or nol a research proposal is to be funded. As the chart at left shows,
among the 382 upplicants who received comparatively higb ratings from the mall reveiwers 92
percent were awarded grants, whereas among the 390 receiving low mean ratings only 10 per-
cent recelved grants. Similarly, as the chart ut right shows, umong those proposals that received
compnratively high ratings from an independent panel of peer reviewers 834 percent were fund.
e, whereas among those that reccived low panel ratings only 12 percent were funded, Evident-
)y peer-review ratings are the most important determinani of the program director’s decision.

the program director feels compelled
by the reviews to support a proposal he
dislikes, he can cffectively stifle the re-
scarch by reducing the size of the bud-
get. The program direcior can sup-
posedly do so because there are no efec-
tive checks on his power either inside or
outside the NSF. In short, there is no
appeals system to challenge the deci-
sions made by the program director.

Critics assert further that the NSF
cloaks its activities in secrecy in order to
protect the old-boy system, refusing to
aliow Congressmen or others to see ver-
batim reviews or to learn the names of
the reviewers of particular proposals.
This protective shield of confidentiality
cnables the old-boy system to function
unchecked and prevents effective over-
sight of the NSF by Congress. The ulti-
mate conscquence is that the peer-re-
view system actually stifles innovative
research, since the eminent scientists
who serve as reviewers are likely 1o re.
ject idcas that difier from their own,

In our study of the peer-review system
we decided to limit ourselves at first to
an cxamination of how peer review
works in just those NSF programs re-
sponsible for the funding of basic re-
search. We have not studied peer review
in the NSF's applied-research programs
or in its educational programs. Fur-
thermore, we chose a sample of only 10
basic-rescarch programs for detailed
fludy: algebra, anthropology, biochem-
istry. chemical dynamics. ecology. eco-
nomics, fluid dynamics. geophysics,
metcorology and solid-state physics. Be-
cause our intensive analysis included
only about an eighth of the NSF's basic-
rescarch progrums our results may not
b.c generalizable for the entire organiza.
tion. We are currently conducting fol-
low.up studics of other programs.

Our investigation has combined both
qualitative and quantitative sociological

techniques. We began by conducting 70
in-depth interviews with scientists in-
volved at all levels of the peer-review
system, including program directors,
former progrom directors, mail review-
ers, review-panel members and supervi-
sory-level NSF officials. We also scruti-
nized more than 250 specific research
proposals, read all of the pecr-review
comments on those proposals and cx-
amined all of the correspondence be-
tween the applicant and the program di-
rector. In some cases in which our analy-
sis of the applications raised specific
questions about how the peer-review
system worked in that particular situa-
tion we went back and reinterviewed pro-
gram directors with the files in hand.

In addition. we conducted a quantita-
tive analysis of 1,200 applicants to the
NSF in the fiscal year 1975, (Roughly
halfl of the applicants were ultimately
awarded grants.) The purpose of the
quantitative study was to identify those
characteristics that were corrclated with
the receipt of a grant from the NSF.
Were Rcpresentative Conlan and the
other critics of peer review correct in
their asscrtion that cminent scientists
have a great advantage in the competi-
tion for funds and that less eminent sci-
entists, particularly younger ones, are at
a serious disadvantage? We shall try to
answer this question by summarizing
below some of the results obtained so
far in our study.

One of the main charges of the critics
|is that the NSF program director
can predetermine the outcome of the
peer-review process by sending a pro-
posal to scientists who he knows in ad-
vance arc biased either in favor of the
proposal or against it. We shall call this
view the old-boy hypothesis. Presum-
ably the proposals of eminent scicatists
wha sare members of the old-boy nct-

work are senl (0 oilwer eminent scienugty -

who give their eminent colleague a fa. .

vorablc evaluation. In return, of course,

o,

the reviewers cxpect reciprocity when .-,

“ their proposals arc seat to other mem..
" bers of the old-boy club. Equally impor-

tant, the proposals of less eminent scien-
tists, who are not part of the network,
are sent to scientists who will give them
Jower evaluations than they deserve. Al-
though we have no diréct evidence that
the program directors either do’or do
not select reviewers with a certain out-
come in mind, we can see if the out-
comes arc consistent with the old-boy
hypothesis. Arc the proposals of emi.
nent scientists actually rated more {a.
vorably by eminent reviewers than by
other reviewers?

To test this hypothesis we classified
both the applicants and the reviewers
according to the prestige of their current
academic department, as determined by
a survey conducted in 1969 by the
American Council on Education. The
ratings given to the applicants by the
reviewers in the 10 programs we studied

were standardized separately before be. .

ing combined into one large tabie [see
illustration on preceding page}. For exam-
ple, there were a total of 83 cases in
which an applicant from a high-ranked
department had his proposal reviewed
by someone who was also from a high-
ranked department. The number associ-
ated with this particular applicant.re-
viewer pair (+.05) indicates the average
rating (in standardized units) given by
high-ranked reviewers to proposals
from high-ranked applicants. The high-
er the number, the higher the rating.

In general we found that applicants
from high-ranked departments received
slightly better reviews of their proposals
than applicants from medium-ranked
and low-ranked departments. Further-
more, it appeared that high-ranked re-
viewers tend 10 be slightly more lenient
with proposals than low-ranked review-
ers are. These results. in and of them-
selves, cannot be interpreted as offering
support for the old-boy hypothesis. For
example, the fact that eminent scientists
tend to get higher ratings could simply
be a result of the higher quality of their
proposals or of the belicf on the part of
the reviewers that the eminent scientists
are in fact betier able to carry out the
proposed research.

In order 10 explore the matter more
dceply. we next conducted a statistical
analysis of variance that compared the
observed mcan rating for each appli-
cant-reviewer pair with the expected
mean rating, assuming no bias. The re-
sults of this analysis indicated that in
general reviewers from high-ranked de-
partmexts were not disproportionately
favoring proposals from applicants in
similarly high-ranked departments. We
conducted this analysis sepurately for
euach »of the 10 programs. In only one



a ,ﬂrogtn'm were reviewers at high.ranked
lepartments  detectably more lenient
oward the proposals of their collcagues
st simitarly high-ranked departments.

Another statistical analysi. of vari-

wnce tested the reviewers' bias in terms
of geographic location and of the rela-
iive eminence of the reviewer and the
wpplicant. It showed no significant ten-
lency for scientists in one part of the
country to favor proposals from col-
:sagucs in their own region or for emi.
nent scientists to favor the proposals of
cminent scientists over the proposals of
:ess eminent scientists. Thus even if it
were true that the program directors at
the NSF were attempting to manipulate
the outcome of the peer-review process
by their selection of reviewers (and our
qualitative findings indicate that it is un-
likely). the quantitative data suggest
that they have not been successful.

One reason it is difficult to test the
validity of the old-boy hypothesis is the
absence of conceptual clarity in the
charge. What is referred to by the old-
boy label? There are at least three possi-
bilities. The term could refer to investi-
gators with a common view of their field
who will only appraise favorably work
that is done by people with similar
views. It could refer to networks of
friendships: scientists who know one an-
other, who “grew up” together or at-
tended the same schools and who tend to
fraternize and also to favor one anoth-
er's proposals. It could refer to social
position: scientists at a given level of

. ecminence might tend to favor the pro-
posals of others who are similarly situat-
ed in the hierarchy of science, even if
they have no personal contact with
them. Critics of the peer-review sysiem
never specify clearly which form of old-
boyism is undermining the peer-review
system. The data reported here allow us
to cxamine the assertion that persons of
similar rank, similar inteliectual back-
ground and similar repute favor one an-
other's proposals, but we do not have in
hand data for examining forms of old-
boyism that may be connected with
fricndship patterns.

How do the characteristics of the ap-
plicants affect the peer-review rat-
ings they receive? Critics of the peer-re-
view system say that regardless of the
quality of proposals eminent scientists
cnjoy an advantage over thosc who are

CHARACTERISTICS of successful appli-
cants for NSF grants in 1975 are summorized
In these bar charts. Among the characteristics
tepresented here are rank of Ph.D.-granting
@cpartment (iup), rank of current deportment
Gecond frum tip), number of scientific pa-
pers publivhed between 1968 and 1974 (mid-
dle), number ot citations to work publivhed
Letween 1965 and 1974 (\wwond from bottom)
and to work published buefore 1968 (bortom).
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OTHER CHARACTERISTICS of successful applicants for grants in 1975 are represented in
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demic department (10p right), scademic rank (botiom feft) and prolessional age (botiom right).

not eminent. In the final analysis, these
critics contend. the peer-review system
results primarily in eminent scientists at
high-runked departments having an un-
fair advantage in grant approval over
" less eminent scientists at lower-ranked
departments. To test this “rich get rich-
cr” hypothesis we combined the appli-
cants from all 10 programs into one
large standardized sample. The 1,200
applicants in the sample were character-
ized bty iune variables that established
their staius in the social system of sci-
ence. Each of these characteristics was
then tested separately to see il it provid-
¢d cvidence in support of the rich-get-
richer hypothesis. ) ‘
For exumple, we characterized the ap-
plicants according to the gradiate de-
partments (rom which they obtained
their doctoral degree to sce if scientists
that come from prestigious Ph.D.-grant-
ing departments tend to get higher rat-
ings than those who come from less
prestigious depariments. The applicants
were also classified according to their
current academic departments in order
to test the assertion that applicants in
high-ranked departments have an unde-
scrved advantage over applicants in
low-ranked departments. We classified
the applicants according to their current
academic rank in order to.sce if assistant
prolessors are any less likely to receive
grants than assaciate professors or full
professors. In addition we chassified alf
the applicants sccording to their pro-

fessional age, their published scientific
works, the number of citations of their
published works and whether or not
they had received NSF funds in the past.

The rich-get-richer hypothesis would
suggest the existence of strong correla-
tions between all of these variables and

the ratings the applicants rcceived on-

their proposals. There arc, indced. rea-
sons other than old-boyism for this ex-

-pectation. For one thing scientists who

in the past had done research that other
scientists had valued highly could rea-
sonably be expected to write proposals
that would be more likely to be rated
highly. Morcover, since the NSF explic-
itly instructs revicwers to regard past

performance as one of the major criteria

in dctermining a rating, reviewers could
be expected to give higher ratings to sci-
entists with a supcerior “track record.”
The data. however, provide little sup-
port for the rich-get-richer hypothesis.
Our results show only weak or moderate
correlations between cach of the nine
“social stratification™ variables and the
ratings received on proposals. The most
highly corrclated variable was the num-
ber of citations in the 1975 Science Cita-
tlon Index of work published between
1965 and 1974. Even this rough mea.-
sure of the significance of recently pub.
lished work is not correlated very
strongly with the ratings. explaining
only 6 percent of the variance in the rat.
ings. ‘The correlations between the other
variables and the ratings are all surpris-

-

ingly low, explaining oniy an additiona} * A

5 percent of the variance in the tatingy,
In the end 89 percent of the ¢bierved
variance in the ratings is lcft upex.
plained by the nine variables.

These results ran so counter to our
expcctations that at first we suspected
they might have been caused by some
methodological crror. A thorough re.
view of our corrclation and regression
procedurces, however, left the results in.
tact. In fact, the validity of our findings
has been corroborated by a recent study
conducted by members of the NSFs
own chemistry section. Their indepen.
dent analysis yielded results that were
virtually identical with our own. it is
difficult to avoid the conclusion that
there is no substantial correlation be.
tween peer-review ratings received by-
applicants for NSF grants and statistical
indicators of their professional status or
past scientific performance. Scientists
whose published work is frequently cit.
ed were only slighdy more likcly to re-
ceive favorable ratings than scientists
with only a few citations or none.

It still appeared possible, however,
that the weak correlations we ob-
served could have resulted from a lack
of agrcement among the reviewers. For
example, if an applicant with a large
number of citations of his work received
veryfavorableratingsfromsomereview.
crs and very unfavorable ones from oth-
ers, that could account for a weak or
noncxistent correlation between cita-
tions and ratings. How much agreement
was there among the various reviewers
of a given research proposal?

To answer this question we first deter-
mined the mean standard deviation of
the reviewers' ratings, a quantity that
can be taken as an approximation of the
degree of agrecement in 2 given field.
This number varied from 2 low level of
31 in algebra to a high level of .69 in
ecology and meteorology. (A low mean
standard deviation corresponds to a
high degree of consensus, and vice ver-
sa.) This approach could itsclf be
flawed. howgver, if one were to fail to
take into account the mecan rating of the
reviewers in cach field. Clearly if there is
a general tendency in 8 field to resirict
the range of evaluations to ¢ither high or
low scores, there would be less chance
for variations in the ratings. We there-
forc relicd on a statistic called the coeffi-
cient of variation, which is simply the
mean peer-revicw rating divided by the
mcan standard deviation. In general we
found that therc was a good deal of
agrecment among the mail reviewers in
alt 10 ficlds and litule systemalic varia-
tion among the ficlds. The cocflicient of
variation ranged from a low of .13 in
economics to a high of .30 in ecology.

To test further the notion that the
weak correlations we observed resulied
from a lack of agreement amaong the re-




** vidwers, we caumined the coirelations

between the mean rating reccived by a
proposal and several characteristics of
the applicant. If the weak corrclations
had resulted from a lack of agreement
among the reviewers, the arsociations
between mean ratings and individual

" characteristics would be substantially
higher. since mean scores are almost in-
variably more strongly correlated with
any given variable than are individual
scores. When the mean rating was used
as the dependent variable in a statistical
regression analysis, we obtained results
similar to those obtained in our original
analysis. The highest correlation was
found between citations of recent work
and the mean rating, followed by the
correlation between past funding histo-
ry and the mean rating. Although this
method of snalysis had the effect of in-
creasing the amount of variance ex-
plained by the characteristics of the ap-
plicants from 11 percent to 16 percent,
the great bulk of the observed variance
in the ratings remained unexplained.
The new analysis supported the conclu-
sion that the weak correlations observed
were not a result of a lack of agreement
among reviewers,

In short, these data suggest that the
mail reviewers are not strongly influ-
enced by the professional status of an
applicant in evaluating a proposal. On
the contrary, they appear to be much
more likely to be influenced by their per-
ception of the quality of the research
proposed. One crucial question re-

mainud: 135w is the program directe:'s
funding decision related to the review-
ers’ ratings on the one hand and to the
characteristics of the applicants on the
other?

Critics of the peer-review system con-
tend in effect that the decisions of the
NSF program directors depend more on
who you are than on what you propose
to do. So far our data have tcnded to
refute this version of the old-boy hy-
pothesis. Before this refutation can be
established conclusively, however, we
must establish that the peer-review rat-
ings are the single most important deter-
minant of the program director’s fund-
ing decision and that the characteristics
of the applicants have littie independent
effect on the outcome.

he NSF states clearly that the re-

views by either the mail reviewers
or the panel members are advisory and
the program director has the final re-
sponsibility for deciding whether or not
& proposal is to be funded. Our data
show that the program directors in fact
rely very heavily on the evaluations of
the peer reviewers. For example, among
those applicants who received compara-
tively high mean ratings from the mail
reviewers 92 percent were awarded
grants, whereas among those receiving
low mean ratings only 10 percent got
grants. Among the group who received
mean ratings in the middle ranges about
half were awarded grants. Similarly,
among those applicants who received

MEDIUM RATINGS
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comparatively high panel ratinge 84
percent were funded, and among those
who received low panel ratings only 12
percent were funded [see illustration on
page 36).

What types of scientists were success-
ful in receiving grants from the NSF in
19757 Of those applicants who obtained
their degrees from the highest-ranked
graduate departments 62 percent were
awarded grants, compared to 38 per-
cent of those who were graduated from
the lowest-ranked departments. Simi-
larly, 74 percent of the applicants cur-
rently employed in the highest-ranked
departments were funded. compared
with 38 percent currently in either un-
ranked departments or nonacademic in-
stitutions.

Recent NSF funding history and fre-
quency of citations of recent work both
had a moderate influence on the proba-
bility of receiving a grant. Among appli-
cants receiving the most citations to re-
cently published work roughly three-
quarters were awarded NSF grants:
among those receiving the least citations
of recent work less than a third received
grants. The number of papers published
and the number of citations of work
published before 1965 were less strong-
ly associated with the receipt of a grant.
Other attributes of the applicants, such
as their professional age or their aca-
demic rank, had a minor effect on the
probability of receiving a grant.

The effect of professional age on the
probability of receiving an NSF grant is
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INDEVENDENT EFFECTS of a sclentist's past achievements on
the prohability of receiving an NSF grant nre represented in thiv chart
and the one on the next page. The applicunts were divided into three
groups: those who received compurntively high mean ratings from
mall revlewers, thoae who tecelved medium mean ratings and those

who teceived low mean ratings. Within each category the prohability
that purticular sclentists—in this case those with dillerent numbens
of citatinns of thelr recent work—wauld receive grunts was then cale
culuted. The results show that acientists whine work is trequently elt-
ed have aslight competithve ndvantage in the competition for funds
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NSF FUNDING RECORD IN PAST FIVE YEARS
SIMILAR ACCUMULATIVE ADYANTAGE s lndicated, g tbose scientists whose

proposals received medium or low peer-review ratings, for applicants who bad been funded by
the NSF in the past five years. Again, a good record nppears to produce & slight advantage.

particularly noteworthy. When we be-
gan our study many scientists indicated
that they believed it was more difficult
for younger scientists to obtain NSF
funds. Our interviews with program di-
rectors, on the other hand, revealed that
they perccived just the opposite. Be-
cause there is a commitmeént on the part
of the NSF to help young. talented sci-
entists get started, several program di-
rectors said that in the case of roughly
cqual peer reviews they would prefer to
fund younger applicants. As it happens.

the perceptions of both the applicants

and the program directors are mistaken.
The data we have gathered indicate that
professional age has almost no eflect on
cither the peer-review ratings or the final
funding decision.

Thc overall pattern of our data
suggests that scientists with an es-
tablished track record, many scientific
publications, & high frequency of cita-
tions, a record of having reccived grants
from the NSF and ties to prestigious aca-
demic departments have a higher prob-
ability of rcceiving NSF grants than
other applicants do. Nevertheless, the
granting process is actually quite open,
and there is nothing approximating a
scientific caste sysiem. Even among the
most {requently cited scientists who ap-
ply for support an appreciable number
do not receive grants, and among the
group with the fcwest citations to their
work a significant number do receive
grants. There is no ¢vidence that scien-

tists who have received grants in the’

past are guaranteed continued support,
or that those without a pust funding rce-
ord have no chance of abtaining current
NSF funding. Indeed, given the heavy

emphasis the NSF places on past per-
formance as one of the two most impor-
tant criteria in evaluating research pro-
posals, it is somewhat surprising that
measures of past scientific performance
do not show a stronger influence on the
probability of receiving a grant.

It should incidentally be noted that
the data presented here allow us to an-
swar two distinct questions. The first is:
How well do the social characteristics of
scientists and their previous record pre-
dict peer-review ratings and the proba-
bility of funding in general, that is, when
we examine the entire sample of appli-
cants? The second is; Are there substan-
tially different probabilities of receiving
high ratings or a favorable decision for
the most eminent applicants compared
with the least eminent applicants, that is.
when we compare relatively small sub-
sets of the sample? The answers can be
different depending on which of these
two questions we ask.

For the sample as 2 whole status dif-
ferences are not good predictors of rat-
ings. Consider a concrete example of
what we mean by focusing again on the
relation between the rank of an appli-
cant's current department and the final
funding decision. First recall that 53
percent of all 1,200 applicants received
NSF grants; if one had to predict wheth-
er an individual applicant had received a
grant, to predict in every case that he
had received one would make one right
on 35 percent of the applicants and
wrong on 45 percent. The question is:
How does knowledge of the rank of
an applicant’s dcpartment increase the
ability to predict whether he received a
grant? To estimate this we cxaminc cuch

of the five classifications of departmen-

1Al FROA. 1D UL LW VLRI LIEROrIes, .
where a majority dig not obtasn support,
we would guess that all applicants did
not receive grants; in the other three cat.
cgories, where a majority received sup.
port, we would do better to guess that all
reccived support. That would result in
correct predictions in 63 percent of the .
cases. When we subtract from this total
the proportion (55 percent) that we
would have guessed correctly without
any information about the individual's
departmental afliliation. we get an esti-
mate of the increase in prediclability
that results from knowledge of rank of
department: in this case an increase of 8
percent, which is not an extraordinary
increase in predictability. -
Suppose, on the other hand, we want
to know whether scientists in the high.
est-ranked departments have a better
chance of receiving NSF support than
those in unranked departments or in a .
nonacademic sctting. 1f we compare the
percentage difference between these ex- .
treme subgroups, we find a substan.
tial 36-point diflerence. In other words,
some percentage differences do appear
large in the extremes. but that does not -
mean the characterislic is a good predic- -
tor of a decision for the entire sample.
Of the variance that can be accounied
for in funding decisions, the peer-review -
rating is by far the best predictor. e

he well-documented social process

referred to by sociologists of science
as “accumulative advantage” would
lead one to expect that eminent scien.
tists have a better-than-average chance
in the competition for NSF funds. Accu-
mulative advantage in this context
means that a scientist who has been re-
warded at one stage in his career has an
enhanced probability of being rewarded
at a later stage, regardless of the quality
of his scientific work in the interim. The
concept explains in part the increasing
inequality in rewards that is observed
as an age cohort of scientists moves
through time.

According to the concept of accumu-
lative advantage, the initial social status
of a scientist influences the probability
of his obtaining a variety of forms of
recognition, including the esteem of his
colleagues, an association with centers
of excellence in the academic wotld and
the resources and facilities necessary for
productive scientific work. For exam-
ple, young scientists who are trained in
the best university science departments,
and particularly those who have been
apprenticed to leading scientists, have a
better chance than less well-placed stu-
dents of equal ability to secure first jobs
at prestigious institutions. Once estab-
lished in these positions they have a bet-
ter chance than their peers to obtain sup-
port for their rescarch. With greater
support they have an enhanced opportu-
nity for making significant scicatific dis-
coverics and publishing the results. And

~
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Fo the extent that this process works to
the advantage of scientists who are ini.
tially well placed in the social system of
scicnec it also works to the disadvantage
of their peers who are not so fortunate.

By taking the mean peer-revisw rating
received by an NSF research proposal
as a rough measure of the quality of the
proposal we attempted to determine the
indcpendent cliect of a scientist’s past
achicvements on his recciving a grant.
We first divided the applicants into three
groups: those who received compara-
tively high mean ratings. those who re-
ccived medium mean ratings and those
who received low mean ratings. Within
cach category we calculated the proba-
bility that scientists who had had differ-
ent numbers of citations of their recent
work would reccive grants. We then
considered only the group of proposals
that received the highest peer-review
ratings. Of this group 100 percent of the
quintile with the highest number of cita-
tions were awarded NSF grants. In
the Jowest quintile 77 percent received
grants. This finding leads to two conclu-
sions: (1) the mean peer-review rating is
a far more important determinant of
whether a scisntist receives a grant than
is the number of citations of his recent
work. and (2) within cach category of
mcan ratings the number of citations of
recent work has only 8 slight influence
on the probability of approval.

We next considered the cases of those
scientists whose proposals reccived low
tatings. A substantial majority of all
the proposuls in this category were de-
¢lincd. but the number of citations made

proposals that received low ratings 16
percent of the scientists with the most
citations received grants, compared with
3 percent of those who received the few-
est citations.

The foregoing data offer some limited
support for the concept of accumulative
advantage. Scientists whose recent work
has been frequently cited have a mea-
surable advantage in the competition
for current funds: this advantage is.
however, very slight. The process of
accumulative advantage is somewhat
more evident among those scientists
whose research proposals received me-
dium peer-review ratings but who had
been funded frequently by the NSF in
the past five years. Among scientists
whose proposals received medium rat-
ings. for example. 61 percent of those
who had been funded within the past
five years were awarded a current grant,
whereas only 41 percent of those who
had not received funds from the NSF
in the past five years were awarded a
current grant. Clearly a good funding
record gives rise to a slight competitive
advantage.

We also examined the independent ef-
fect of an applicant’s current academic
department on the probability of his be-
ing awarded an NSF grant. Here the sto-
ry was somewhat diffierent. The rank of
a scientist’s current department appar-
ently has almost no effect on the proba.
bility of his receiving a grant indepen-
dent of the peer-review ratings received
by the applicant’s proposal. Of the sci-
entists in the highest-ranked depart-
ments whose proposals received-com-
paratively low ratings 6 percent were

from that found among applicants in
fower-ranked depurtments. fa the com-
petition for current funds, therefore, a
scicntist's past performance as mea-
sured by citations of his work and his
recent NSF funding record does lead to
a very slight accumulative advantage,
but his acadcmic afliliation does not ap-
peur lo give him any advantage.

he results of our study of the opera-

tion of the peer-review system in the
basic-research programs of the NSF are
consistent thus far with other recent
findings in the sociology of science.
which suggest that the scientific enter-
prise is an exceedingly equitable, al-
though highly stratified. social institu-
tion in which the individuals who pro-
duce the work that is most favorably
evaluated by their colleagues receive the
fion's share of the rewards. Further stu-
dy of the equity of research-fund distri-
bution will address two basic problems
not yet considered. In the first phase of
our study we relied on the peer-review
ratings elicited by the NSF program di-
rectors as an indicator of quality and
found those ratings were strongly relat-
ed to the actual funding decision: now
we are submitting proposals to indepen-
dent review panels in order to obtain
independent appraisals of their quality.
Finally, having learned that peer-review
ratings are strong predictors of funding
decisions, we are interested in whether
or not they also are good predictors of
future scientific performance, end so we
are studying how the ratings and recent
rescarch performance compare as pre-
dictors of future research performance.
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NSFE baslc-research grant. Apparentiy current academic affiliation
does not give an applicant any competitive advantage independent of
the peer-review ratings that were veceived by his sevenrch proposal
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