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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: 


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 aggregated 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 

bedrawn 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. 
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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 increasedcompetition 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.foniialrecôns.ldératiOn process within each 

of the scientific diréctorates, with right of final review by 

the Deputy Director of the Foundation; 


o Annual publicatidno f.thé,iñesànd tinstitutional affiliations 
of all reviewers; 

o Provision to applicants of information on the basis for NSF 

actions and, when requested, verbatiii 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 Publitatioflof'the ent1reGrant 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 National Science aoard Resolutions 

dated dune 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 notyet 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 limited 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. I 


The Board's findings are summarized below: 


1. Study the Foundation's Support of Innovative Research 


o 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. 
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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. 


o University investigators accounted for over 70 percent of the 

significant advances during the past 20 years. 


o 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. 


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 establishing young scientists 

in emerging research areas(e.g., the Cellular Biology Program) 

have been successful, but indicate that case-by-case development 

is required. 


Study Foundation Funding of Research at Undergraduate Teachin 

Institutions Without Graduate Departments 


o Many members of college faculties are capable of highly productive 

research 


o The success ratio of awards to applications is about the same 

among all types ofinstitutions. 


o Additional efforts are being made to Increase the use of college 

faculties as reviewers and advisory group members. 


M
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4. Study of.th.e Extent to Whlch the Foundation Should Rely on P 

Dmnnl ,..., 

o The Board and Foundation have completed some peer system studies, 

e.g., Perceptions of.the NSF Peer Reylew Process (JIensler, 1976) 

and Revjewerand Pr&poser Siml1arity and Its Effect on Award 

Decisions (Office of Planning and Resources Management, 1976) and 

thers.are in progress. The aoard has given careful attention 

to the peer review system at a number ofits 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. 


o 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 Comunity and 

the Amount of Funds Available for Support' 


o There is a continuing problem of disparity in academic science 

between resources and claimants. 


o 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 
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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 t ort from the Research 

Science Board 1976 -- a 
se I 1- -ana lys oners 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 planning 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 Should Have Formal Procedures for Considiring 

the Appeal of Decisions tade 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. 


o NSF policy now requires that the proposer be given specific 

information regarding the basis for any adverse decision, 

including verbatim commens 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 


Collect Further Information Concernin9 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",which provides the 

research community with information regarding the reviewer 

base, and will continue to publish such a list annually. 


o The Board has established a policy of providing applicants 

reviewers' comments verbatim but will preserve the anonity 

of reviewers in order to continue to secure candid and frank 

evaluations. 


o A Foundation study of 75,000 reviews found little relationship 

between (academic) status of app1icants 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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PEER REVIEW 




I. PEER REVIEW SYSTEM 


SUBCOMMITTEE RECOMMENDATIONS AND NSB FOCUS OF ACTION 


The Subcommittee on Science, Research, and Technology recommended 

that the National 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: 


o 	 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. 


o 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 level 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 0). 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 (.fIAS) 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. All 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; 

andT5) 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.I. 


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 1.1--NSF Proposal Review Methods By Directorate 


October 1976 - September 1977 (percentages) 


STIA 


Ad Hoc Mail 


AAEO�BBS MPE RA SE��


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 

4,174 5,979 774 2,713�
8/31 /77 1,823� 546 


Average Number Of 

Reviewers per Proposal 6.5� 6.5
6.2�4.2 6.5 8.0��


AAEO = Astronomical, Atmospheric, Earth, and Ocean Sciences 

BBS = Biological, Behavioral, and Social Sciences 

MPE = Mathematical and Physical Scinces 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) membersare appointed by the Assistant 

Irector.• 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 quTified 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. In 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 1.1). 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 asthose nvolving 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." In 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 regulations). 

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 ranqe 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 


1-5 




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 Su6committee 

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 

qiven 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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The applicant may fo rmally request in writing that the 

proposal be reviewed and reconsidered by the appropriate 

assistant director. Failing satisfactory resolution, 


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 wri'tten 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 aoard intends to jnonitor Foundation progress in expanding its 

review baseand has requested .that the Foundation provide it a list 

of all reviewers usedby each djyision 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 Confidentiali 


The Subcommittee recomended that the Board: 


o 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 my 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 

confidentialityand 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 suitably 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 Iittle to no discernible relationship 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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INNOVATION 




IL_ 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 leading 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: 


50 percent 

In earth sciences�

In mathematics�


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 complcated. There was un
certainty as to what constituted innovations and what represented support. 
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Designation of ignificant innovations within each discipline was 

done by researchers actiyein.the respectiyefields. The Foundation 

staff selected this groupofscientlsts basedon recommendations from 

sources such as NSFprogram staff iieithers, editorsof 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 forassistance mailed to these individuals read as follows: 


We would like to obtain from you a listing of what you consider 

to be the most significant innovations since about 1955 in the 

field of , with 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: 


theoreti cal devel opments 

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 fiCid. 


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 11.1 illustrates the solicitation response 

and indicates the number of outside opinions 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 tho5e innovations mentioned by two 

or more experts. Table 11.1 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 ]:I.1--Innoyation Study Sample, Returns and Field 


Hathe-

Astronomy�


Earth�

Chemistry Sciences matics Total 


No. of scientists 

queried�28�30�119
30�31�


Total no. of scientists 

providing listings�16�13�17�
21�67 


Total no. of innovations 

mentioned�94�140�426
74�117�


No. of innovations men-

tioned by at least 

two scientIsts�21�17�18�
29�85 


Total no. of investiga-

tors mentioned�218�261�786
130�177�


No. of investigators 

affiliated with inno-

vations mentioned by 

at least two scientists 55��51�152
24�22�


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 rsearchers 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; "Dscovering 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 moreóf.theexpert:panelists were.specified in the history 

papers as significnt developments. By field, the Percentages were: 

astronomy (81); chemistry. (76); earth sciences (66);and mathematics (94). 


In summary, although the innovations lists cannot be considered 

definitive statements ofprogress 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. All basic research Orant 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 11.2 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 little 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 11.2--Sources of Support for Innovations Mentioned by Two or More Panelists 


Astronomy (21)*� Chemistry (17) 


Performing�Other� Other�
Founda- Institu- Indus-� Founda- Institu- Indus-

Tne14+iif4nnc�N� Hrn�tirn1�tvv�NA TflTAJ�NSF (nv't�tinn�tional�try�NA TOTAl 

7 


Government & 

FFRDC 3 5 8 1 1 


Industry 1 2 3 5 5 


Foreign 2 2 3 3 


6�22 


University 3 6 1 10 2�3 1 13 


3
TOTAL 6 12 1 2 2 23 2�8 3 


(29) (18)
Earth Sciences� Mathematics�


University 9 10 2�2 1 1 25 9�4 7�2 2 24 


Government & 

FFRDC 1 2 3 


Industry 3 3 


3 3
5 5
Foreign 

2 2 

4 7�2 5 j 274 8 38 11 9��TOTAL 10 12 2�2 


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




ri 


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 11.3 and 11.4. Table 

11.3 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 work1n 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 11.4 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 11.5 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 11.3--NSF Percentage of Federal Obligations for Basic Researèh, 

Selected Fields and Years 


All 

Earth Mathe- Four 


Astronomy Chemistry Sciences matics Fields 


Total�


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 11.4--NSF Share of InnovatIons: 1950-67, 1968-76 


Mathe-
Earth�

All Fields
Sciences rnatics�


Total�NSF Total NSF�

Astronomy Chemistry�


Total NSF Total NSF Total NSF (NSF%) 

1950 


(20)
4 -��7 13�
to 16�15 21 2��12 64���

1967 


1968. 

2 2��2 14(67)
to 5�2 8 8��6 21���


1976 


Source: NSF, Science Resources Studies, Special Tabulation 
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expectation of the §ubsequent 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 11.5--Relationship of Project Funding to InnovatiOn 


Type of Relationship 


Total No. of� Not 

Innovations Direct General Indirect�
Determined 


Astronomy�23 8��5�
7�1 


Chemistry�17 7�3
5��2�


Earth Sciences� 7�9
29 10��3�


Mathematics�18 5�7
5��1�


TOTAL�85 28��20
11�
26�


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. somewhat different picture. Table 11.6 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 11.6--Number of Investigators Affiliated with Innovations 

Supported by NSF and by Other Sources 


Numbers of Investigators 


NSF SUPPORTED INNOVATIONS 


Affiliated 

Total Investigators
ASTRONOMY�


University 33 7 

Gov't. Labs 
&FFRDC's 13 6 

Industry 6 

Foreign 

TOTAL 

5 

57 13 

CHEMISTRY 


University 12 2 


Gov't. Labs 

& FFRDC's 2 

Industry 6 

Foreign 5 

TOTAL 25 
 2 


EARTH SCIENCES 


University 35 21 


Gov't. Labs 

&FFRDC!s 4 3 


Industry 3 


Foreign 7 1 


Non-Profit 3 


TOTAL 52 25 


MATHEMATICS 

1tn1ur1fv 18 10 

Gov't. Labs 

& FFRDC'S 


Industry 


NON-NSF SUPPORTED INNOVATIONS 


Investigators Investigators 

Affiliated w/Prior v/current or 

Investigators Support Prior NSF Support 


26 8 


7 0 


6 1 


5 


44 9 39 (22/57) 


10 3 


2 


6 


5 


23 3 20 (5/25) 


14 2 


1 


3 


6 


3 


27 2 52 (27/52) 


8 4 


Foreign 

TOTAL 

4��1�3 

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 11.7 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 11.7--Number of Innovations 

Earth 


Astronomy Chemistry Sciences�All Fields
Mathematics�


Year 


1950-55 1 3 4 1 9 

1956-60 6 4 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 should 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 11,8 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 11.8--Age of Innovators (percentages) 


Earth 

Astronomy Chemistry Sciences�Total
Mathematics�


Age at Time of 

Innovati on 

23 - 28 11 10 22 15 14 

29 - 34 41 43 15 40 31 

35 - 40 20 29 28 - 20 22 

41�- 46 12 14 17 15 14 

47-52 9 4 6 5 7 

over52 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). 


•� 1 s Clothes" hypothesis.These data lend moderate support to the "Emperor
 
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 addréssés both the 

structure of scientific careers as well as the organization of scientific 

work. Table 11.9 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 (within 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 11.10 and 11.11 address this issue. 


2. NSF 75-312A, Characteristics of Doctoral Scientists and Eqineers 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 large 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; chemistry, 82/53; earth sciences, 65/45; 

mathematics, 75/59. 
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Table 11.9—Innovations by Field, and Number of Investigators per Innovation 


Nurnberof, Innovations 


Earth 
Astronomy Chemistry Sciences Mathematics Total/Percent 

No.fof 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 

11-14 




Table 11.10--Institutions From Which the Innovative Investigators 

Received Their Highest Degree 


Earth Sci.�TOTALAstron. Chem.��Math.�


Institution from which 

Highest Degree was obtalned* 


1) Harvard 4 5 1 3 13 

2)�Inst.� 7 1 4 - 12
Calif.�Of Tech. 

3) U.� 2 2 6 1 11
Calif., Berkeley 

3 - 4 114) U.�
Chicago 

1 6 1 10
ColumbIa
5� 2 

1 3 1 10
Pnnceton
6� 5 


4 - 77)N1T 2 1 

8)UCLA 2 1 1 - 4 

9) Stanford - 2 1 1 4 


10) U. ?lichigan - - - 3 3 

11) U.� - 1 1 - 2Texas 
12)YaleU. 1 - 1 - 2 

Rice 1 - 1 - 2 
H.y.u. 1 - 1 - 2 

1
Iowa 

Ohio St. 1 - -


Cornell 1 - -


U.� 1 -

- 1 
- I18)Ouke 1 - -
- ITerm. 1
l) U.�� - -

.1
Wisconsin -U.� - 1 

* 1 - 1Illinois.
U.�

U. Miami - - 1 1 

- 1Michigan State U. 1 - -


George Washington - - - 1 

-
Central Union College - - 1 


San Diego State - 1 - 1 

Polytech.�
Inst. Brooklyn I - 1 

- 123) Johns Hopkins 1 - -

107
TOTAL (U.S.)�
 

5 32
Foreign Institutions�17 4��6��
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11.11--Affiliation of Investigators at Time of Innovation 

Astron. Chem. Earth Sd. Math. TOTAL 


ACADEMIC 


Calif.�Inst.�of Tech. 10 - 5 - 15 
2) Princeton 9 - 2 2 13 
3) Columbia U. - 2 9 2 13 

1)�


4) U.� 2 5 1 4 12
Calif., Berkeley 

5) U.� 1 5 3 9
Chicago -
6)MIT 4 - 2 2 8 
7)� 4 - 1 5Cornell -
8)�Scripps�Inst.� - 5 5of Ocean. -
9)� . 2 - 1 3Harvard U. -
10) U.�� - - 2 3Illinois 1 
11) U.� 2 - - 2Calif., Santa Cru2 -
12) U.��Calif.. San Diego - 2 - 2 
13) Woods Hole Ocean.�Inst - - 2 2 
14)� Ill.� - 1 - -

-

1Southern�U. 
15) Stanford - - - 1 1 
16) U.��Hawaii 

17) U.��
Wisconsin 

18) U. Washington, Seattle 


GOVT. & FFROCs 
1)NRAO S -
2) Brookhaven 3 - -

3)� - 3
U.S.G.S. Menlo Park -
4) Livermore Radiation Lab. 2 - - - 2 
5)�LIncoln Lab. 2 - - - 2 
6) Oak Ridge Lab. - 2 - - 2 
7) Naval Research Lab. 1 - - -
8)�Electronics Lab.�:Iaval� . - .�- 1 - 1 

IWOUSTRY 


1)�Tele.� 2 2 -�. - 4Bell�Labs. 

Inc. 3 - 3 

3) Varian Asso. - 2 - - 2 
Texas�Inc. -

2) Amer.�Sd.�& Engineer.� - -

Instru.� 1 

Hughes Res.�
Lab. 


6)ISM 

GeophysIcal Service Inc. - - 1 -

Petty Geophysical� - I
Inc. -

Shell Development Co. - - .�I 


NON-PROF IT 
1) GeophysIcal Lab., Carnegie - - 3 -. 3 

FORE IG 

. S 5 4 7 21
1)�Institutions�
All�
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Table 11,10 shows that niost U1S. investigators (79 percent) received 

their highest degree from one of 10 U.S. universities. Table 11.11 

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 11.11 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 FFDC'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 11.5, 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. 3 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 studiesis shown on pp. 1121-26. 
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NSF Funding of Investigators Subsequent to Their Innovation 

Majorreséarch' innovations set off a wave of additional research 
withina 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 siqnifi,cant innovation, the percentage of 
Foundation funding of these investiaators was: astnnnmy (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'revlew process to accept and foster new ideas. 

The Foundation's recordof 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 ofan "innovative" proposal. None of the 

innovations identified der'ived from outside the mainstream of scientific 

thought, including the revolutionary advances identified in earth, sciences 

and astronomy. 4 


Cnnt1 iisi on 

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 

little 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 mcans through which the Foundation fosters scientific 

Innovation. 


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 viability 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 limit detailed examination of innovations to only 

those mentioned by two or. more expert panelists raised questions about 

the validity of a sample 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 11.12. The 20-percent figure for all items chosen 

by two or more panelists is consistent across all four fields--frcmn 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 possible number of choices 

(i.e., a mention by all of the responding 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, limited 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 pri nãi pal investigators). 
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Table 11.1 a--Distribution of Choices by Expert Panelists for Major 

Innovations, All Fields 


Number of Innovations 


Frequency of All�Fields Astron. Chem. • Earth Sci. Math. 
Mentions (16)* (13) (21) (17) 

12 2 2 
11 2 1 1 
10 
9 1 1 
8 3 3 
7 1 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 • 111 99 

TOTAL�425�94�74�140�117 


*Figures in parentheses indicate the number of panelists, thus representing the 

highest possible frequency of choices in a given discipline. 
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All of the 57 single-mention items in chemistry were examined by 9 

program officers in the NSF Chemistry Division. They were asked to select 

those 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 wer 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 11.7 above and II.7A below) 

and of chemical investigators who made their major discoveries after age 40 

(tables 11.8 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 gvides 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 

article to determine the exact kind of use the citationindicates. For 

this reason, there has been much discussion and disagreement as to the 

interpretation of citation studies. 5 . However, studies have 9hown two 

general features of citation patterns: 


Moravcsik, M. J. and Murugesan, P., "Some Results onthe Function 

and Quality of Citations,'t'Social Studies of Science .5, 1975, pp. 86-9g. 


5�
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Table II.2A--Perf6rmers of Major Innovations in Chemistry (Once-Mentioned) 

and Their Sources of Support 


Performing�Other Founda- Institu-�Indus-���Not 

Institutions�NSF�Gov't. tion��try�tional�Applicable TOTAL 


University�9 16 2���2�5 34 


Govt & FFRDC�4� 4 

Industry� 8�8 

Foreign� 11 11 

TOTAL�9 20 2���2�8�16 57 




�


�

�

�

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


Total�NSF 


1950 

to� 39�6 


: 1967 


1968. 

to � 8�3 


1976 


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


Total Number 

of Innovations�Direct�Indirect�
General�Not Determined 


•47� 8�17�3�19* 


*No'te : . Eleven 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 NON-NSF SUPPORTED INNOV. 


Total Number of # Affiliated # Affiliated 

Investi gators Investi gators Investi gators 


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� 11 


1956-60� 11 


1961-65� 13 


1966-70� 5 


1971-76� 7 


Table II.8A--Age At Time Of Innovation 


Age of Innovator� Percentage 


23-28� 15 


29-34� 31 


35-40� 25 


41 - 46� 17 


47-52� 6 


Over52� 6 
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Table II.lO.A--Institutiofl From Which Highest Degree Was Obtained 

Calif. Inst. of Tech 

Harvard 

UCLA 

MIT 

U. Ill. 
Stanford 

U. Calif., Berkeley 

U. Michigan 
U. Maryland 

Columbia U. 

U. Chicago 

U. North Carolina 

U. Pittsburgh 


14 U. Wisconsin 

15 U. Iowa 


Johns Hopkins

U. Oklahoma 


13) Northwestern 

19)' McGill U.

20) U. Chicago 


Foreign Institutions�13 


50 
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0 

o Most citations are positive as opposed to negative (refuting) 

or perfunctory uses.(e,g.,indicating useof some prior data 

or some technique, etci; 


o As the number of citations to a cited article increases over 

time the article is most likely 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 wihout 

examination of each article. But statistically, the likelihood is very 

great that a highly cited article will denote a significant innovation. 


Onean conclude that articles that have received large numbers 

of citations have been useful to scientific communities. Accordingly, 

the following generalizations can be made: 


o All innovative research is highly utilized by the 

scientific community and usually highly cited 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 ana3ysis 

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 cited 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) untilone-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 .sponsorwhere:ldentified in the paper. It thus became 

possible to estimate:the proportions ofcitationutilizatin of the 1972 

chemistry literature that was sponsoredby different funding sources, 

and, In addition, to estimate the proportions of the highly, moderately 

highly, moderately, and low-cited papers sponsored by the different 

funding sources. 


Results. Figure 11.1 shows the percentage-support by various 

sponsorsof citations in chemistry articles (1973-76) to chemistry 

articles published in 1972. FIgure 11.2 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.aboüt 27 percent of the highly cited articles. For all-science
citing-chemistry, NSF sponsorship 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.biochemlstry, NIH is the dominant Federal sponsor. 


Measurement of..sponsorahip 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 

diffrent missions yis-a-vis chemistry. In using such measures it is 

important to delineate the citing 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 cPeuiistry (industrial 

chemical 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 11.3 is a key to 

the abbreviations used in the tables. 
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Figure 11.1 .--Fraction of Utilization Versus Quartile for, electeu 

Support Sources -- Citing Set Chemistry 
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Figure II.2.--Fraction of Utilization Versus Quartile for Selected Support 

Sources -- Citing Set All of Sciece 
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Key to Abbreviations Tables 11.13-16 


Institutional Type: 


A = academic instjtutions 


G = government labs, FFRDC's 


I = industry 


F = foreign institutions 


NP = nonprofitinstitutions 


NSF Other Prior Funding: 


GE = 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 available 
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Table II.13.--Histories of Major Innovations in Astronomy, 1950-1976 


Institutional 

Title of Innovation Investigator(s) Date 

Iustitutinal 
Ahlijiation of 
Investigator A 

Type 

C I 
Sources of Support 

F���NP for innovatior. 

Theory of Stellar 
Evolution 

Hoyle,�F. 
Schwarzschild, N. 

1955 Princeton x 
x 

OUR 

N Sandage, A. 1957 Caltech x Hale Obs. 

Stellar Nucleosynthes.is Burbidge, E.M. 
Burbidge, C. 
Fowler, W.A. 
Hoyle, Fred 

1957 Caltech x 
x 
x 
* 

OUR & MC 

Existence of Solar Wind Parker, E. 1957 U. Chicago, 
E. Fermi Inst. 

x OSR; Geophysical 
Res. Directorate, 
Air Force 

Spiral Nature of Our 
—�Galaxy 
'-I 

Kerr, F.J. 
Oort, J.H. 
Westerhout, G. 

1958 CSIRO, Austral. 
State U. Lelden 

X 

x 
a 

Dutch Found, for 
Radio Astronomy 

(A) 

D�6. Henyey Method BoM. K.A. 
Henyey, L.G. 
LeLevier. R.E. 

1959 U. Ca., Berkeley 

Livermore Lab. 

x 
a 

a 

MC; OSR, Air 
Force 

Levee, R.D. 
WHets, L. U. Washington a 

a 

Discovery of Quasars 
8 Large .Redshlfts 

Greenstein. J. 
Matthews, T.A. 
Sandage. A.R. 
SctIdt,'K. 

1960-
63 

CaItech a 
X 

x 
* 

OUR 

Infrared Detector & Low, Frank J. 1961 Texas Instrum. a Texas Instru.. 
Telescope: HgGe 
Boloseter 

;iSr Other�
Relationship of

Prior runding�
Funding to Innow 


GF 6��6 I NA
0 


* 
* 

a 


a 


* 

a 


* 

a * 

z 



 

Table 1I13--cont'd 

title of Innovation Investi.jator(s) Date 

In.titutio,sal 
Aluilialkin of 
lnvcstisjator 

liistituIional 
111.0 

A 6�I�F�lIP 
Sow ces of !.upIorI 

for iiinoation 

llJ Other�Relationship of 
Prior fund jag�Fundlnj to lane, 

61.6� OGIIIA 

5-tay Sources: (etra-
solar, Galactic, (xtrC. 

Kossi. R.R. 
Giacconi, N. 

1962 NIt 
Amer. Sd. & 

a 
* 

Air force CarIdgs 
Research Lab. 

* 
galactic Gursy. H. Cog. Inc. a 

PaollnI. F.R. 

Frien, H. 1964 U.S. Naval las. * NIL (ONA I NSF) a I 
Lab. 

Detection of Interstellar 
OH Molecute 

Barrett. A.H. 
Meets, N.L. 

1963 PIll 
LinColn Lab. 

a 
a 

U.S. Army; KIM; 
OUR $ 054, AIr 

a 

Welnreb. S. X Force a�a 

I?. Density Wave Theory Lia, C.C. 1964 MIT * NSF I 
$bu.F. I 

Microwave Iackroumd Penzias. A. 1965 1.11 Labs. a Nail Labs. I 
Nadlatlo. (3a ) Wilson. R.W. a 

Very Long Basal I.. 
Iaterf.rtry 

Bare. C. 
dart. I.S. 
Lelieruan. K. 

1961 11A4 a
* 
IT 

ww (1*51 
ARPA (000 a 

* 

Cohen. N.H. Cornell a 
Jauncey. D.L. a 

IS. Discovery of Pulsars - Pacini, F. 3967 Cornell a NSF * 
Rotating BeutrOs Stars 

II.� • Gold, T. 1961 Cornell a OUR a 
� 

a 

17.�• Bell. J. 1968 Hul lard Des., * Science Research a 
llewtsh, A. Lisjlanil a Council. (agland 



Table II.13--conttd (3) 

InstitutIonal� U'J Olner�Relationship of 
liriti lutionel Type� Prior FufldIC9�FvudiN9 to INIO. 
AIIiliation of Sources of Supiort 

hu, or Innovation Investigator(s) Date Iuwestigator A 6 I F NP�for ln.ovatioa� GE.�6� 0 6 I NA 

Solar Neutrinos Bahcall. J.N. 1968 Cltech S� ObR� a� a 
Harmer, D.S. Brookhaven *� Brookhaven; 
Davis. R. Jr. a� atend -Mieing Co. 
Nofinen, K. C. a 

Discovery or Inter Buhi, D. 1969 NRAO a 
stellar Organic Mole Snyder. L.E. a� £ 
cules 

. Ultraviolet Spectra Drake. J.F. 1912 Princeton a� NASA� a 
setry from Copernicus Dressier, K. a 
Satellite JenkIns. (.1. *� a 

Morton. D.C. a� S 
Rogerson. J.D. a 
Spitzer. L. Jr. a� a 
York, O.G. N 

21. Lick Observatory I.a9e Robinson. L.I. 1912 U. Ca. Santa a� NSF� *� * 
Dissector keener E.J. Cruz. N� I 

no 




�

Table JI.14.--Histories of Major Innovations in ChemIstry, 1950-1976 


-

Title of Innovation InvcsLi9ator(S) Date 

Institutional 
A Ifiliation of 
investigator 

l,,tILutio1 
Iypt 

A�6�1�F�NP 
Sources of Support 

for Innovation 

I. Nuclear Magnetic 
Risonanc. 

Gutsky. H.S. 1951 U.�Illinois a ONP�aes. Corp. 

Stereoregularity 
in Polymers 

Natta. G. 
Ziegler, K. 

1955 italy 
Geramy�-

a 
a 

NA 

Crossed Molecular 
Bee. Cke.istrj 

Dali. S. 
Taylor, E. 

1955 Oak Ridge Nat'l. 
Lab, 

a 
a 

MC 

• Ilerschbach. D.R. 1962 U. Cm.. Berk*ley a MC 

S. Bernstein. R.B. 1964 U. l4isconslp a MC. Slona Fou4. 

. Katrix Isolation 
Spectroscopy 

Milligan. 0. 
PI.entel. G. 

1958 U. Ca., Berkeley a 
a 

Amer. Petrol. Inst.; 
OS*. Air Force 

1. Infrared CbiIimine-
scelice 

Cuhioai. J.K. 
Polanyl. J.C. 

1958 U. Toronto a 
a 

U. Toronto 

() 

6. Users 

• 

Schawl, A.L. 
Tosnies, C. 

Naiaan. T. 

1958 

1960 

8.11 Labs, 
Cohia U. 

Nughes Res. Lab, 

a 
a 

a 

8.11 Labs. 

HugbsS Ru. Lab. 

Reactivity of Inert Gases Bartlett, N. 1963 U. Brit. Coliabla a NA 

CtIca1 Lasers Kasper,J.V.V. 
Ptesitel • G. 

1965 U. Ci.�Bcrkeley a 
It 

0SR. Air Force, 
£astaen Kodak 
Fe111p to 
Lisper 

Woodaard-$oftnoisn Rul*s Hoffeenn, B. 
Iodaard, R.B. 

1965 Narvard U. a 
a 

NiH 

UJ Other�telatloesbip of 
Prior Funding�riop to leon, 

G1 •�C�DIIIA 

a 

a 

a 

a� a 

a 

a 

a 

-�a 

a 

a 

it 
a 



Table 11.14 -- cont'd (2) 

Title of Innovation 


Tunable Dye Laters 


Fourier Transform I 

Spectroscopy 


Picosecond Spectroscopy 


LInthlnI4te Shift Ree9ent 


U. Laser Induced Fluore
scence Internal State 

Distribution 


lnstltutioisel 

lnctstutioiial�
Type 

AuijIlation of�SOurceS of Support 


for Innovitlon
Iiwestiator�
Investi9atOl(S) Date�� A C I F II?�


IBM
1DM
Sorokin. P.�1966�


1966�
a�torus Asso.
Anderson, W.A.�Varlan Aso. 

(rest. R.R. a 


1966� a�
Bell Ida. Lobs. 


Hinckley.. C.C.�Southern 111. U.� NSF Instrseetattoi 


Renizepis. P.P.�Bell lele. Lobs. 


1969� s 

Great to S.I.U. 


x ARPA; OSa, Air Force;
Colia U.�
Tare. R.N.�1972�

NSF 


ISF Other Ralaticastp of 

Prior Fending Fwidl.ag to IAna 


06111*
61.�
6 


£ 

a 


a 


a
a��a 


I 

http:Fwidl.ag


 

Tab'e 11.15.--Flistories of Major Innovations in Earth Sciences, 950-976 

Title of ln.gjvition Investigator(s) Date 

intItutirqsel 
AIlsljjt,o0 of 
l,ivustigator 

Institulionsi 
lype 

A 6�I�F�NP 
Sources of Support 

fur limovallo. 

IF Other 
Prior Fundte 

GE�C 

ReIaItnsbIpof 
Fuediato Inso. 

P�C�1�11* 

I. Electron Microprobe 
Analyzer 

Castaing, B. 1951 U. Paris a NA * 

, 5.4th. J.V. 1965 U. Chicago a NSF; Calif. Ass. 
Corp.; WA 

a a 

1opojraphy & layering 
of Ocean Floors 

(wing. M. 
lleezcn. B. 

1952 Coliatia. 
L.t Gaol. Obs. 

a 
m 

Loist Gaol. Cbs. . a 

Carbon 14DSLing Method Libby. W.F. 1952 U. Clilcage a U. Cbicago * 

S. Nathenotical Signal Robinson. E.A. 
Treltel. S. 

1955 NIT a 
a 

Petrolens Co.(s); 
Ass. Aut.(s)' 

a 

Backus, M. 1959 Geophy. Service. 
Inc. 

* Gsoplys. Ssrv. a 

-4 

U' 

Develogeent of Solid 
Buffers 

&e Anosaly of 
Cliro.dritt Meteorites 

Dci.onstretion of Lais-
tence of Uorhbiid. Ridge 
Systao 

Lugstar, H.P. 

Reynolds. J.H. 

Neezen. 6. 

1957 

1960 

1960 

Geophys. Lab., 
Carnegie lust. 

U. Ca.. Berkeley 

Coliia. 
La.OsL Gaol. Ohs. 

& 

* 

a Geophys. Lab. 

MC 

CM; Barsu of Sbips 

a 

£ 

a 

Develont of New Nigh 
Pressure Equlgeess 

Boyd. F. 
teglSud. J.L. 

'1960 Ceophys. Lab.., 
Carnegie Inst. 

a 
a 

Gscghys. Lab. a 

II. Statruent of Theory of 
Sea-Floor Spmdlng 

OIetz. B.S. 1961 Naval Elect. Lab. a Naval Elect. Lab. a-

IT. less.�$1.11. 1962 Prineton U. a NA a a 



 

 

Tab'e II.15--cont'd (2) 

tttIc�of�In.,ovatic,n 1nvcstiaIo , (s) Dite 

Institutiunal 
Aritliation of 
LiivtsstIUitur 

institutional 
lype 

A 6�I�F�lIP 
Surcet or Support 

for Iniioatiun 

I&5E Other�WeiJUouisktp of 
Pr*orfwsdiag�fuedIop to Ismof 

Gf�6� 0�6�I�hA 

13. Statcwcnt of 1I:pory of 
Sea-Floor Spreading 

Wlsou. J.1. 1965 U. loro*Lo a NA * 

lB. Linear Magnetic Anomalies Mason. R.G. 
af.I. A.U. 

Vacquler, V. 

1961 Scripps Inst. of
Oceanngraphy 

a 
a 
a 

WI1 a 

IS. First Measuie.ent of 
Free Oscillations of 
the (erth 

Benioff, H. 
Press. F. 
Smith. S. 

1961 Caltech a 
a 
a 

051 
a 

a 

16. Coenon Reflection Depth 
Point Stacking 

Ifayne. W.V. 1962 Petty Geophys. 
(n.j. Co. 

a Petty GeopIys. 

U. Significance of Magnetic 
-.�Liieaments 

Matthews. D. 
Vine, F.J. 

1963 CarIdge U. a 
a 

DNA. CrIdge U. a 

hleirtzler, J.R. 
Pitman. U.�III 

1968 Colia U. • 
Ldeont Gaol. Ohs. 

a 
-

GIN; NSF a� a 

TIme-Scale of Geomag-
attic Polarity Revsrsal* 

Cox. A.V. 
Dalrle. G.B. 
Doell, 8.1. 

1963 U.S.G.S.. Menlo 
Park 

a 
a 
a 

U.S.G.S.. NSF 
a 

a 

Maturation of liydrocar-
bone in Petroleim 
Source Beds 

Philippi. G.T. $965 Shell Develop 
Houston 

a ShelL Develop. a 

• Tissol, 8. 1966 1.F.P., France a BA a 

Vassoevkb�N.S. 1967 State U.. Moscow a NA 

New Global Techt.onics B 
Selsaology 

hacks, B. 
Oliver. d.C. 
Sykes. L.R. 

1968 Coliatia U., 
Lamont Geol. Obs. 

a 
a 
a 

Dept. Comm.; NSF; 
Air Force Caudrldge 
Res. Lab; ABPA; NASA; 
Lnt - l.A. to Isacks 

a 
a 
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Table II.15--cont'd (3) 

Title of Innovation� 

24. 	 Concept or Ri.jid Plates 
A Independent Plate hoLlows 

25.. 

Develop..ent of lover-
- stonTheory 

Programmable Magnetic 
Field Mass Spectreneter 

Rate of Se.Floor 
Spreading by Dating 
Methods In S. 
Atlantis - JOLOCS 

Discovery - of Isotopic 
hleterogenisties in Solar 
Nebuli 

Institutional 
In5tltutlOn1�Type 
Affiliation of� Sources of Support 

lnvecttjatnr(s)�Date�Iiivcstiater�A- C I F NP�for Jiwiovatlo. 

LePichois.�X. 1968 Cokmlda U. �a ONA; USE 
tawiwit Cool. fuss. 

Margin. H. J. 1968 PrInceton U.�* &. NSF 

Backus. G.E. 
Gilbert. J.F. 

1968 U. Ca.. San�a 
Diego� * 

-NSF; Oldt 

Papanastassiou. 0. 1969 Caltecis� I NSF 
Wasserburg, G.J. a 

Andrews, J.E. 1970 U. Hawaii� a NSF 
Boyce, R.E.. 
Mi low. E.D. 

Scripps. Inst.�* 
* 

HSu.�K.J. Swiss led.�Inst. a 
Sub. T. Coliaiia. Le.ont�a 
Maxwell. Al. Woodi Hole Ocean.�a 
Von Herzen. R.P. Inst.� a 

Clayton. R.N. 1973 U. Chicago�a NSF; NASA; 
Grossman. L. C Ras. Corp.; Louts 
Mayeda. T. a Block Found. - U. 

Chicago 

flU Other�Relatloisslitp of 
Prter Funding�fundIng to Iiwso 

61�G� OGINA 

a 

a a 


a�a a 

a�a 


£ a 


a a 

a 
it 

a a 



Table II.16.--HistorleS of Major innovations In Mathematici1950-1976 

-; 
ill, of�lnvit$Gn VCSttUC(5) Diti 

institutionil 
Affiliitlo,�Of 
Investi ga tor 

Type 

A�6�1�F�nP 
SOiCei of Support 

for b000vit$o. 

14SF/Other 
Prior 
Funding

6F�C 

Relationship of 
Funding to 
Innov. 

0�1�I�.1* 

Groupi of Lie Type ChevuI}ey. C. 1955 Co1ie a Air Forts a a 

DisCOviy of the Seven 
0i.ensiosal Sphere 

KIloor. J.V. 1956 Priocetan U. a Sloe. fou.datlis a a 

Slagular iAIeyaI & Peu6o 
0,fferr.tial Operators 

Calderon. A. 
Zygutiod. A. 

1957 U. Chice a 
a 

*, Air Forts a 

• Horoender. L. 1959 U. Uppi4Is a a 

S. Proof of ilell Conjecture Grothendieck, A. 19W ).N.E.S. Paris a U a 

6. Duork. Bernard 1960 PrihCetOfl U. a NSF a 

1.� • Deligne. P. 1914 1.H.LS. Paris a NA a 

— 
8. Polncare Conjecture Snele. S. 1960 U. Ca.. Berkeley 

IIIA. Rio 4. .Me-
leru 

a NSF post4.c�Sloe, 
Fou.datIos 

a 

i S. Solvability of Groups of
CO�Odd Order 

Felt. W. 
Tlson, J.G. 

1963 Cornell U. 
U. Cldcago 

a 
a 

lea. Off.; NSF; 
assO £du. Found; Sloe.; 
IDA 

a 
a 

) 

10. Forciag - Conthwun 
NypolM$IS 

it. 1nda Tboorms 

I?. lesotuttos of Singularities 

13. Neroo.,ic An.lysts on Se.i-
S$uI. Lie Grcu*, 

GoNe.. Paul J. 

AtlyaN. N. 
si.9.r.r. 

Nironaka. N. 

Nartsk-CM.drl 

1963 

1963 

1964 

1965 

Stanford 

Oa(ord U. 
NIT 

Ilirvard U. 

CoI*.lia. IAS 

a 

a 

a 

a 

a 

Sloe. Found.; *51 

aSl; Sloe. Fo. 

05*; 

NSF 

a 

* 
a 

a 

a 

II. foliations Lwson. ii.,. 191$ U. Ca.. Iwke)ey a Sloan; IIA a 



Table II.16--cont'd (2) 

title of lnsiv.itius� 

IS. FoIitIoms 

16. Co.çle.$ty of Algorlts: 

I-P Clet..ess 


I?. l419sr it-Theory 


IS. Fur.CoIor Tbeorm 


tivesti.ttOr(S) 

Thurstoii. V. 

tarp. R.N. 

QuilIa*. D. 

Appet. L.I. 
Minn. V. 

tw.titutsanI 
lnflótvtlaiI�tape� Pri'j( Fig..i*1�fa'sai 1. I.. 
AtIlIiatioi, of� Sourcet at 'iurj 

DA LP�1ave1149itr�* 6 I F w�low l..u,la.� cr�6�D�F 16 

1911 U.Ca.. Berkeley�a� Wi� a 

OF •1912 U. Ca.. S"t.lsi�a� 

�
 
1913 MIT� I 
 1� I 

� � a116 U. Illinois�I V. Illinois
*� I 
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III. SUPPORT OF YOUNG SCIENTISTS 


SUBCOMMITTEE RECOMMENDAHONS AND NSB FOCUS OF ACTION 

The Subcommittee recommended that the National Science Board "Study 

the question of support of young scientists and report to Congress." 

Its report further notedthat, 


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 likely to remain so in the foreseeable 

future), there is little information available about the distrib
utionto young scientists of funds for scientific research 

or about the effects on science of the difficulties 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. Although 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 attributabe 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 bj,it 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 university research 

sector. 


Size and Location of Population of Young Scientists 


In 1975, the population of doctoral scientists 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:employedln industrial organizations. Most others held positions 

in Federal Government agencies, hospitals, or nonprofit organizatiqns 

(seeTable II:L.). Thosé:scjentlsts andengineers.under35yearsof age 

constituted one-quarter'of'the total population. Nearly half of all 

docto'a1 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 Science Foundation and the U. S. Office of 

Education indicate that there will be an increased supply of doctorates 

throughout the 1980's.' 


Currentemployrnent 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 Itis expected that: 


o IncreasIng numbers, of young graduates will have to seek 

nonacademic employment; 


o The average age of faculties in the major research universities 

will increase steadily; and 


o New institutional mechanisms--such as nonfaculty research positions 

--wilihave 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 


Ibid,
2.�


3.. Atelsek, F. J. and Gomberg, I.L., "Young Doctorate Faculty in 

Selected Science and Engineering Departments', 1975 to 1980, 

August 1976. 


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


Aqe�Total�Irx3ustry/�
educational�Basic 

Institution�Research
Business�


*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 1 004 24,499 10,274 5,130 


45-49 35 1 233 20,655 8,090 3,965 


50-54 29,921 16,843 7,476 2,770 


55-59 19 1 452 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 


'IYTAL�277,517�65,876�
153,249� 39,121 


*Age noted on response to questionnaire. 


Source: "Characteristics of Doctoral Scientists and Engineers in the United States, 
1975 9 ' 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 poitions for 5 years or more; 

many expect to remain there in the future. 5 


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 Berkeley," American Behavioral Scientist, 11, May-June 

1968. 
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a 

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 III.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. 9 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)O 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 

Amériçan, note no significant biases against young scientists. 


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. 


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. 


Hensler, D., "Perceptions of the NSF Peer Review Process," National 

Science Foundation, December 1976. 


Liebert, Ronald J., "Research Grant Getting and Productivity Among 

Scholars," Journal of Higher Education, Vol. 68, No. 2, March-

April 1977, pp. 185-186. 


"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 (eneration, Region, and 

Institutional Affiliation (percentages) 


INSTITUTIONAL 

ACADEMIC GENERATION*� AFFILIATION**
REGION�


Top 20 

in Re-


Before 1960- 1970�Mid-�Ph.D.�
search�Other 

1960�on�� Granting Academic
1969 North South west West Funds�


Does the Peer 

Review Process 
Favor Well-
Established 
P.I.'s�Over 
Not-Yet-
Established 
P.1.�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 

Older, 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 st know 19.4 12.9 12.7 19.3 14.1 16.5 13.9 15.7 15.9 12.5 

TOTAL 
RESPONDENTS 506 434 71 295 213 236 244 261 439 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 1 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 


o NSF-funded principal investigators tend to be older, have 
held the Ph.D. longer, and are more senior 1n cademic rank 
than the general academic science population. 1I 

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. 1 2 

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 111.3. The 
Hensler data appear to show a bias against younger investigators. A 
more detailed,albeit limited, 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 111.4). In 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 

Dean, Burton, unpublished study. 


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

NSF, 75-302. 
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Table 111.3--NSF Awards and Declinations ByAge and Prestige of 

Institution of Current Employment of Proposer During 

FY 1975 (percentages) 


Institution Type�Top 20 Universities�All Other Institutions 

(research funds) 


Age of Proposer�Young�Old�� Old
Middle Middle�
Young�


Awardees�54.4�68.9�78,3 55.5�
48.6��61.6 

Declinations/With-


drawals�45.6�21.7 44.5�
31.1�51.4��38.4 


(N)�(57)�(221) (890)�
(167)�(401)��(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 
Old = Ph.D. received prior to 1960. 

support was 0.96 for all fields. Therewas, however, considerable variation 
among the major disciplines. In the biological and physical sciences, the 
percentage of young researchers with.Federal support exôeeded that of senior 
researchers (young/seniorratio 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 111.4--Federal Support For Young and Senior Acádémic Researchers, 1973* 


Researchers with Federal Young/Senior 
Support(Percent) Field Ratio 

Young�Senior 

68�62 Biological�Sciences 1.06 

58�52 Phyica1�Sciences 1.06 

50�51 All�Fields 0.96 

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, Director's Program 


Review, June, 1974. 


Conclusions 


There are no simple 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, private, 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 thc virious 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 Initiatio.n Grants 

(FY 1977, 61 grants totaling $1 ,25M.) 


o Fellowships 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 investigators; 

no longer 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 OF RESEARCH AT UNDERGRADUATE TEACHING INSTITUTI 


SUBCOMMITTEE RECOMMENDATIONS AND NSB FOCUS OF ACTION 


The Subcommittee recommended 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 

andgive 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 located in colLeges; 


o The future health of American science depends on the 

quality of teaching at all le'els, including the 

undergraduate level, where a substantial number of 

students in science can benefit from participating 

in or observing research; and 


o 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 tbeir interest in scientific careers while attending 4-year 
colleges.' It is important that the access of these is qqual to that 
available to university faculty members. A study on NSF funding of 

1. See Tidball, M. Elizabeth and Kistiakowsky, Vera, "Baccalaureate 

• Origins of American Scientists and Scholars," Science, 193,August 20, 


1976, pp. 646-652. 
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Table IV.L--Number of Institutions and Share of Enrollment American 

Higher Education, 1970, By Type of Institution 


Institutional Type 


The College Sector 


Comprehensive I 


Comprehensive II 


Liberal Arts I 


Liberal Arts II 


The University Sector 


University I 


University II 


University III 


University IV 


Two-year and a few 

specialized I nsti-. 

tutions. 


TOTAL 


Number of Institutions Percent of all 
Public Private Total Enrollment 

336. 836 1172 37.5 

223 98 321 24.7 

5 47 132 4.7 

2 144 146 2.2 

•26 547 573 5.9 

108 65 173 31.5 


30 22 52 12.9 


27 13 40 7.2 


34 19 53 7.6 


17 11 28 3.8 


869 613 1482 31.0 


1,313�2,827�
1,514�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 in4-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: 


o 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.l 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 little 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 

StateCollege, enrollment 10,000; (private) Saint Olaf 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. All other liberal arts colleges,, again 

manly private. Examples: (public) State University of New York 

College at Purchase, enrollment 400; (private) Bethel College, 

Indiana, enrollment 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 [V.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, Ioth 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 

liberal 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, pri vate 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--cont'd 

2) Private 

Coup Cal 1 23,253 

(100' ) 

17,830 

(77.0 ) 

472 

( 2.0 ) 

82 

(0.35° ) 

1,652 1,625 

(7.1°.)�-
(6.9..) 

388 

(1.7 :) 

1,204 

(5.0) 

Coup Cal II 1,780 1,489 187 -- 59 10 35 -

(1001 (83.7 ) (10.5 ) (3.3. ) (0.6 ) (2.0) 

Lib Arts Col. 1�9,314 6,521 300 2 1,256 264 364 607 

(100 ) (70.0 ) ( 3.0 ) (0.02.) (13.5 ) (3.0 .) (4.0 ) (6.5 ) 

Lib Arts Cal II�2,264 966 2 1 539 111 2 643 

(100 ) (42.7.:)�. ( 0.09' (004)_ (23.8.i (5.0.) (Q09_.._(28.4.. 

Univ I�865,403 686,335 22,948 3,922 62,207 21,464 31,594 41,901 

(100 ) (79.0 )�C�3.0.:) (0.5 ) (7.0 )�(2.5 .) (3.0 ') (5.0°) 

90,075 . 7,184 6,062 26,626 3,576
Univ 11�° 110,098 1,415 172�

(3.2)


(100;) (82.0:) (� (0.2;) (6.5°) (1.4 •)
1.3') (5.5 ) 


Univ III�74,657 56,845 314�4,204 3,320 1,616 5,650
1,118 . 

(7.6�
(100.) (76.0 )�(0.5 ,) (45•) (43 ) )1.5.:) (5.6 )�
(�


705 . 694 828
Univ IV�8,453 5,252 185�1,243 3 5 206 
(10.0 )
1.2,)
(100 (62.0 )�(2.0.:) (14.8 )�(8.0 ) (2.0',)
) (�


Source: The National Science Foundation, Survey of Scientific and Engineering Expenditures at Universities 

and Colleges. 




 

 

 

Table IV.3.--Research Applications to and Awards Made by 

The National Science Foundation in F'' 1974 


By Type of Iflstitution* 


Success 	 Anout 
AwardedInstitutional Type Anplications Awards Ratio 


The Ce11ee Sector 


Conp Cal I 1995 711. 0.356 $ 16,282,000 

Coip Col. II 330 148 0.448 3,451,100 

Lib Arts Cal. I 459 226 0.493 7,110,000 

5,520,000Ub Arts Cal II 648 	 276 0.426 

-�-	 --- V -�--

The University 

Sector 


8248 4,588 	 0.556 $ 319,335,000Univ I 

V 64,293,000Univ II 3251 1,608 0.495 

865 0.429 84,386,000tiv II! 	 2015 

V
629 	 252� 0.400 9,106,000Univ IV 

Total 	 17,95 8,674 0.493 
$ 509983100 

*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* 


Institutional Type 


Co11eqe Sector 

Comp Col I 


CompCol II 


Lib Arts Col I 


Lib Arts Col 11 


The University Sector 


Univ I 


Univ II 


Univ 111 


Univ IV 


Total Number Institutions 

of Applying Effort b. 


Institutions for Awards Ratio TaJ-

(a) (b) Tc) 

333 265 0.796 

136 88 0.647 

149 107 0.718 

580 296 0.510 

52 52 1.000 


40 40 1.000 


55 55 1.000 


30 29 0.967 


Recipient 

Institutions�
Ratio 

Receivinq�d. 

Awards�Ta7 

(d)�e' 


224 0.672 

65 0.478 

88 0.591 

166 0.286 

52 1.000 


40 1.000 


54 0.982 


28 .933 


�
��
 
932�0.678 717�0.521
Total 1,375 


* Proposals and awards include virtually all proqram 'wants and contracts, except proposals from 

foreinñ Institutions, purchase orders,, fellowships, travel awards, and proposals and awards 

to other Federal aqencies. 


Source: The National Science Foundation 

a 



Table IV.5.--Ph.D. and SC.D. Scientists and Engineers Employed in Universities and Colleqes, 

by Major Field of Employment, Employment Status, and Type of Institution: 


January 1976 


ENFLOYED IN ACADt341C INSTITUTIONS GRANTING 

DOCTORATE MASTER' S BACHELOR' S OTHER 2-YCAR 
FIELD AND DIPLa'ENT STATUS TOTAL IN S&t IN S&E IN SEE DL6REES INSTI1IJTIONS 

ALL FIELDS 
TOTAL�........................ 139,936 99,132 19,992 15,219 606 5,187 

FUU.-TIME ..................... 126,160 90.570 17,914 13,751 249 3,670 


ENGINEERS 

TOTAL......................... 14,984 13.353 1.010 373 18 230 

FULL-TIME..................... 13,451 12,085 832 355 18 161 


PHYSICAL SCIENTISTS 

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

FUI.L-TINE 20,270 13,102 3,171 3,053 26 918 


ENVIRONIIENTAL SCIENTISTS 
TOTAL ........................ 5,241 3,797 903 390 22 129 

FULL-TINE ................. .... 4,899 3.591 841 361 9 97
10� 

PIATHDATICAL SCIENTISTS 

TOTAL�......................... 13,386 8,445 2,487 1,843 42 569 

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


LIFE SCIENTISTS 

TOTAL�........................ 42,813 32,255 3,448 2,977 77 1,U61 

FULL-TINE ..................... 39,061 32,176 3.227 2,774 48 916 


PSYCHOLOGISTS 

TOTAL�........................ 13,873 7,237 3,276 2,363 78 n19 

FULL-TZMF. ..................... 11,438 6,155 2,734 1,957 48 344 


SOCIAL SCIENTISTS 

TOTAL�........................ 27,655 17,062 5,443 3,979 125 1,046 

FULL-TINE... .................. 24,838 15,605 4,830 3.562 76 767 


Source:� Activities at Univcrsitics and Cot1t'js,_ianayL"76.!a2 !9Y!ceR_10! ScientIfic 

Detailed Statistical T;ih1e, Aipnd1x II, T.-ibk' 8-50�76-321)..
(NSI�




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


All Federal Funds 


FY 1974�
FY 1972�FY 1975 


82��

Comprehensive College II�8 7��6 

Liberal Arts College I�12 9��9 

Liberal Arts College II�3 2��2 


Comprehensive College I�77 83 


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.l). 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 less 

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 f2derally funded research and 

development centers). 2 


Research Environment and Productivit 


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. 


'v-li 



 

 

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 enrollments tend to 

alleviate teaching responsibilities. An informal survey of campus liaison 

officers, (there were 13 respondents, all members of the AmericanAssoiation 

of State Colleges and Universities that participate in AASCI.Ps 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. 3 


NSF attempts where possible, to relieve teaching loads of researchers 

who receive grants. 4 


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, butbecause students at this level are relatively untrained in 

research procedures, the research process is likely 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. 


"National Science Foundation Research Support to Four-Year Public 

Institutions," Unpublished report by American Association of State 

Colleges and UnIversities, August 1977. 


"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 attention 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. 5 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 liberal 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 likely 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. 


Collegefaculties and their colleagues in many universities, however, 

perceive that NSF research funds are not available 6 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 


Applicants
Revi ewers�


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 reviewers and applicants thought that the NSF 
peer review process does favor proposals from well-known institutions. 
Reviewers are somewhat more likely 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 limited 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-bibllographical 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 ' uitable 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: 


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. 


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. 


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: 


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; 


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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continuing to develop arrangements that enable scientists 

at institutions with equipment limitations to work at well 

equipped laboratories part-time or during summers; 


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 eqqally 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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MISMATCH 




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 capabilitywith 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'. 1 


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 National 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 monitoriVg 

mechanisms are summarized below. 


Monitoring the Science Base 


I. 

Science Resource Studies. The Science Resources Studies program 
within the Foundation maTntains 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 attention to areas requiring 

further study and/or action. 


Annual Reports of the Board. The Board has astatutory responsibility 

to report annually on the health of science. 2 In recent years this 


2. 'Every other year this report is the Science Indicators 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.thät, "scientific research, after a period 

of relative well-being, is today exposed to severe 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 limitations. As money has become relatively more scarce, the 

process of its acquisition has become much more competitive, as well as 

11 • . . 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 

decisionmaki ng. 


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 wereestablished to augment the Foundation's permanent advisory 
committees. Composed of' recognized' scientists and research administrators, 
these committees provide adytce and guidance to the major organizational 
subdivisions. 

To this central advisory committee structure an external system was 

added that established oversight review foreach 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 

examineall 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 average grant size was too small; 


o One subprogram had a reasonable budget; four had 

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 proDosal 

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 Oversight. This office, which reports to the 

Director of the Foundation, will be better able to coordinate these 

functions. 


But the increasing number of proposals, decreasing average grant 

size, and subsequent need for closer review 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 industrialresearchers. 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 recommendaUons, the Board and Foundation 

conduct or sponsor periodic and special surveys designed to measure and 
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interpret both funding and.research output trends. New organizational 

arrangements have been introduced within the Foundation to help Board 

and Foundation officials achieve a better understanding of both the 

performance of and specific problems faced by all program elements of 

the Foundation. 


W. 
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APPENDIX A 


TEXT OF SECTION E FROM THE REPORT OF THE SUBCOMMITTEE 

ON SCIENCE, RESEARCH, AND TECHNOLO(Y 


January 1976 


•� E. NArIONAL SCIENCE riOAItD 

•�un the course of considering peer review 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 elapse of it period of time. The Subcommittee considered 
arguments that Congress ought to judge these issues an(i set Founda
tion policies but is coiivmcect it is preferable to keep the responsibility 
for setting Foundation policies lodged in the National Science Board 
as legislated in the Foundation's organic act. 

The Subcommitteo 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-
commit tee will stay informed of the Board's progress to assure that 
the issues are suflicieiitly atidressed 
• Finding: There jq it clear need for finn policy guidance in the management of 

peer review at the National Science Foundation. Experience in science and with 
the scientific community, as well as carefully assembled objective information, are 
essential to the formation of sound policies governing peer review. 

Recommendation: 'F he National Science Board should have primary respon
ibi1ity for the establishment of policies governing peer review at the National 

Science Foundation. 
The National Science Board should----

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. 

Sutdv the extent to which the Foundation should rely on peer panel
review and report to Congress, 

a. Establish an internal Foundation program to monitor problems arising
froill the misniatch between the size of the scientific conixnunit.y and the 

of Foundation funds available for support, of that community, and
hotibl report periodically to Congress. 

t i tdv t ii�it es Ii on of vl, o tit ''r the Nat tna I Science Found ati on shot ild 
have foriuial procedures for t'ou-;id-'riiu :qqwals of dceiions made on award
allpheotions and 0iould report to Coic gres,,. 

Study the effects of puililleaticun of the list of reviewers usc'cl by the
Foundation and cunsider whether publication of the list in it less aggregated
foriui uuuight be desirable. 

. Collect further information concerning effects on the pe'r review sys
tein of the level of confidentiality in which peer reviewers' flajujes and ver
l,a (ito comments are held. The Board should report the inforuiiation and any
conclusions that may be drawn from it to Congress. Further changes in the 

.�level of eonfidentiaht) of the loundation's pccr review sr� 
Ystcnl should bemade slowly if at all. 
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NATIONAL SCIENCE FOUNDATION 
Office of the !)irrctor 

Wnshington, D.C. 20550 

Notice No. 59� 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 N SF be evaluated as fairly as possible and that there be wide par. 
ticipation 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 infonnation: 

The Foundation will publish annually a list of all reviewers used by each Division; 

Program officers should seek broadly representative participation of qualified in. 
dividuals as reviewers; 

Verbatin copies of reviews requested by the Foundation afterJanuary 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; 

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

Items 2. arid 4. of the resolution are procedures that have always been employed by the 
National Science Foundation; items 1. and 3. represent changes in prior practices. It is cx
pected that thee changes will lead to better communication between proposers and the 
National Science Iiou!I(lation and, in general, help clarify the basis on which decisions are 
made. 'l'h' peer review process has well served the scientific community and is the cor
nerstone for the management of much ol the Federal support. ol scwnce 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. 

j4' 
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NATIONAL SCIENCE FOUNDATION 
Office of the Direclor 

WAS!IING TON, J).( -,', 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 

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 the design, 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. 

Policy. Although award of NSF grants is discretionary, it is the policy of the 
Foundation thatan applicant for NSF grant assistance whose 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 notbe provided. The 
Foundation cannot assure applicants that reconsideration will result in the making of a 

evalua tion .*grant award even if error is established in connection with the initial 

I)efinilions. 

a. "I)eclinat.ion" is awritt.en noticeby theFoundation advising thatgrantassistance 

will not. be provided to the applicant, in response to a proposal application, a renewal 

application or a continuing application. 


NOTE: Evaluation of proposals usually includes subjttivt' professional judgnitnts by ieer scientists 

concerning scant dir merit. relevance, signhtic tire to the discipline or to the problem being addre;scd. scientific 

(ompet cure ii ml tx ten ince if the investigators, and adequacy of f: t eli ti ts and hi V8 i lab Ic support. Since fit nd s 

sivatilable are u soil ly I nsu fun tfl t to SU ppi irt all meritorious p ri )p( ISa Is sil ceti tn of i trot usa Is for funding iou 

include con suhiti t i un of the in en t of a par ticu tar pit iposa I rI at iii , to other proposals and availability of funds. 

Othcr factors cutisiderixi include programmatic choices stith as the relevance and significance to the NSF 

prog rant from w hi cli I It e fu IuI S are to he alit sit I ('(I. and lb tn t'itL Is ith to strengi Ii,'ii research a mid education in the 

sciences Throughout the 1. n i lid States a tid to avoid u nil tie geog ri ipi tica I comet: ration. 


DRArT 
DoAlz Nut rr 

http:awritt.en


1) ''l'rin('ipLl Investigator" or "P1" means the individtial d('sigluLted by the applicant 
and approved by NSF tobc principally responsible fir tlwscientificor technicaldirection of 
the work described in a proposal. In some instances, the title "Project Director" is used 
instead of Principal Investigator. 

"Applicant" or "Institution" means the academic, scientific, or other organization 
which submits a proposal. A l'rincipal Investigator is, in most instances, affiliated with or 
employed by the applicant institution which submits a proposal. In rare instances, an 
individual may be 1)0th the apAicant and the Principal Investigator. 

"Au thorizeci Institutional Representative" means the administrative official who 
is empowered to commit the applicant to the conduct ofa 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. 

Expkz nation. by Program Director. A Principal Investigator desiring information 
concerning a declination should request an explanation from the appropriate Program 
i)irector by letter, by telephone, or in person. The Program Director will furnish 
information concerning the basis for the NSF action including, when requested, verbatim 
comments of peer reviews with the names and other identifying data of the individual 
reviewers deleted where such reviews werc.solicitcd by NSF after January 1, 1976. Reviewer 
comments sohcited before that date will he paraphrased. The Program Director will afford 
the P1 an opportunity to present the P1'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 PT should be inflamed that a revised proposal may be submitted for consideration as a 
new proposal under the usual review and evaluation procedures. If the P1 is dissatisfied 
with the I'rogram I)irector's explanation, he or she may request reconsideration as 
provided in paragraph 5, below. 

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

follows the explanation by the Program l)irector; and 

is postmarked 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 1)ehef 
that reconsideration is warranted. TheAssistantl)irector may conduct the reconsideration 
personally or may designa(.e another NSF official to do so provided that no official so 
designated shall have participated in the initial evaluation. 

The Assistant I)irc'ctor or other official designated by the Assistant Director shall 
recmw the procedures followed in the initial evaluation to determine whether the 
proposal h ad rcc(iVed fair coiisid eration. Such ofhcia I ni ay req uest additional in form a lion 
from lb (' I'J and in ny, if deemed necessary, obtain additional peer review comm en is. 

Within () days folloving the date of the request, the Assistant Director shall furnish to 
the 131 in writing the results of the reconsideration. I frnore time is necessary, the P1 will be 
notified in writing of the reasons therefor and of the (late by which the written report is 
cx pected to he provided If reconsideration rca f'firms lb ('dccli nation, the Assistant I) irector 
will inform the Pt of the availability of further reconsideration by the Deputy l.)irector of the 
National Science Foundation and of the requirements for submitting such a request as 
provided in paragraph 6, below. 

I"urtl, er Reco,iszth'ra tion by Deputy I)ireetor. Within 180d nys following recon 51(1 era 
thai pursuant, to I)aralraph 5, above, further review may be obtained by the applicant as 
follows: 



Who may request further reconsideration. Such request in ny l)e sul)mitted 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 
individun i(s). 

Thue 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. 

Form of request. A request for further reconsideration need not be in any particular 
format, but it (1) must be in writing and signed by the Authorized Institutional 
Representative and by the P1(s), (2) must state the proposal number.(if any), and the title of 
the proposal, and (3) must set forth the reasons why it is believed that an error occurred in 
tbe initial evaluation and all pertinent facts and circumstances in support thereof. 

Address request for further reconsideration to: 

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

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 
earlier reconsideration. 

Scope of reconsideration. The Deputy Director or the official(s) designated by the 
Deput.y l)irector shall review the request and the prior NSF actions concerning the 
• proposal. Administrative judgments previously made concerning award or declination for 
the proposal will he reexamined. Where such reexamination indicates that administrative 
judgments as to scientific merit of the proposal may have been influenced significantly by 
an inadequate or unfair peer review, additional peer review will be obtained. 

Report. A written report of the results of the further reconsideration shall be 
prepared for submission to the requestor by the Deputy Director within 30 days following 
the date 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. 

Ii. Finality. Once reconsideration Gy 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 
proposal in the same program area for consideration as a new proposal under the usual 
review and evaluation procedures. 

irector-H.i
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RESOLUTION ON PEER REVIEW flflORMATION 
ADOPTED BY THE NATIONAL SCIENCE BOARD 
AT ITS 174TH MEETING ON JUNE 20 1 1975 

The National ScienceBoard 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 

\otber 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: 


The Foundation will publish annually a list of all 

reviewers used by each division and office. 


Program officers should seek broadly representative 

participation of qualified individuals as reviewers. 


Verbatli' copies of reviews requested by the roundatior 
after Jauary 1, 1976, not including the identity of 
the revL?wer, will be macic available to the principal 
investigator/project director upon request. The 
question of including the identity of the reviewer 
will be considered further by the National,Science 
Board. 

The Foundation, upon request, will inform the 
principal investigator/project 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 policies, since those, reviews will 

have been solicited with a commitment on the part of the 

Foundation to the confidentiality established by that earlior 

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. 
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APPENDIX D 


POLICY REGARDING PEER REVIE' 
ENDORSED BY TILE 

NATIONAL SCIENCE BOARD 
AT ITS 188TH MEETING ON MARCH 17-18, 1977 

Responsibility for all award decisions rests with the National 
Science I3oard 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 award 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 reporting on the peer review process and its use. 

I.�
It is the policy of the National. Science Foundation that the 

evaluation of all formal proposals for NSF funding includes 

external peer review with the following exceptions: 


Proposals submitted in resppnse to formal solicitations 
that are governed by the Federal Procurement Regulations. 

Proposals to provide goods or services normally obtained 

through purchase orders or requisitions. 


Other proposals for which peer review has been waived by 
the Director or his designee. A report on the use of 
this category of exception must be included in the 
Director'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. 

Proposals which are withdrawn prior to decision. 


II. Peer review 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 select one 
primary method for peer review which will represent the 
minimum review received by procs1s in that program. 
This primary method of peer review can be supplemented 
with additional reviews, site visits, etc., as needed 
for individual proposals or activities. 



After approval by the Diràctor or his designee, the 

primary method of peer review in each program, including 

the eva1ua:j�
criteria reviewers are rcqucsted to consider

in reviewing proasals, shall be suitably announced. 


XXI. The peer review process is intended to aid in the effcctive 
evaluation of prcposals and to assist in assuring that each 
proposal receives full and fair consideration. Selection 
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 representation of reviewers in terms of geographic
distribution, type of institution represented, race and 
sex of reviewers, etc. 

Principal investigators shall be informed by the Foundation 

of the availability upon request of: (A) verbatim, unsigned 

copies of all peer reviews; (B) the criteria established for 

the review; and (C) a suimary of the Foundation's reasons 

for its decision on the proposal. 


In no case is a review to be associated with an individual 
panel member, a reviewer (panel or ad hoc), or subgroup of 

an entire panel, except as required by law. Names of 

ad hoc reviewers are confidential and are not to be 

released except as required by law or as provided in


below. 


VI. 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 published list, by Division., of all reviewers used 

during the preceding year. 


Information on the waiver of peer review for proposals

under Section I.C. 


Statistical analyses of the use, of peer review. 


Recommendations for change or further consideration 

of the Foundation's policies on peer review. 


Such other information as the Director may fec).
appropriate. 
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October 1977�Volume 237�Number 4AiM ER! CAN 

REPRINTED WITH PERMISSION - COPYRIGHT @ 1977 by SCIENTIFIC PIMERICAN, INC. 

ALL RIGHTS RESERVED.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 

For more than 25 years the National 
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
utcd by the Federal Government for ba
sic scientific research and more than 30 
percent of the Federal funds allocated 
for such research 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 
officials responsible for deciding which 
investigators receive grants rely on the 
evaluations of other investigators in the 
same discipline. 

In rcent years the peer-review system 
has been attacked for a variety of rea
sons by certain membert of both the sci
entific community and the Congress. 
Hearings on the alleged inequities of the 
peer-review system were held two years 
ago by a subcommittee of the House 
Committee on Scienfe and Technology. 

In an effort to assess the validity of the 
public criticisms of the peer-review sys
tem raised in the Congressional hearings 
and elsewhere 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 
complete autonomy from the NSF in 
conducting our research. 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 

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 noneniinent 
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
searcwproposal comes to the NSF. it is 
assigned to the appropriate program 
and Is thereaftee handled by an employ
ee of the NSF called the program direc
tor. On receiving a proposal the pro
gram director generally looks it over to 
determine its specific subject area. He 
then seletts a ni.mber of reviewers who 
are ;ern 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 
to present written comments evaluating 

the proposal. In some programs an mdc 
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 rt 
viewers the criteria that should be ar 
plied in evaluating the proposals. Th 
main criteria are (I) the significance c 
the scientific investigation described 
the proposal. (2) the ability of the api 
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 fat 
tort are roughly equal, another set 
criteria, including the geographic be 
tion of the applicant's institution, mi. 
be considered. Heavy emphasis 
placed on the quality of the work d 
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 at 
most capable of advancing science at 
sometimes denied grants and that scie 
tists who are doing less significant wo: 
are given grants. Former Representasi 
John B. Conlan of Arizona, for exan 
pIe. asserted at the Congressional hea. 
ings that peer review is essentially a 
elitist system run primarily for the ben 
fit of a clique of eminent "old boys." II 
said: "I know from studying materi. 
provided tome by the NSF that this is 
'old boy's system' where program ma 
agers rely on trusted fricnd5 in the ac. 
demic community to review their pr, 
posals. These friends recommend the 
friends as reviewers..,. It is an ince 



 

 

 

 

Jy system' that frequently power ;.. the hand* of the progra.0 ti. Further hbuse is said to be 1sble 

itifles new ideas and sientitic break. rectors to decide who should get funds. because the reviews received by the pro. 

throughs. while carving up the multimil. The program director is alleged to be at gram director are only advisory, leaving 

lthn.dollar Federal research and.edua. the center of the old.boy network in him free to ipnore them, and because the 

(ion pie in a monopoly game of grants. which reviewers favorably evaluate the program director can predetermine the 

proposals of their friends, eminent sci- Outcome by selecting a biased group of 

critics in and out of Congress main- entists favorably review the proposals reviewers. The Critics argue that know). 

taithat the main organizational condi of other eminent scientists and funds Cdgeable program directors deliberately 

tionthat gives rise to this unfair distribu. are denied to scientists who are not parl select reviewers who will be either hard 

lion of support is the extraordinary of the exclusive old-boy system. or easy on a particular proposal. Even if 

RANK OF REViEWER'S DEPARThIENT 

MEDIUM MEDIUM 
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(182)� (299)� (549)� (1,264)(110)� (*54)� 

(542)� (672)� (41� (454) 

STATISTICAL ANALYSIS of 3,769 peer-revIew ratIngs given by d.mk depsrtment, an determinid in an Independent survey. Thus the 
'aelous mall revlewe,s 10 *400 applIcants for baslc.r.,asrch grsot entry In the upper left.hiu,d corner of the table tignities that the,. 
from the N*Inl Science Foundation In the fiscal year *975 was were 83 reviews by reviewer, In bigh.rnnked departments of propos. 
simed at testing the "oh) boy" hypothesis, which holds that the pro. ala tubmitted by applicants from high-rAnked departments; on the 
Posul, of eminent scientists are apt to be ratrel more favorably by em. average these reviews yielded ratings that were .05 ala standard devi
inent reeleweri than by other r.vIewerI. The ratings In the 50 differ. ation above the mean. Sinci it appease that propossIS from eppll. 
e,,t program areas studied were time co,,vefled Into itandani scores CAntS in blgh-rau.ked departments are actually rated lower by teview. 
In the followltilt nisanert Within each field the mean rating seas CII at era from high-ranked depariments than by reviewers from lower. 
Seen, and the rating reccivesI by on oppllsaiIi was then espressed in ro,il.rd d.-purtnenls, in this ampie at irast the data ofici' no support 
Seems of the currmp,ndl,ig number of sta,,durd diviulluns above or for the old.bny h)pistlinhi. The analysis does show that applicaut 
brlos, the mea,, ruling. A t,ifh number menus a coosiusratlerly favor. from 1,1gb_ranked dcpaetmenSsare slightly more llkly to receive I.. 
ahie ralinE, and s Ice versa. Itoth the uappllruuits and the revirvires weri vnrStIr ratings than are those from unronked departments, but the,, 
separately cIsifl,d according to the prestige of their current ace. is no evidence that this outcome is the ees,,it of iuuequttabte te,stm,nt. 
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HIGHMEDIUM�LOW HIGH�MEOIUM LOW 
(382)�(384)�(390) (99)�(163)�(144) 

MEAN RATING OF MAIL REVIEWERS MEAN RATING OF PANEL MEMBERS 

PSF PROGRAM DIRECTORS appear to rely heavily on the evaluations of the peer review
cr5 in deciding whether or not a resetcb proposal Is to be funded. As the chart at left shows, 

aniong the 352 applicants who received comparatively high ratings from the mail reveiwers 92 
percent were awarded grants, where..s among the 390 r.ceiving low mean ratings only tO per. 

cent received grunts. Similarly, as the chart at right showS, among those proposals that received 
comparatively high ratings from an lisdependeat panel Of pier reviewers 84 percent were fund. 
ed wherCas among those that received tow panel ratings only 12 percent were funded. Evident. 
ly peer-review ratings are the most important determinant of the program director's decision. 

the program director reels compelled 
by the reviews to support a proposal he 
dislikc, lie can effectively stifle the re
gcarch by reducing the size of the bud
get. The program director can sup
posedly do so because there are no effec
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. 

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

In o.sr study of the peer-review system 
we decided to limit ourselves at first to 
an examination 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-research programs for detailed 
itudy: algebra, anthropology, biochem
istry. chemical dynamks, ecology, eco
nomics, fluid dynamics, geophysics. 
meteorology and solid-aisle physics. Be
cause our intensive analysis included 
only about an eighth of the NSF's basic. 
research programs our rcsulta may not 
be gcneralizable for the entire organiza. 
tiOs,. We sire currcntly conducting 101. 
low-tsp studies of other programs. 

Our investigation has combined both 
qiIstititivc 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 program 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 peer-review 
comments on those proposals and ex
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
tionwe went backandreinterviewed 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 
half of the applicants were ultimately 
awarded grants.) The purpose of the 
quantitative study was to identify those 
characteristics that were correlated with 
the receipt of a grant from the NSF. 
Were Representative Conlan and the 
other critics of peer review correct in 
(heir assertion that eminent scientists 
have a great advantage in the competi
lion for funds and that less eminent sci
entixts, 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 10 5ientists who he knows in ad
vance arc biased either in favor of the 
proposal or ugainst it. We shall call this 
view the old-boy hypothesis. Prestim
ably the proposals of eminent Scientists 
who are members of the old-boy nd-

work are snl to oilier eminent scientiSts 
who give their eminent colleague a f.. 
vorablc evaluation. lit return, of cour, 
the reviewers expect reciprocity when 
their proposals are sent to other mem
bers of the old-boy club. Equally impor. 
(ant, the proposals of less eminent scien
tists, who are not part of the network 
are sent to scientists who will give them 
lower evaluations than they deserve. Al
though we have no direct evidence that 
the program directors either door do 
not select reviewers with a certain out
come in mind, we can see if the out
comes are consistent with the old-boy 
hypothesis. Arc the proposals of emi
nent scientists actually rated more fa
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 cut-rent -
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
irsg combined into one large table (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 to 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 tact that eminent scientists 
tend to get higher ratings could simply 
be a result of the higher quality of their 
proposals or of the belief on the part of 
the reviewers that the eminent scientists 
are in fact better able to carry out the 
proposed research. 

In order to explore the matter more 
deeply we next conducted a statistical 
analysis of variance that compared the 
observed mean rating for each appli
cant-reviewer pair with the expected 
mean rating, assuming no bias. The re
sults of this analysis indictcd that in 
general reviewers from high-ranked de
partmets were not disproportionately 
favoring proposals from applicants in 
similarly high-ranked departments. We 
cond.cted this analysis separately for 
e'ieh .f the 10 programs. In only one 
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• -rCsfl1 prrr rvlewers at high-ranked 
l'1)arInIenI5 dcicctthly more lenient 
inward the proposals of their colleagues 
jt similarly high-rankcd dcpartmcnts. 

Another statistical analysi of van-

met tested the reViewerS' bias in terms U.. 


if geographic location and of the rela-�z� ,� .. '� ... 

ue eminence of the reviewer and the �
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ipplicant It showed no significant ten 

.� '..lency for scientists in one part of the � .�

:ountry to favor proposals from col-� :. .� •'. 

caguet in their own region or for cmi-� - HIGH�MEDIUM�MEDIUM�LOW�UNRANKED 

nerd scientists to favor the proposals of � 
eminent scientists over the proposals of� 
en 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 
'4,n-o,,�%Vhot it rnmprrp.'t in 1w the ntd.-. -------.-� 0.�

n 
-

boy label? There are at least threepossi-� 
bilities. The term could refer to investi-
gators with a common view of their field 
who will only 000raise favorably work� 

0�100that 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 �0 

fraternize and also to favor one anoth-
er's proposals. It could refer to social 
position: scientists at a given level of 
eminence might tend to favor the pro-�w 
posals of others who are similarly situnt--. .�.' - �-----.-.- -' --S ---------t �w�0 
CO In SOC nicrarcny 01 science, even 0.�if 

?� 100 
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•�they have no personal contact with� -�(238)� HIGH� (240)� LOW� (241) 
- (242)•�them. Critics of the peer-review system �.� 

never specify clearly which form� NUMBER OF CITATIONS IN 1974 TO WORK PUBLISHED BETWEEN 1965 AND 1974 
P0)55515 55 UnUCFUIIIIIII5 (ISO� 100 

system. The data reported here allow us 

to examine the assertion that persons of 

similar rank, similar intellectual back-�& 

ground and similar repute favor one an-

other's proposals, but we do not have in 

hand data for examining forms of old-�w 

boyism that may be connected with 

friendship patterns. uj 


TJow do the characteristics of the ap. �o 
J. .1. plicants affect the peer-review rat- -�-�HIGH�MEDIUM�MEDIUM�MEDIUM�LOW 

LOW�(244)ings they receive? Critics of the peer-re-� (289)� HIGH� (238)�
(289)� .� (240)

view system say that regardless of the� 
quality of proposals eminent scientistS� NUMBER OF CITATIONS IN 1914 TO WORK PUBLISHED BEFORE 1965 

enjoy an advantage over those who are ° 100 
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not eminent. In the finnl analysis, these 
critics contend, the peer-review system 
results primarily in eminent scientists at 
high-ranked deparlments 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 JO programs into one 
large siandardi7cd sample. The 1.200 
applicants in the sample were character
ized hy .une variables that established 
their slalus in the social system of sci
ence. Each of these characteristics was 
then tested separately to see if it provid
ed evidence in support of the rich-get
richer hypothesis. 

For example, we characterized the ap
plicants according to the graduate de
partments from which they obtained 
IlIcir doctoral degrce to sce if Scientists 
that come from prestigious Ph.D-grant. 
ins departments tend to get higher rat. 
ings than those who come from lest 
presligious departments. The applicants 
were also classified according to thcir 
Current academic departments in order 
to test the assertion that applicants in 
high-ranked departments have an unde
aervrd advantage over applicants in 
low-ranked departments. We classified 
the appllcanls according to their current 
academic raisk in order 105cc if assistant 
professors are any less likely to receive 
grants than associate professors or full 
professors. In tieldititin we classified all 
the a;plicanis according 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 received on 
their proposals. There arc, indeed. 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 svrite proposals 
that would be more likely to be rated 
highly. Moreover, since the NSF explic
itly instructs reviewers to regard past 
performance as one of the major criteria 
in determining a rating, reviewers could 
be expected to give higher ratings to sci
entists with a superior 'track record,' 

The data, however, provide little sup
port for the rich-get-richer hypothesis. 
Our results show only weak or moderate 
correlations between each of the nine 
"social stratification" variables and the 
ratings received on proposals. The most 
highly correlated variable was the nuns
ber of Citations in the 1975 Scie,ice Cita
tion Index of work published between 
1965 and 1974. Es;s-n 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 sairpris-

ingly low, explaining oniy an addItional 
5 percent of (hr variance in the ratIngs, 
In the end 89 percent of the b;eg-vcd 
variance in the ratings is left unes. 
plained by the nine variables. 

These results ran so counter to our 
expectations that at first we suspected 
they might have been caused by some 
methodological error. A thorough re
view of our correlation and regression 
procedures, however, left the results in
tact. In fact, the validity of ou'r findings 
has been corroborated by a recent study 
conducted by members of the NSE, 
own chemistry Section. Their indepen
dent analysis yielded resulLs 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. Scientist,i 
whose published work is frequently Cit
ed were only slightly more likely to re
ceive favorable ratings than scientists 
with only a few citations or none. 

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

To answer this question se first deter
mined the means standard deviation of 
the reviesvers ratings, a quantity that 
can be taken as an approxirsation of the 
degree of agreement in a given fIeld. 
This number varied from a 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 scr
sa.) This approach could itself be 
flawed, howpver, if one were to fail to 
take into account the means rating of the 
reviewers in each field. Clearly if there is 
a general tendency in a field to restrict 
the range of c-valuations to either high or 
low scores, there would be less chance 
for variations in the ratings. We there
fore relied on a st0tistic called the coefti
dent of variation, which is simply the 
mean peer-review rating divided by the 
mean standard deviation. In general we 
found that there was a good deal of 
agreement among the mail reviewers in 
all 10 fields and little systematic s'aria. 
(ion among the fields. The coetlicient 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 correlationswe observed resulted 
Pont a lack of agreement among the re-
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Cdsnined the corcIations 
between the mean rating received by a 
proposal and several characteristics of 
the applicant. If the weak correlations 
had resulted from a lack of agreement 
amor.g the reviewers, the associations 
between mean ratings and individual 
characteristics would be substantially 
higher, since mean scores are almost in
'riably 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 analysis 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 
mall 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-

maiiiid: 1:;.. is the program dircctcs 
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 tended 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 little independent 
effect on the outcome. 

The 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 
a 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 
halt were awarded grants. Similarly, 
among those applicants who received 

:cmparative!y high 'snel ratir.is 84 
percent were funded, and among those 
who received low panel ratings only 12 
percent were funded Isce illustration on 
page 361. 

What types of scientists were success
ful in receiving grants from the NSF in 
1975? 01 those applicants who obtained 
their degrees from the highest-ranked 
graduate departments 62 percent were 
awarded grants, compared to 38 per-
Cent of thosc 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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II)EIESDF.NT EFFECTS of a .,leiillSl'O past achievements on�who ,eceiv.d tow mean ratinci. Within each calrory The pCOhShiIity 
the proIabIIiIy of rccellng on NSF grant are repreleOled In 11th chart�that prlicuIsr ,cIenIlsts—Its this case (hose with dilIe-rent ,,umb,ra 
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NSF FUNDING RECORD IN PAST FIVE YEARS 

ideotisti whose 

proposab received medium or low peec-evt.w ratings, for appUcaots who bad been funded by 

lbs NSF in the pasi 8ve years. Again, a good record appeals to produce • slight advantage. 

SIMILAR ACCUMULATIVE ADVANTAGE Is Indicated, among those 

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, rcvca)ed that 
they perccived . just the opposite. Be
cause there is a commitmönt 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 
equal peer reviews they would prefer to 
fund younger applicants. At 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 effect on 
either the peer-review ratings or the final 
funding decision. 

The overall pattern of our data 
suggests that scientists with an es-

tablished track record, many scientific 
ptublications, a high frequency of cita
tions, a record of having received grants 
from the NSF and ties to prestigious aca
demic departments have a higher prob
ability of receiving NSF grants than 
other applicants do. Nevertheless, the 
granting process is actually quite open, 
and there is nothing approximating a 
scientific caste system. Even among the 
most frequently cited Scientists who ap
ply for support an appreciable number 
do not receive grants. and among the 
grotip with the fewest Citations to their 
work a significant number do receive 
grants. There is no evidence that scien
tilts who have received grants in the 
past are gitaranteed continued support, 
or that thote without a past funding rec
ord have no chance of obtaining 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
swer 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 a 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
cants current department and the final 
funding decision. First recall that 55 
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 55 percent of the applicants and 
wrong on 45 percent. The question is: 
How does knowledge of the rank of 
an applicant's department increase the 
ability to predict whether he received a 
grant? To estimate this we examine each 
of the five classifications of depnrtmen-

tat rans.. In (IIC (WI) OUU(I)fl t.IIegorte, 
where a majority (ha not ontain '.,ippc 
we would 'iiess that all applicants did 
not receive grants: in the other three cat
egories, where a majority received sup. 
port, we would do better to guess that all 
received 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 individuals 
departmental afliliation. we get an esti
mate of the increase in predictability 
that results from knowledge of rank of 
department: in this case an increase of S 
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 setting. If we compare the 
percentage difference between these ex
treme subgroups, we find a substaii
hal 36-point difference. In other words. 
some percentage differences do appear 
large in the extremes, but that does riot. 
mean the characteristic is a good predic
tor of a decision for the entire sample. 
Of the variance that can be accounted 
for in funding decisions, the peer-review. 
rating is by far the best predictor. 

The 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 wotid 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 iri these positions they have a bet
ter chance than their peers to obtain sup
port for their rcscarch. With greater 
support they have an enhanced Opportu
nity for making significant scientific dis
coveries and publishing the results. And 
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To the vxtent that this process works to 
the advantage of scientiSts who are ini
tially well placed in the social system or 
scicncc it also works to the disadvarnage 
of their peers who are not so fortunate. 

By taking the mean peer-review rating 
received by an NSF research proposal 
as a rough measure of the quality of the 
proposal we attempted to determine the 
independent cOccI of a sCientist's past 
achicvernents on his receiving a grant. 
We first divided the applicants into three 
groups: those who received compara
iiely high mean ratings, those who re
ceived medium mean ratings and those 
who received low mean ratings. Within 
each category we calculated the proba
bility that scientists who had had differ-
tot numbers of citations of their recent 
work would receive 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 lowest quintile 77 percent received 
grants. This finding leads to two conclu
sions: (I) the mean peer-review rating is 
a far more important determinant of 
whether a sciEntist receives a grant than 
is the number of citationsof his recent 
work, and (2) within each category of 
mean ratings the number of citations of 
recent work has only a slight influence 
on the probability of approval. 

We next considered the cases of those 
scientists whose proposals received low 
ratings. A substantial majority of all 
the proposals in this category were dc
clinci. but the number of citations made 
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prorcsals that received low ratinps 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 oiler 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 different. I he 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. 01 the sci
entists in the highest-ranked depart. 
ments whose proposals received com
paratively low ratings 6 percent were 

MEDIUM RATINGS 

from that found amont applicants in 
lower-ranked departments. In the com
petition for current funds, therefore, a 
scientist's past pCrformance as mea
iurcd by citations of his work and his 
recent NSF funding record does lead to 
a very slight accumulative advantage. 
but his academic afliliation does not ap
pear to give him any advantage. 

The 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 
lion's share of the rewards. Further stu
dy of the equity of research-fund distri
bution wiil 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, and so we 
are sttidying how the ratings and recent 
research performance compare as pre
dictors of future research performance. 
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