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C. I 

The National Academy of Sciences was establ ished in 
1863 by Act of Congress as a pr ivate , nonprofit , self 
governing membership corporat ion for the furtherance of 
sc ience and technology for the general welfare . The 
terms of its charter r equire the National Academy of 
Sc iences to advise the federal government upon reques t 
within i ts f ields of competence . Under this corporate 
char ter , the National Academy of Eng ineer ing and the 
Institute of Medicine were establ ished in 1964 and 1970 , 
respectively . 

The Committee on Science , Eng ineer ing , and Publ ic 
Pol icy was organized in 1981 from the Committee on Sc ienc e 
and Publ ic Policy of the Nat ional Academy of Sciences . 
COSEPUP differs from its predecessor committee in repr e
senting the National Academy of Sciences , the National 
Academy of Eng ineer ing , and the Institute of Med ic ine by 
including members of the counc ils of all three bodies . 

The study and this repor t of the wor k were suppor ted by 
Contract No . EVL-8115789 between the National Sc ience 
FOundat ion and the National Academy of Sc iences . 
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NATIONAL ACADEMY OF SCIENCES 
NATIONAL ACADEMY OF ENGINEERING INSTITUTE OF MEDICINE 

COII•Ina& OM kt.NCI:. bet ..... INe. 
.... D Pueuc PoLICY 

March 8, 1982 

The Honorable John B. Slaughter 
Director, National Science Foundation 
Washington, DC 20550 

Dear Dr. Slaughter: 

&tOt COtee1'1'fVT .... AVDUI: 
WAaNtMe,OM, D.C. &CMt8 
aoa1•••·•••• 

It is my privilege to submit the report prepared by 
our Subcommittee on Postperf ormance Evaluation of Research 
at the request of the National Science Foundation in 
response to concerns expressed by the u.s. Congress about 
methods of assessing the results of basic research in 
science. 

There are many approaches to advancing excellence 
and maintaining accountability of research, including 
especially the peer review system of evaluating propo
sals. The objective of our subcommittee's exploration 
of this matter was to identif y ways of evaluating the 
outcomes of research supported by the NSF. As the accom
panying report points out, the outcomes of basic research 
are, foremost, contributions to the knowledge base of 
science. Additionally, basic research promotes the main
tenance of scientific excellence by strengthening insti
tutional capabilities and by developing a continuing 
supply of capable young researchers. Postperformance 
evaluation is one of the means by which the NSF and the 
Congress can assure themselves and the public that these 
results are achieved. 

Our subcommittee recognizes that any assessment of 
basic research is bound to be complex and subjective 
and, thus, controversial. All methods reviewed have 
significant limitations. Even so, if applied thought
fully, such evaluation would serve a useful purpose. 
Thus, after reviewing the subcommittee's report, we have 
come to the following conclusions and recommendations: 

Conclusion 1 

Postperformance evaluation can and should be 
carried out by NSF at the program or division 
level, that is, through evaluation of aggrega
tions of individual grants or projects. 
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Accordingly, we recommend that the NSF should expand 
and strengthen the use of external committees, consisting 
of persons from a variety of disciplines and experiences, 
to exercise critical evaluation of the agency's programs. 
The results of these reviews, conducted periodically, 
should be reported by the external committees directly to 
the Office of the Director. 

In addition, we recommend that occasional retrospec
tive examinations of specif ic fields of science should 
be conducted to trace the origins of signif icant contri
butions. Such studies should determine, in particular, 
the role played by the NSF in advancing the f ield. 

We recommend, also, that the results of these pro
gram reviews and retrospective analyses should be used by 
the NSF in setting research priorities and in allocating 
resources. 

Conclusion 2 

Postperformance evaluation at the individual project 
level is best done in the course of reviewing propo
sals for renewal of research grants. In this way all 
of the factors affecting a particular investigation-
the quality of the work, the direction the research has 
taken, the risks involved, and the results obtained-
can be taken into account. The subcommittee's survey 
of NSF's Chemistry Division finds that, to a large 
extent, this is already being done in that division. 

To ensure systematic NSF postperf ormance evaluation 
of projects, we recommend that the NSF require through
out all its research divisions that past perf ormance 
under NSF support be reviewed explicitly in the course 
of evaluating proposals for renewal of research grants. 

Finally, it is the committee's view that the NSF 
should take the steps necessary to carry out these recom
mendations and the more detailed activities listed in the 
last section of the report. The NSF may find it useful 
to ask an independent group to assess, in a year or so, 
to what extent the agency has been successf ul in develop
ing broadly its postperformance evaluation activities 
along the lines recommended here. 

Sincerely, . 

���IL � 

George M. Low 
Chairman 
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NATIONAL ACADEMY OF SCIENCES 
NATIONAL ACADEMY OF ENGINEERING INSTITUTE OF MEDICINE 

COM••,... .. ktltiC& . ......... , .... 
ANOP'ueUC .... tC'I' 

M."KOMMITTil ON POSTnafOIMAIIOCI 
IVALUAftOt'OOf IIIIAI(M 

Mr. George M. Low, Chairman 
Committee on Science, Engineering 

and Public Policy 
National Academy of Sciences 
Washington, DC 20418 

Dear Mr. Low: 

&tOt C .. 81'1TV'IIOII AWMUI: 
WAeMtwaT .... D.C. &CMte 

March 8, 1982 

Herewith is the report of the Subcommittee on 
Postperformance Evaluation of Research. This concludes 
our exploratory study of methods that might be used to 
evaluate the results of basic research. The document 
represents the "interim" report (to be available for 
hearings in early 1982) called for in the Senate request 
that led the National Science Foundation to contract 
with the Academy for the exploratory study. 

We were asked to recommend methods for assessing 
the quality of research produced as a result of NSF 
support, and to suggest ways in which such assessments 
could help the agency improve its support of basic 
research. On the basis of our examination of the 
procedures of NSF's Chemistry Division, of methods of 
postperformance evaluation used by industry, private 
foundations, scientific journals, and other federal 
agencies, and of other methods employed in the field, we 
find that 

• Postperformance evaluation already occurs at NSF 
at the project level and at the program level, 
at least within the NSF Chemistry Division. 

• NSF fails to make clear to Congress the degree 
to which its operating procedures incorporate 
evaluations of past performance. 
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• No additional methods of postperformance 
evaluation that we know of will significantly 
improve the selection of individual projects. 

• Additional or improved strategies of postper
formance evaluation should concentrate on 
aggregate--for example, program--levels and on 
such issues as the allocation of resources among 
the subfields of a discipline and the support of 
y oung researchers. 

The last section of our report recommends seven 
further activities. We suggest that these activities 
could be carried out by NSF itself, perhaps assisted 
through consultants, grants, or contracts. If, however, 
NSF or the Academies prefer that the subcommittee carry 
out the first two activities--(!) examining two addition
al NSF divisions and (2) analyzing information pertinent 
to postperf ormance evaluation already available at NSF-
I believe it would do so, since that was originally 
expected of us. Alternatively , the subcommittee would 
he willing, I feel sure, to advise and consult with NSF 
as it carries out the additonal activities that we 
recommend. 

Sincerely y ours, 

QJ�il�' ' 
W. Allen Wallis 

Chairman 
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PREFACE 

This repor t presents the conclus ions of an explorator y 
s tudy of methods in the evaluation of bas ic research in 
sc ience . The study was mot ivated by Congress ional inter 
est dur ing the past few years in the way the National 
Sc ience Foundat ion (NSF) assesses the results of the 
research the agency has suppor ted . 

In 1980 , the Senate Committee on Appropr iation s  
d irected NSF • to secure a n  independent third party to 
develop a methodology for post-per formance evaluation o f  
scientific research endeavors • • • •  This study should 
str ive to ident ify the cr iter ia and the procedures 
required for implementing a successful post-per formance 
evaluat ion effor t•  (U . S .  Senate 1980b) . At the end of 
October 1980 , NSF asked the National Academy of Sciences 
to under take an exploratory study of methodology for 
postper formance evaluation of bas ic research . Ear ly in 
19 8 1  the Academy agreed to do so . 

The study was or ig inally intended to be carr ied out 
in two phases . The first or exploratory phase was des igned 
( i ) to review past and current attempts to evaluate com

pleted research J ( i i )  to assess promis ing approaches to 
evaluation , using NSF ' s  chemistry program as the initial 
substantive f ield for examining the feas ibility and 
utility of altern�t ive methods J and ( i i i )  ult imately 
to formulate the rationale and plan for a more deta iled 
analysis of some potent ially useful approaches to post
per formance evaluat ion . 

To car ry out the study , the Academy convened the 
Subcommittee on Postper formance Evaluation of Research , 
under the aeg is of its Committee on Science and Public 

x i  
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Policy , now the Committee on Sc ience , Eng ineer ing , and 
Publ ic Policy (COSEPUP) . The subcommittee is composed 
of scientists drawn from the natural sc iences (chemistry , 
phys ics , and biology ) , the soc ial sc iences ( economics 
and psychology) ,  and statistics . The members have had 
extens ive exper ience in manag ing research prograas in 
univers ities , industry , government , and foundations . 

At i ts first meeting , July 2 8-30 , 1981 , the sub
committee invited NSF off ic ials and Congress ional staff 
to d iscuss their expectations of the study . Dur ing the 
course of the study , it asked executives respons ible for 
the management of research in pr ivate industry how they 
assess bas ic research car r ied out in their  laborator iesr 
the ir responses are summar ized in Appendix A. Evaluation 
practices of several pr ivate foundations were also sur 
veyed . In addition , because editors of scientific jour
nals are called upon to j udge the quality of sc ience 
r epor ted in papers submitted for publ icat ion , informa
t ion was solicited from about a dozen ed itors about 
their  referee ing and selection procedures . A summary 
and analysi s  of the information and comaents provided by 
the editors are g iven in Append ix B .  Along with such spe
cially solicited information , the subcommittee reviewed 
earl ier postresearch evaluat ion stud ies of two types : 
formal assessments of a var iety of federally sponsored 
r esearch programs and examinations of some of the methods 
employed to evaluate research . Append ix C summar izes 
per tinent stud ies in both categor ies . 

Any new evaluation procedures will requir e 
expenditures of money , human resources , and t ime , plac
ing add itional burdens on the agency and on the scien
t if ic enterpr ise . With this in mind , we cons idered it 
important to f ind out how much relevant information i s  
already available within NSF and what use is being made 
of it . Accord ingly , several member s  of our subcommittee 
spent a day at the NSF Chemistry Divis ion , which had 
been selected by NSF for the in itial analysis of evalu
at ion methods . The subcommittee members reviewed awards , 
declinations , renewals , borderline cases , proposals from 

x i i  
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young invest igators ,  and exper imental renewal procedures 
based on research per formance dur ing preceding grant 
per iods . The members were br iefed on the Divis ion ' s  pro
cedures and on the activities of the Chemistry Advisory 
Committee , and they discussed with the staff the data 
ava ilable on the per formance of the Divis ion . Dur ing the 
vis i t ,  the evaluation respons ibi lities

· 
and stud ies carr ied 

out by the Off ice of Aud it and overs ight were also sum
mar ized for the subcommittee members . The results of th e 
v isit  are summar ized in Appendix D .  

Our find ing s  a s  to how postper formance evaluation 
of bas ic research should be approached are based on these 
var ious sources of informat ion and , more importantly , on 
our exper ience as researchers and research adminis
trators . This repor t ,  then , concludes the explorator y 
phase and provides the rat ionale and recommendat ions for 
some follow-on act ivities . The repor t has undergone 
careful review by the subcommittee ' s  parent group , the 
Committee on SC ience , Eng ineer ing ,  and Public Policy . 

The subcommittee is grateful for the ass istance it 
has received from NSF off ic ials-- in par t icular , Donald N .  
Langenberg , Deputy Director ' Jerome H .  Fregeau , Director , 
Off ice of Aud it and OVer s ight , and Harry J .  Piccar iello , 
Head , Evaluat ion Staff J and Richard s .  Nicholson , Director , 
Division of Chemistry , and his staff . The subcommittee 
a lso expresses i ts apprec iation to wallace Berger of the 
Senate Appropr iations Subcommittee on the Depar tment o f  
Hous ing and Urban Development and Independent Agenc ies , to 
Helen Gee of the National Institutes of Health , and to the 
Nat ional Research Council ' s  Commi ttee on Chemical Sc iences 
which provided suggest ions for a l isting of recent chemi
cal advances .  Spec ial thanks are due to the industr ial 
manager s and to the editors of chemistry journals whose 
thoughtful responses to our inquiry furnished impor tant 
documentat ion . (FOr names of the industr ial manager s and 
the ed itors who responded to our requests for information , 
see Append ixes A and B ,  respect ively . )  

x i i i  
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1 INTRODUCTION AND SUMMARY 

Basic research is per formed without 
thought of practical ends . It results in 
general knowledge and an understand ing of 
nature and i ts laws . This general knowledge 
provides the means of answer ing a large 
number of important practical problems , 
though i t  may not g ive a complete specific 
answer to any one of them. • • • 

One of the peculiar ities of bas ic 
science is the var iety of paths which lead 
to productive advance . Many of the mos t 
important d iscover ies have come as a result 
of exper iments undertaken with very different 
purposes in mind . Statistically it is  cer
ta in that important and highly useful dis
cover ies will result from some fraction of 
the undertak ings in basic science , but the 
r esults of any one par ticular investigat ion 
cannot be predicted with accuracy . 

So wrote vannevar Bush in his 1945 repor t ,  Science 
--The Endless Front ier . In i t ,  he argued persuas ively 
for the federal government to assume a major role in the 
suppor t of bas ic science . 

Dur ing the Second Wor ld War , government support of 
research and development had expanded from $69 mill ion 
in 1 940 to nearly $1 bill ion in 1945 , largely allocated 
by an unprecedented and unorthodox off ice , under Bush , 
for mobil i z ing science and technology in the war effor t .  

-1-
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On the bas is  of this exper ience , Bush proposed a national 
research foundation that would proaote and develop scien
t if ic research in the spir it of free inqu iry wh ile , at 
the same t ime , it would be respons ible to the pres ident 
and to the Congress for its programs . Soon after the 
Bush repor t was received by the pres ident and his 
advisers ,  leg islation was introduced to establish the 
proposed research foundation . Still , f ive year s elapsed , 
punctuated by a pres ident ial veto , before the National 
Sc ience Foundation (NSF) was establ ished in 1950 . 

The creat ion of NSF implied a comaitment to 
suppor t pure sc ience as the scient ists themselves wer e 
accustomed to conducting i t .  Bush h imself , despite his 
plea to enlarge bas ic sc ience greatly , had recognized 
that , in peace t ime , increased federal suppor t for 
research in univers ities and other nongovernmenta l 
organizations might engender conflicts between scien
tists , whose effectiveness benef its from independence , 
and legislators , who are accountable for the use of 
public funds . I t  became inevitable that in time , as NSF 
g rew and became progress ively more impor tant to the per
formance of sc ientific research , diff iculties would be 
encountered in cont inu ing the •bargain by which sc ien
tists would get suppor t for bas ic research wh ich govern
ment off ic ials would hope would lead to appl ied research 
and to useful developments • (Pr ice 1978 ) . 

Federal expend itures for basic science increased 
s ign if icantly and consistently unt i l  the late 1960 ' s , 
g rowing from $715 mill ion in 1960 to $2 . 3  bill ion in 
19 6 8 . S ince then , growth in cur rent dollars has con
t inued to near ly $6 billion in 198 1 ,  but in constant 
dollar s annual funding has remained near ly level for th e 
last f ive years (Nat ional Science Board 1981) . ( In terms 
of constant dollars , funding near ly tr ipled between 196 0 
and 1968 , but has increased by only 7 percent s ince then . ) 
The federal government ' s  share also has increased con
s iderably . In 1940 , it paid for only one-fifth of the 
nat ion ' s  basic research7 today , it pays for sl ightly 
more than two-th irds , with half of the funds suppor ting 
wor k in the nation ' s  univer sities . NSF has been a key 
factor in this growth . From 1963 to 1981 , its support 
of bas ic research grew from Sl41 million to $87 7 million 
i n  current dollars , or more than doubled in constant 
dollars .  

The Nat ional Science Board ( 19 81 ) , which governs 
the operat ion of NSF , recently called attention to the 
new tens ions aris ing in the per former-patron relat ionship, 
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which go beyond the debates about the adequacy of current 
or proposed fund ing levels to the output of bas ic science . 
•Many of the concerns regarding admin istrative require
ments and the ir impact on research per formance stem from 
increased pressures for greater accountability for publ ic 
resources , •  the Board states . In the past few year s the 
concerns have become manifest in extens ive t ime-keeping 
and cost-account ing procedures for university researcher s 
and inqu i r ies into the peer review systems for award ing 
research grants ( see Cole et al . 1978 , Staats 1979 , 
Nat ional Commiss ion on Research 1980 , Mac Lane 1980 , 
Wilson 1980 , Cole et al . 19 8 1 ,  and GAO 1981 ) .  

At the heart of the problem lies the fact that it 
is difficult , and often mis leading , to evaluate the out
comes of basic research in the shor t term . Yet , the 
Congress expects to know from year to year what it ha s 
been •buying , •  so that it can dec ide whether and at what 
levels to continue such suppor t .  Any use of publ ic money 
obl igates the user to account for i t .  

Since 197 8 , the Senate Committee on Appropr iat ion s 
h as been raising quest ions about postper formance evalua
tion of bas ic research dur ing the annual NSF appropria
t ions hear ings . In 1979 , the Committee requested NSF to 
develop •a coherent and effective system of postresearch 
evaluat ion • ( U . S .  Senate 1979 ) . There was an impor tant 
change in direction the following year . On the basis of 
discuss ions with scient ists and NSF ' s  mixed exper ience 
with some exploratory evaluations , the Senate Committee 
d id not call--as it had earlier--for the implementat ion 
of an evaluation system , but emphas ized the need to 
develop better methods for apprais ing NSF ' s  research 
funct ions before an evaluat ion system was des igned and 
used . The request in 1980 makes clear the Senate 
Committee ' s  intent that methods developed for postpe r 
formance evaluation serve two purposes : first , provide 
a continuing accounting of the outcomes of the research 
suppor ted by NSF , and , second , identify the factors that 
determine the productivity of bas ic research in order to 
improve the fund ing decisions made by the agency . In the 
Senate ' s  own words1 

The Committee remains convinced that 
postresearch evaluation effor ts are meaning 
f ul and impor tant . The Committee feels that 
post-per formance evaluat ion act ivities will 
provide the scientif ic commun ity and the NSF 
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with a better understanding of how successfu l 
sc ience is supported and per formed . An on
going examination of selected proj ects and 
r esearch programs is necessary in order to 
provide a clearer ins ight into what cr iter i a  
a re necessar.y for the most productive 
research . There are many subtle var iable s 
i n  this complex equation--the individual 
researcher , the var ious strengths of hi s 
or her inst itution ,  the or ig inality of the 
idea , the contr ibution to knowledge the 
r esearch makes , and others . The Comai ttee 
feels the need to determine wh ich factor s 
are of pr imary impor tance . 

As a result , the Comaittee d irects NS F 
to secure an independent third par ty to 
develop a methodology for post-per formanc e 
evaluation of scientific research endeavors . 
• • • This study should str ive to identify 
the cr iter ia and the procedures required for 
implementing a successful postper formance 
evaluation effort ( U . S .  Senate 1980b ) . 

From the point of view of NSF , it is clear wha t 
s hould result from the research the agency supports : 
gaining sc ient ific knowledge , training future researchers , 
increas ing research capac ity , and encourag ing scient ific 
collaborat ion . But how to measure the results i s  not so 
c lear . As vannevar Bush observed , scient ific research pays 
of f in the aggregate , but the contr ibutions of ind ividual 
projects are indeterminate . Bas ic research entails r isk 
of failure , and some payoffs may be far in the future . 
These cond it ions make it  difficult , i f  not impossible , to 
aeasure the outcomes of bas ic research objectively , accu
rately , or with certainty , especially in the short term . 
NSF , accord ingly , faces a d i lemma : While it has been 
d irected specif ically to evaluate sc ientific per formance , 
it  understands that the task is not only complex but , 
unless done with great care , may inhibit rather than 
promote the quality of bas ic research . 

Concerns for accountabil ity should concentrate , 
in the f irst instance , on the NSF peer review systea fo r 
evaluat ing proposals ,  which guides the agency ' s  core 
act ivity ,  that is , mak ing dec is ions about what proposed 
r esearch projects to fund . A recent f ive-year Nat ional 
Academy of Sc iences study (Cole et al . 197 8 , 19 8 1 )  found 
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the system to be operating fair ly ,  with grants be ing 
awarded in accordance with the best j udgments of the 
sc ient ific commun ity as to the sc ient ific promise of th e 
work to be per formed . Nonetheless , accountability also 
requires ser ious attention to the quality of completed 
work . Chapter 2 of our repor t caut ions , however , that 
cr iter ia for evaluat ing research outputs must not inad
ver tently d iscourage the intellectual creat ivity and 
r isk-tak ing that are a s ine gua non for achieving major  
advances in scient ific knowledge . Such cr iteria must 
recognize that uncertainty properly character izes the 
typical proposal ,  that there are mult iple outcomes of 
research , that both pos it ive and negative results ar e 
usefu l ,  and that there may not be agreement about the 
s ign if icance of new knowledge . Measures of value must 
a lso recognize that research fosters important benefits 
in the training of the next generation of scientists and 
the development of inst itut ions of excellence . 

Al l  of this suggests the diff iculty of identifying 
h ard and fast pred ictors or ind ices of successful bas ic 
research , and hence , of def ining cr iteria for measur ing 
i ts outcomes . Furthermore ,  to the extent that one seeks 
clues in the assessment of results for improving futur e 
proposal review , the problem is  compounded by the fact 
that results are sometimes not appreciated until  many 
years have passed . 

Having set forth the problems assoc iated with 
evaluating sc ience in Chapter 2 ,  we turn , in Chapter 3 ,  
to a cons iderat ion of some methods of evaluation and the 
promise they may offer as useful and rel iable tools fo r 
postresearch evaluation by NSF . 

The most important method is peer j udgment .  Pee r 
j udgments permeate the scient i f ic endeavor . They are the 
foundation of vir tually all decis ions that affect who 
will learn , who will teach , who will advance , who will 
per form research , and what results will be published and 
later used . At NSF , peer advice is used to evaluate pro
posals and to oversee the functioning of the research 
support units . We found that , at least in the Chemistry 
Divis ion , a very high proport ion of NSF-suppor ted inves
t igators submit renewal proposals to continue the ir 
research effor ts . I t  follows that , to the extent tha t 
the per former and the per formance under pr ior grants is 
assessed by the reviewers of renewal proposals , the pee r 
r eview system provides a bui lt- in means for the postper
formance evaluation of proj ects . (Cole et al . 19 78 , did 
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not f ind a high correlat ion between grants awarded and 
an invest igator ' s  • track record • as measured by publ ica
t ion and citation counts . However ,  the Cole brothers 
and the ir co-workers used data from proposals reviewed 
in 19747 since then , NSF gu idelines have put increased 
emphasis on the importance of an investigator ' s  recent 
per formance . )  Beyond information der ived from the review 
process , evaluat ive informat ion pert inent to postperfor
mance accountability is also available from the peer 
advisory committees that oversee division procedures and 
from NSF ' s  other analytical and reporting activities . 

Evaluation methods commonly employed to assess 
the results of bas ic research in other organ izations , 
both in government and in industry , vary from NSF pro
cedures mainly in detail . Peer j udgment is the key 
method used . Other methods are used from t ime to t ime 
to cor roborate the assessments made through the use of 
peer ratings . 

One such method , bibliometr ic analys is , involves 
the counting of articles published by researchers and 
the number of subsequent c itations to the ir work by 
other scientists--an approach that aims to summarize 
qualitat ive peer j udgments in a quantitative way . Use 
of the technique as a supplementary tool for evaluation 
has been attempted by NSF to evaluate its oceanography 
program ,  and by the Rand Corporat ion to evaluate bio
med ical research programs of the Nat ional Institutes of 
Health (NIH ) . A var iety of l imitat ions leaves the 
utility of such techn iques in doubt , par t icularly for 
assess ing the productivity of individuals . Bibliometr i c  
measures are best used when the groups be ing assessed 
are large and comparable to each other , and when the 
measures serve the aux iliary funct ion of strengthening 
conf idence in peer j udgment .  

Case stud ies about scient ific d iscover ies have 
provided interest ing ins ights into the social , histor i 
cal , and intellectual factors that affect the research 
process . A few add itional case studies may shed furthe r 
l ight on how research productivity might be improved , 
although we doubt that analys is of past scientific 
activit ies can be very helpful in assess ing proposed 
research . S ince case studies are costly , the i r  use i s  
l ikely to remain l imited . Moreover , case studies are 
of ten protracted . Hence , they offer l ittle practical 
assistance in the shor t-term evaluat ion of research 
outcomes . 
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Retrospective analyses such as NSF ' s  T . R.A.C . E . S . 
( for Technology in Retrospect and Critical Events in 
Sc ience , Illinois Institute of Technology 1968 ) are a 
useful means for est imat ing the contr ibut ion of ear l ier 
d iscover ies to s ignif icant advances and appl ications-
whether or ig inally foreseen or not . But this technique , 
l ike the more intens ive case studies , cannot yield ••••••
menta of the quality and contr ibut ion of research in the 
short run and thus are not helpful to the program manage r 
in mak ing funding dec isions . Retrospect ive analysis  
would be useful in assess ing the extent to which the 
r esearch supported by , say , NSF a decade or more ago led 
to important sc ientif ic developments . 

An evaluation method worthy of fur ther cons idera
tion i s  prospect ive analysis-- i . e . , planning in advanc e 
how to evaluate the consequences of the agency ' s  experi
ments in funding and review procedures . Por example , i t  
would be useful to learn to what degree the Chemistry 
Divis ion ' s  exper imental procedures (descr ibed below ) fo r 
the handling of renewal requests improve the effect iveness 
of its decis ions . 

As a result of our explorat ion of the general 
problem of evaluating research , the suitability of 
var ious evaluation methods and strateg ies , and the pro
cedures now employed by NSF ' s  Chemistry Division , we 
r eached a number of preliminary conclusions , some of 
wh ich suggest further steps for mor e detailed cons idera
t ion of postper formance evaluation . These will be found 
in Chapter 4 .  

In the context of this  study , we believe that 
methods for postper formance evaluation must serve two 
purposes : to improve NSF ' s  j udgments in suppor ting h igh 
qual ity sc ience and to provide a basis for demonstrating 
the quality of i ts stewardship of publ ic funds . These 
two purposes should be served by means that are mutually 
reinforc ing . This can best be accomplished by adapt ing 
and us ing for postper formance evaluation those proce
dures already employed in the suppor t of research , so as 
to avoid wasteful and duplicative effor t .  

The assessment o f  NSF ' s  per formance must proceed 
from the premise that the key to the agency ' s  success in 
fostering research of h igh quality is its management of 
external peer review of ind iv idual research proposals . 
Moreover , the review of the progress and results of 
funded research in the course of assess ing renewal pro
posals is  the best opportunity available to NSF for 
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systematic and comprehensive postperformance evaluat ion 
of individual proj ects . We know of no add itional method 
of postper formance evaluation that is likely to improve 
s ign if icantly the process of selecting individual 
proj ects for funding . 

Th is conclus ion is  based on our observat ions of 
management and cur rent review procedures of the Chemistr y 
Divi s ion . Any follow-up of this exploratory study should 
establ ish whether the Chemistry Divis ion is character istic 
of the agency as a whole . I t  also would be valuable to 
examine ways in wh ich the postper formance evaluations 
implicit in renewal reviews and the var ious overs ight 
act ivit ies , as well as ongoing management exper iments , 
could be better articulated and more clearly communicated . 

We believe that postper formance evaluation could 
be used more effectively in improving decisions about 
the allocation of resources among fields and subf ields 
of  science . The potential for evaluat ions of this type 
at the program and division levels has not yet been ade
quately realized . Accord ingly , we make some recommenda
tions for explor ing additional sources of evaluation , 
possibly with repor ts going to the d irector and ass istant 
directors ,  that will be concerned with quest ions of allo
cations , the relative strengths and weaknesses of var ious 
f ields and subf ields of scient ific inqu iry , and the ade
quacy of attent ion paid to other NSF goals , such as 
foster ing the continued vital ity and strength of scienc e 
through the support of creative young researchers . I t  
is o n  these aspects of NSF per formance that a follow-on 
to this exploratory study should concentrate . We believe 
that evaluations at the leve l of allocat ions to programs 
and d ivisions will y ield more s igni f icant results for NSF 
management than additional evaluations at the project 
selection level . 

To be most useful , performance evaluat ion should 
be integrated into the management structure of NSF . 
Evaluat ion act ivities should involve both the affected 
program off ices and the NSF evaluat ion and analysi s  
s taffs . The necessary condit ion for effect ive evalua
tion is a capable internal staff augmented by externa l 
advisory committees and contractors .  
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2 PROBLEMS IN 
EVALUATING BASIC RESEARCH 

In cons ider ing the results of bas ic research , the 
standards wh ich should be used in evaluating it , and th e 
uses to which evaluat ions could be put ,  ser ious diffi
culties arise from cer ta in inherent characteristics of 
such research : its uncertaint ies , ita mult iple 
consequences , its cumulat ive nature , and its transfer 
ability .  Paradox ically , it is these very characteris
tics that provide the argument for public suppor t of 
science , because they make bas ic research a h igh-r isk 
investment ,  and it is  not li kely that pr ivate par ties 
can capture the benef its . 

Uncer tainty in Researc h 

Lewis Thomas ( 1974 ) has caught the essence of what 
distingu ishes bas ic research from appl ied researcha 

Surpr ise is what makes the difference . 
When you are organ ized to apply knowledge , 
set up targets , produce a usable produc t ,  you 
require a high degree of cer tainty from the 
outset . All the facts on which you base 
protocols must be reasonably hard facts with 
unambiguous meaning . The challenge is  to 
plan the wor k and organize the workers so 
that i t  will come out prec isely as predicted . 
For this , you need centralized author ity ,  
e laborately detai led t ime schedules , and 
some sor t of reward system baaed on speed 
and per fect ion . But most of all you need 

- 9 -
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the intelligible bas ic facts to begin with , 
and these must come from basic research . 
There is no other source . 

In basic research , everything is j ust 
the oppos ite . What you need at the outset 
is a high degree of uncertainty , otherwise 
it isn ' t  l ikely to be an impor tant problem . 
You star t with an incomplete roster of facts , 
character i zed by their  ambiguity J  often the 
problem cons ists of discover ing the connec
tions between unrelated pieces of informa
t ion . You must plan exper iments on the basis 
of probability ,  even bare poss ibility ,  rathe r 
than certainty . I f  an exper iment turns out 
prec isely as pred icted , this  can be very 
n ice , but it is only a great event if at the 
same t ime it is a surpr ise . You can measure 
the qual ity of the work by the intens ity of 
astonishment . The surpr ise can be because 
i t  d id turn out as as predicted ( in some 
lines of research , 1 percent is accepted a s  
a h igh yield ) , o r  it can be confoundment 
because the pred iction was wrong and some
thing totally unexpected turned up , chang ing 
the look of the problem and requ i r ing a new 
k ind of protocol . Either way , you win . 

The uncertainty attached to doing basic researc h 
makes i t  particularly difficult to predict results or to 
ass ign values to them in a common metr ic . Evidence on 
the degree to which the outcomes of bas ic research are 
unpred ictable comes from a retrospective study of s ig
n i f icant advances in four d isc iplines from 1950 to 1976 
(Kruytbosch 1978 , see also Appendix C ) . Of the 6 5 
advances examined , 37 (S9 percent ) resulted from grants 
for which the proposals did not mention the advance as a 
spec i f ic goal of the research , though for 26 of the 37 
the advance was in the same general area as that of the 
proposed research . It  is the d ifficulty of pred icting 
ou tcomes that makes inadvisable any method of postper 
formance evaluat ion in which individuals awarded research 
grants are held accountable for achieving the spec ific 
goals set for th in the proposal . The General Accounting 
Off ice (GAO 198 1 ) , in repor ting its study of renewal pro
cedures at NSF and NIH , noted that the reviewers and 
agency administrator s it interviewed were not concerned 
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about the failure of most researchers to accomplish al l 
of  the objectives set for th in the or ig inal proposals 
because they recognized that the actual results are more 
impor tant . Though GAO d id recommend to NSF that it 
require appl icants for renewal grants to restate the 
spec ific a ims and overall obj ect ive of the preced ing 
grant , it d id so to enable reviewers to determine 
whether the proposed research had been attempted and not 
for the purpose of scor ing the appl icant on progress 
made toward spec i f ic goals . 

Not only is there uncertainty about forecasting 
outcomes in bas ic research , there is  also l ittle agree
ment on the factors that influence outcomes or on the 
under lying events that may lead to success or failure . 
Because basic research is a h ighly uncertain and poorly 
understood process , it may be des irable to encourage with 
publ ic funds those projects whose results are most diffi
cult to predict . Thus , if  the number of projects funded 
that achieve the ir init ial obj ectives is very h igh , it 
may mean that the suppor t strateg ies were too conserva
t ive . The demand that federally suppor ted research 
proj ects achieve narrowly stated obj ectives is not only 
antithet ical to the j ustif ication for public spending on 
them , it also can be counterproductive to the promotion 
of research of h igh quality and s ign if icance . 

Mult iple Outcomes of Research 

The most obvious result of bas ic research is some 
contr ibution to scient ific knowledge , but research may 
also y ield education and training of future researchers , 
institutional benef its , and increased communicat ion 
among sc ientists . Most postper formance evaluations have 
attempted to assess knowledge-related outcomes . The 
u sual approach has been to j udge through peer review the 
qual ity of the contr ibution , which may cons ist of amended 
theor ies , empir ical f ind ings , or improved techniques and 
methods . Another approach has been to link advances i n  
knowledge to economically or soc ially valuable appl ica
t ions . Since research results usually appear in pub
l ished form , still another procedure for establishing 
impact has been to count publ ications resulting from 
r esearch efforts or c itat ions to them . A second outcome 
of research projects , par t icular ly those car r ied out i n  
univers ities and other educat ional settings , is  the 
benefits der ived from the training of young sc ient ists , 
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usually at the graduate or postdoctoral level . As Z ima n  
( 1968 ) points out , young scient ists who have opportunities 
to wor k closely with establ ished researchers--and the top 
researchers in particular --learn not only procedures and 
techniques but also how to ident ify sc ientif ically impor 
tant problems and design research programs to solve them . 
Th i rd , the organization that houses a research proj ect 
a lso benefits by increasing its skill in doing and manag
ing research . A proj ect may br ing together researcher s 
to work on a problem of common interest'  the researchers 
develop techniques , resources , and substantive knowledge ,  
which , over time , enhance the research capabilities of 
the organization and of other organ izations that the 
r esearchers may subsequently join . ( See , for example , 
the account by Edge and Mulkay 197 6  of the development o f  
rad io astronomy i n  Br itain . ) Hence , science a s  a whole 
benef its . A fourth consequence of doing research is the 
effect on networks of communicat ion among scient ists 
(Crane 197 2 ) , which may be reinforced or attenuated by 
the involvement of spec ific individuals in a particular 
research proj ect , with subsequent long-term impl ications 
for patterns of scientific collaboration . 

That research efforts usually have multiple and 
noncomparable outcomes suggests that no s ingle measure 
can fully reflect the output of a set of bas ic sc ience 
proj ects . Different methods of evaluat ion may have to be 
devised for different purposes . At the very least ,  i t  
means that evaluat ion should not focus t oo  nar rowly upon 
one measure of research output in a manner that i s  detr i
mental to other beneficial aspects of sc ient i f ic act ivity . 

A danger we recognize is that measures of 
per formance can become self-fulfilling criter ia that 
researcher s attempt to sat isfy , leading them to deempha
s ize other impor tant (but non-evaluated ) aspects of the ir 
work . For example , it seems likely that us ing publ ication 
counts as the princ ipal measure of productivity creates 
an incent ive for the invest igator to publish results a s  
soon as poss ible , even prematurely , and to produce many 
shor t papers , or to neglect the training of graduate 
s tudents . Such a criter ion ,  if used by a fund ing agency , 
might also discourage h ighly or ig inal proposals that ar e 
l ikely to carry a relat ively greater r isk of failure or 
that are in f ields at the vanguard , where there is les s 
l i kel ihood for many near-term citat ions . 

Sometimes , in the course of scient ific research , 
the results are negat ive . Negat ive results can be valu
able because they may show that certain modes of research , 
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certain techn iques , or certain hypotheses are not useful . 
S ir Kar l Popper has argued in his book ,  The Lcgic of 
Sc ienti f ic Discovery ( 19 59 ) , that there are no absolute 
or proven theor ies in physics , say , or mathematics , only 
those that have not yet been disproven (or , as he puts 
i t ,  • fals i fied • ) , suggest ing that often the most interest
ing results are those that demonstrate something to be 
false which had previously appeared to be true . The bene
f its of negat ive results lie in chang ing the direct ion of 
research to other , more promis ing endeavors ,  and in saving 
time , effor t ,  and money by avoid ing blind alleys . A 
famous example of negative results chang ing the d irection 
of research comes from phys ics . In 1956 Lee and Yang 
quest ioned , at least for weak nuclear interactions , the 
concept of conservation of par ity , wh ich held that nature 
detected no difference between r ight and left for the 
cur ious behavior of atomic particles . Only a few month s 
after Lee and Yang reached this  revolutionary conclusion , 
three teams of exper imenter s  in different u . s . labora
tor ies showed that , indeed , the • law• of par ity d id not 
hold , and in 1957 Lee and Yang shared the Nobel Pr ize in 
phys ics (Mor r i son 1957 ) . 

A notor ious example of a •bl ind alley •  was research 
on •polywater . •  In the 1960 ' s ,  Soviet chemists announced 
that when d istilled water vapor was allowed to condense it 
acqu ired a polymer ic molecular structure with formidable 
propert ies : Be ing superdense , polywater froze and boiled 
at abnormal temperatures , and some sc ient ists even warned 
that it might transform ordinary water to j elly and make 
our planet uninhabitable . Skeptical but never theless con
cerned about the impl icat ions , u . s .  agenc ies suppor ted 
research on polywater by many h ighly regarded chemists . 
By the early 1970 ' s ,  the quest for polywater ebbed as it  
became clear that polywater was nothing more than dirty 
water , contaminated by s i licon leached from the g lass or 
quartz tubes and pipes used during exper iments ( Frank s 
1 9 8 1 ) . 

The Cumulative Nature of Science 

•All science is the search for un ity in hidde n 
l ikenesses , •  wrote Bronowski  ( 1956 ) . •The search may 
be on a grand scale as in the modern theor ies wh ich tr y 
to l ink the f ields of gravitat ion to electromagnetism 
[ though ) there are discover ies to be made by snatch ing a 
small l ikeness from the air too i f  it is bold enough . •  
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Scienti f ic research is  necessar ily connective . 
Most user s of the results of bas ic research are invar i
ably other sc ientists . The whole enterpr ise does not 
take on a value unless there is a collaborative patter n 
of research outcomes that can then be collected and 
appl ied to a related or more compl icated problem .  There
fore , i f  basic research is  evaluated proj ect by project 
as results become available , the apparent •wor th • of eac h 
proj ect could be zero , even though the value of the whole 
pattern of activity might be enormous . Contemporary 
est imates are often difficult to agree on--and somet imes 
wrong . Sad i Carnot ' s  fundamental paper on thermodynamics ,  
appear ing in 1824 , was not recogn ized as impor tant unti l  
1834 , and then only by one sc ientist , Emile Clapeyron J 
after that it took another decade before carnot ' s  work 
was apprec iated , largely through William Thomson ' s 
research (Holton 1978 ) . Similarly , Yukawa suggested in 
19 3 5  that atomic nucle i  were held together by • forces • 
l ike photons of ordinary electromagnetic forces . The 
next year Ander son d iscovered a new subatomic part icle , 
the meson , but it did not interact with atomic nucle i  as 
Yukawa had predicted . It was not unti l  1947 that Powel l 
found a heavier particle , the pi-meson , which met all of 
Yukawa ' s  requirements (Yang 19 6 1 ) . 

The true •revolutions • in sc ienti f ic research are 
few and far between . Much of sc ience consists of testing 
ref inements of theor ies , provid ing addit ional data , explor
ing new avenues that may not prove productive . But such 
• normal • sc ience ( Kuhn 1970 ) , or the filling in of deta i l, 
often provides the basis for research breakthroughs . The 
impl icat ion of this is  that routine research--which con
stitutes the activities of most sc ientists--requires 
evaluation in the broader , cumulat ive context . 

Since the ult imate impor tance of a piece of wor k 
may not be understood or apprec iated unt il  it can be 
f itted into a broader corpus of wor k developed subse
quently or unt il more sophist icated instrumentat ion 
becomes ava ilable , its potent ial for opening up new line a  
o f  inqu iry or for pract ical applicat ion may not be 
realized for years . Cons ider the case of the 198 1  Nobe l 
prize in chemistry awarded to Fuku i and Hoffmann . Fukui 
first published his frontier molecular orbital theory of 
chemical reactivity in 1954 , at a t ime when most theoret
ical chemists doubted that reactivity could be reduced to 
anyth ing so s imple . Not unt il 1964 when Hoffmann (with 
Woodward) independently developed and formulated the i r  
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molecular orbital theory in such a way that it  could be 
d irectly utilized by exper imentalists d id it achieve wide
spread recogn ition (Stre itwieser 1981) . Comroe ( 1977 ) 
g ives a number of examples of potential applications in 
the biomed ical area that were long unrecognized , such as 
the development of sulfa drugs . 

Thus , the quality and s ign if icance of sc ienti f i c  
wor k cannot always o r  even usually b e  est imated with 
certainty r ight away . Th is has impl ications for postper 
formance evaluat ion . The three-year per iod that has been 
used in some previous attempts to evaluate research out
comes will often be much too shor t .  I t  might , in fac t ,  
b e  harmful to use only a three-year per iod--harmful to th e 
extent that it may encourage agency offic ials to favor 
• safe • proj ects that promise qu ick ,  publishable results 
and to reject •off-beat • or • long-shot • proj ects that do 
not fit accepted parad igms in the f ield . 

Transfer of Knowledge 

There is one more d imens ion of bas ic research tha t 
makes i t  difficult to ass ign values . Knowledge itself is 
transferable , and most basic research knowledge is freely 
transferable with in the scientific community . A dramatic 
example comes from the f ield of atomic energy . Dur ing 
Chr istmas 1938 , Otto Fr isch , a young phys ic ist , visited 
Sweden to stay with his aunt , Lise Me itner , who had j ust 
received a letter from her former colleague , Otto Hahn . 
From this letter , Fr isch learned that Hahn and Strassmann 
had split  the uranium atom by neutron bombardment at 
Germany ' s  Kaiser Wilhelm Inst itute of Chemistry . Whe n 
Fr isch returned to his laboratory in Denmark , he informed 
Niels Bohr , who was embark ing for the un ited States to 
speak to the Amer ican Physical Soc iety . so , by a chance 
ser ies of c ircumstances , u . s .  sc ientists learned of Hahn ' s  
wor k and its explos ive implicat ions in January 1939 . 
Within days of Bohr ' s  address , Hahn ' s  exper iment wa s 
r epeated at Columbia University ,  the Johns Hopk ins 
Univers i ty ,  and the Un iversity of Cal ifornia (Clark 196 1 ) . 

Thus , even before knowledge enters the public 
domain , the practitioners of a spec ialty are often 
informally made aware of new d iscover ies , methods , and 
data , in order that they might evaluate the s ignif icance . 
Bound together by shared interests and goals , they ensure 
the accuracy and quality of what eventually appear s in 
the journals J in return , they may utilize the information 

Copyright © National Academy of Sciences. All rights reserved.

Quality of Research in Science:  Methods for Postperformance Evaluation in the National Science Foundation
http://www.nap.edu/catalog.php?record_id=19536

http://www.nap.edu/catalog.php?record_id=19536


- 16 -

to gu ide the course of their  own research with or without 
public acknowledgement of the influence . Knowledge trans
m itted through pr ivate and informal channels cannot be 
tr aced eas ily .  

Once knowledge enters the publ ic domain through 
publicat ion in a sc ient ific journal , there is no way of 
knowing for certain who uses it or how it is being used , 
except for speci f ic references in subsequent work . The 
indirect impact on the thought and imag ination of other 
sc ientists is not easi ly establ ished . In consequence , i t  
i s  often difficult for anyone outs ide the spec ific com
mun ity to determine the impl icat ions of new knowledge 
about theor ies , processes , and techn iques .  Part icular ly 
in the case of negative results , i f  someone has discovered 
that a techn ique will not wor k  or that a chemical process 
is  not feas ible without expens ive apparatus , and such 
knowledge enter s the publ ic domain , the benef its of that 
knowledge accrue to those who no longer spend time on 
marg inal l ines of research . S ince the knowledge is 
avai lable to all , its use cannot be traced and its 
benefits cannot be indexed . 

Improv ing the Proces s 

Given some of the character ist ics of basic 
research j ust discussed , the expectat ion tha t cer ta i n  
--espec ially quant itat ive--techn iques for postper formance 
evaluat ion can be used to improve s ign if icantly the pro
cess of publ ic suppor t of research and increase sc ient i f ic 
productiv ity is  likely to be unfulfilled . The expectat ion 
is based on a mechan istic input-output model , which 
largely sets as ide the context that sur rounds research . 
Such a model can produce informat ion on the outcomes of a 
process , provided these can be assigned values , and val id 
and reliable measures for the values are available . But 
as noted , ne ither of these provis ions holds for bas ic 
research . Moreover , such input-output models do not 
i lluminate the research process . The measurement of 
output alone (even if  it could be accomplished ) will 
hardly add much to ex ist ing not ions abou t factor s tha t 
tend to make for success , such as the track record of the 
ind iv idual , institut ional capability ,  or ig inal ity of 
proposed research , and soundness of method . 

Because of the uncer ta inty surround ing the researc h 
process , models do not ex ist that are suffic iently detai led 
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to allow testable inferences about how scientific  
productivity might be  increased . In summar i z ing the avail
able stud ies on the process of research and development 
( R&D) , Plott ( 1974 ) notes : •xt is our opin ion that in the 

areas we have reviewed [ including R&D management , structure 
of decision mak ing in R&D , cost-benefit and production 
functions , and screen ing and committee processes) there i s  
a g reat need for bas ic theoret ical and exper imental wor k • 

• The preponderance of wr itten works provide anecdotes 
and ad hoc theor ies . There exists a plethora of opinions 
but the instances of integrated theor ies , replicable 
resu lts and prec isely formulated models are very sparse 
indeed . •  Br inging all this  together would entail a 
research program beyond the capac ity of our subcommittee . 
And , as has been amply demonstrated in the attempts to 
evaluate other types of complex human activity--teaching 
and learn ing , for example--unless the process is under
s tood , evaluat ion of outcomes produces little that is 
useful in mak ing such a process more productive . 
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3 METHODS OF EVALUATION 

AS sess ing research requires an understanding of the inner 
log ic of what is going on in any particular piece of 
research and how it f its into a larger pattern within a 
field or specialty . Therefore , val id methods for judg ing 
r esearch outcomes depend , e i ther directly or indirectly , 
on the j udgments of other scientists who are active in 
the f ield . In this section , we describe the var ious 
obj ective and subject ive methods that have been used in 
deciding on the value of sc ienti f ic work . Wh ile the 
Congress ional request deals with the evaluation of 
research after it  is  completed , i . e . , postperformance 
evaluation , the methods and criter ia appropr iate for 
this purpose are related to the evaluation of proposed 
research . In each case , past research per formance and 
results are impor tant , relationship of proposed or com
pleted wor k  to other wor k  in the f ield is another cri
ter ion . In particular , the critical appraisal of peers 
serves as an evaluation of both newly proposed and 
completed research . 

Peer Judgment 

Peer j udgment permeates the scientific endeavor . 
It determines the course of a sc ienti f ic career--entry 
into a doctoral prograa and award of the degree , appoint
ment to a faculty or other profess ional status , granting 
of tenure , and r ank ing within a f ield . Peer review 
determines the allocation of funds that will be aade to 
scientists and to areas of research . Results are publ ished 
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or not on the bas is of peer j udgments . Even the standing 
of research institutions depends on the perception of 
scient ific peers . 

Scientists are constantly mak ing j udgments of the 
iaportance and quality of research . The judgments become 
evident in decis ions about continu ing or l imiting a 
particular line of scientific work . Through this exer 
c ise by scientists o f  their own author ity over each 
othe r (Polany i 1962 ) ,  science regulates itself . This 
self-regulat ing process takes place at many di fferent 
levels and in many different places , and it involves 
many d i fferent people . In this respect , peer j udgment 
is plural istic , decentral ized , and pervasive . 

When expl icit j udgments are necessary--in edit ing 
journals , say , or in appointing or promoting scientists 
within organizations--formalized processes of peer review 
are used . Such processes play a large part in the opera
t ions of the government agenc ies that support bas ic 
research . Peer review is  used to evaluate individual 
proposals J peers advise on research pr ior ities and 
programs and often help steer an agency l ike the NSF .  

Th e  Use o f  Peer Judgment a t  NSF 

Since NSF is an integral par t  of sc ientific 
r esearch in this country , peer advice is central to i ts 
operation , management ,  and staff ing . Expl ici tly , how
ever , there are three internal uses of peer j udgment 
that bear directly on postper formance evaluation : pro
posal review , espec ially the review of renewal proposals , 
advisory committees that oversee each divis ion , and spe
c ial stud ies carr ied out by the evaluat ion and pol icy 
analys is units of NSF . There are also external peer 
j udgments of the research produced with NSF suppor t that 
are made qu ite apart from the agency and its advisors . 

Proposal Rev iew . The most important funct ion 
car r ied out by NSF, the fund ing of ind ividual research 
proposals , rel ies sol idly on peer review by outside 
researchers . Procedures vary within the agency . The 
most frequently used method is to sol icit opinions by 
mail from scient ists who are actively engaged in the 
area .  A standard form and instruct ions are sent to 
reviewers , together with the proposal and relevant 
publ ications , and they are asked to rate the proposal 
and wr ite an assessment .  Some d ivis ions use panels of 
experts who meet as a group to make recommendations , 
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s t ill others use a combinat ion of ma il and panel review .  
NSF program offic ials have soae latitude i n  aak ing 
decisions , but peer j udgment appears to we igh heavily .  
Cole e t  al . (1981 ) state about the peer-review process 
a t  NSF:  •There is a h igh correlation between reviewer 
r at ings and grants aade • • • • The scores g iven pro
posals by reviewers were the most important factor in 
funding decis ions . •  Generally speak ing , proposals rated 
as •excellent • ( 5 )  or •very good •  ( 4 )  are awarded fund
ing ,  those rated lower are not . The fact that proposals 
are reviewed probably leads to a self-screening by appl i 
cants , helping t o  increase the quality o f  proposals 
rece ived by NSF .  

A large proportion o f  proposals rece ived by NSF 
cons ists of renewal requests--that is , proposals for 
work that is to follow research performed under a 
cur rent grant . NSF program officials estimate tha t 
r enewals are sought by more than 90 percent of the 
invest igator s hold ing grants ( U . S .  Senate 1980a ) . In 
the Chemistry Divis ion , the percentage is sl ightly 
higher (see Appendix D) .  Th is divis ion receives between 
8 25 and 850 proposals each year and awards 325 to 350 
grants (excluding second- and th ird-year fund ing of pre
v iously awarded three-year grants ) J three of every four 
of these g rants are renewals . Thus , insofar as NSF pro
g ram offic ials stress previous research achieveaent as 
one cr iter ion for judg ing the quality of all proposals , 
the peer review of renewal proposals serves as one impor
tant means of postper formance evaluat ion . Kruskal (1975 ) 
points out , however , that cons ider ing only renewal pro
posals omits the poss ibility of evaluat ing work that 
r esulted from proposals not funded by NSF or work that 
did not lead to a renewal proposal . 

In a recent study of 50 NSF and 25 NIH bas ic 
research grants , GAO (1981 ) cr iticized NSF on the ground 
that direct evidence of progress on the preceding grant 
did not play a suffic ient role in the evaluation of 
r enewal proposals ( see Appendix C ) . Similarly , both of 
the studies by Cole et al . (1978 , 1981 ) found low corre
lations between NSF reviewers ' scores and b ibliomet
r ically der ived measures of the past productivity of 
investigators .  By contrast--and perhaps because of the 
recent changes in NSF gu idel ines emphasiz ing previous 
research per formance--we found that reviewers more often 
than not discuss an investigator ' s  record in some deta il , 
although they do not always use the separate space 
provided for th is purpose on review forms . Prom ou r 
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inspection of a number of Chemistry Divis ion folder s 
illustrating d i fferent categor ies of proposals and fund
ing actions (see Append ix D) , it is apparent that the 
decl ining productivity of an investigator baa led on 
occas ion to the rej ect ion of a renewal proposal--even in 
the case of eminent and former ly product ive researchers . 

The NSP chemistry programs illustrate some of 
the difficulty of seek ing poatper formance evaluation of 
accompl ishments achieved under previous NSP grants . Pre
quently , chemists who are awarded NSP grants have more 
than a s ingle source of f inancial support from , say , NIH 
or another federal agency . The investigator ' s  per for
mance on any one grant benefits from his total research 
e f fort , and reviewers will f ind it difficult to separate 
the outcomes that flow from different but related 
proj ects . It is likely that moat reviewers impl icitly 
evaluate the complete record of recent accompl ishments 
of an applicant rather than focus on the pieces of the 
research supported by NSP . 

NSP is  exper imenting with renewal procedures 
that put even more stress on prev ious productivity .  
• Accomplishment-based renewal•  procedures , an option 
open to all NSP chemistry grantees , allow the investi 
gator to submit a four-page proposal ( instead of the 
usual 15 pages )  accompanied by selected repr ints and a 
l ist of all publ ications produced dur ing the preceding 
grant per iod . For now , th is optional renewal procedur e 
i s  l imited to the Chemistry Divis ion . A second alterna
t ive , the •creativity extens ion , •  is restr icted to 10 
percent of grantees elig ible for renewals in any one 
year . Program off icials select highly creative and 
product ive grantees who are awarded two-year extens ions 
of thei r  exist ing three-year grants , wi thout need ing to 
submit renewal proposals . Each of the alternatives can 
be implemented for only one renewal cycle and must be 
followed in the next cycle by a standard proposal and an 
external peer review , if the grantee wants fur ther 
f und ing from NSP . 

Advisory Committees . Peer advisory commi ttees , 
generally meeting twice a year , have been used for some 
t ime by the NSP d ivis ions to provide advice to the staff 
on s ignif icant developments in the f ield . Since 1979 , 
the advisory committees also have been charged with 
reviewing divis ion and program operat ions in very spe
c ific ways (NSP 1 979) . Each commi ttee is required to 
repor t at leas t every th ree years on the function ing of 
the proposal review process r on the balance among 
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programs within a divis ion as to size and number of 
awards , subj ect matter , and age and geographic d istr i
bution of pr inc ipal investigator s r  and on the question 
of whether the program is aeeting NSP obj ectives . The 
most recent repor t of the Advisory Committee for the 
Chemistry Divis ion (NSP 1980b) is particularly detailed . 
It is  based on three days of review by some 30 outs ide 
experts ( see Cheaical and Engineer ing News 1980 ) .  Accord
ing to program officials , recommendations in the repor t 
led to soae redistr ibution of funds among the cheaistry 
prograas in the Div is ion . 

The task of the Advisory committee was undoubtedly 
aided by the deta iled statistics that the Cheaistry Divi
s ion coapiles on its  operations . Our selective scanning 
of less detailed repor ts by the advisory committees for 
some other NSP d ivis ions has aade us aware that this 
per formance review procedure i s  highly var iable in the 
amount of information it produces . 

Occasional Studies . Prom time to time , NSP 
carr ies out or contracts for spec ial studies that are 
concerned with outcoaes or consequences of research 
supported by the agency . Most of these s tudies use peer 
j udgment to evaluate the quality of the wor k  done . 
Generally , such ad hoc s tudies are intended to aeet a 
specific request from Congress or from NSP manageaent . 
Several of these studies are descr ibed in the f irst 
sect ion of Append ix c ,  including the evaluation of the 
oceanography program performed by NSP ' s Off ice of Audit 
and OVers ight (NSP 1980a ) in response to an earlier 
Senate request for postper formance evaluat ion . 

Externally Generated Peer Judgment .  The products 
of the research suppor ted by NSP are subj ect to the saae 
scrutiny and value j udgments as all scient ific work . 
Paper s by pr incipal investigator s are screened by ed itor s 
and reviewers before they are publ ished in any of the 
major scient ific journals . (See Appendix B for an 
analysis of th is process . )  After results become part 
of the open literature , sc ientists decide for themselves 
whether to use the published work , depending on the ir 
j udgment of its quality and s ign if icance . Therefore , 
publ ication in refereed journals offer s one independent 
means for assess ing the per formance of research effor ts 
funded by NSP r the rate of acceptance or rej ection of 
papers with NSP sponsor ship can be compared with the 
r ate for all papers submitted to relevant j ournals 
( i . e . , those that cover areas in which NSP is active )  
that keep a f ile o f  all submitted papers . 
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The subsequent j udgment of peers on the importance 
of pr ior work , apart from their use of it in thei r  own 
research , is  spec if ically elicited in carrying out retro
spective studies . Thus , Kruytbosch (197 8 )  asked peer 
panels to select innovations in four f ields and then 
traced the NSF contr ibution to each of the innovations .  
( FOr results , see Appendix c . ) In another study (also 

descr ibed in Appendix C) ,  commercial products that had 
been awarded pr izes in peer-j udged competitions were 
used as a start ing point to trace the contr ibut ion of 
NSF-sponsored research to industr ial innovation (NSF 
1981 ) . 

' 

Another independent cr iter ion for assess ing the 
effectiveness of NSF programs can be der ived from the 
s tanding of graduate programs that are compiled on the 
basi s  of peer judgments and publ ication records (see , 
for example , Gaurman 1980) . The problem with us ing 
departmental standings as an aggregate-level measure o f  
the qual ity of research be ing done a t  a n  institution i s  
the likely fa ilure of such stand ings to reflect very 
r ecent achievements · and changes in faculty rosters .  
Stand ings from pr ior decades i n  fact have been used in 
the Cole et al . studies (197 8 ,  1981)  as one indication 
of a grant appl icant ' s  ties to an •old-boy networ k . • 
(They concluded that proposals from scientists at major 
institutions were not treated more favorably by reviewe r s  
f rom major institutions . )  Assuming that adjustments are 
made , stand ings based on the mos t cur rently ava ilable 
information can be employed to determine the extent to 
which NSF programs have provided suppor t to researchers 
in the facult ies deemed highly product ive by thei r  
colleagues . 

Peer Review in Other Organ izations 

Peer review serves impor tant evaluative functions 
i n  all types of sc ience-related organ izations . It  is  
apparent from the summar ies that follow that the methods 
used by industry and by other federal funding agencies 
for assess ing bas ic research vary from those of NSF 
ma inly in procedural detail . 

Pe r formance Evaluation in Industry. Sc ientif ic 
and eng ineering research is  an important part of u . s .  
industry . For the most part such research i s  relatively 
shor t term and center s on technolog ical obj ect ives .  A 
small number of large corporations , however , conduct 
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fundamental scientific research that spans chemistry , 
phys ics , engineer ing , and the l i fe sciences and that is  
essentially indistingu ishable in k ind from research be ing 
car r ied out at the foremost un iversities .  Indeed , there 
is considerable movement of researchers back and forth 
between un iversities and industr ial laborator ies engaged 
in bas ic research , especially in the f ield of chemistry . 

We surveyed six large industr ial laborator ies and 
found that the ir research managers assess the produc
t ivity of bas ic research efforts through a k ind of peer 
review .  Fr equently , rel iance is placed on academic con
sultants and visiting committees who advise generally on 
the qual ity of staff members and the ir work . Management 
is gu ided by an investigator ' s  record of sc ient ific 
achievement over a per iod of years rather than by the 
success of his latest proj ect . All corporations per form 
annual in-house per formance reviews , and high ratings 
can come from failures as well as from successes , par
t icularly in cases where creativity has been shown in 
the conception and execution of a proj ect . (Por more 
deta il , see Appendix A. ) 

The subcommittee has g iven substantial we ight to 
the exper ience of industr ial executives in evaluating 
the ir bas ic research programs . It is important to recog
nize that industry does not have methods of performance 
evaluation different froa those of NSF where the tasks 
are analoguous . Both industry and NSF have found nothing 
that serves better than some fora of peer review for the 
evaluation of ind ividual research projects . 

Per formance Evaluation in Other Agencies . Like 
NSF ,  NIH uses peer review to assess the mer it of pro
posals submitted to i ts extramural suppor t programs , 
though the NIH system entails two sequential levels of 
r eview and a more h ighly structured process that leaves 
little discretion to program off icials . In the case of 
renewal proposals , evidence aust be presented of past 
per formance , including the extent to which obj ectives of 
the immediately preced ing grant were met and a l ist of 
publ ications that resulted from it . 

A special structure of external advisors per forms 
continuous evaluation and gu idance of NIH programs . 
Each of the institutes has its own Board of Scientific 
Counselor s that , twice each year , reviews all ongoing or 
proposed research on the basis of formal presentat ions 
by individual investigators . Similar ly , the u. s . 
Environmental Protection Agency ( EPA) also asks funded 
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investigator s to present and defend the ir findings before 
an external group of experts . In EPA ' s  procedure , the 
reviewers of the orig inal proposals are part of the panel 
to whoa the presentation of completed research is made . 
After the presentat ion , the reviewers are responsible for 
provid ing a thorough cr itique to the program officials 
and the funded researchers . 

Prom t ime to time ,  agencies mount special efforts 
to appraise thei r  research programs in the i r  entirety . 
For example , the Wooldr idge (NIH 1965 ) assessment of NIB 
used peer review as its key procedure . Eleven panels o f  
experts examined 2 4 0  funded external research grants and 
1 2 5  unsuccessful appl ications , 105 training grants , and 
more than three dozen NIB laborator ies and independent 
research centers .  (Details of the Wooldr idge s tudy 
appear in Appendix c . ) 

Arguments Por and Agains t Peer Judgment 

Formal and informal peer j udgment is the means by 
wh ich science exerc ises continuous self-evaluat ion and 
correction . Formal peer review is the centerpiece of 
NSF ' s everyday operations and provides the agency with a 
key technique for per formance evaluations . HOwever , peer 
review is  costly in teras of lost research t ime when i t  
becomes formal ized in such functions a s  proposal rev iew , 
service on adv isory or evaluative panels , and expl icit 
reviews of research per formance . 

Peer j udgment , as all human judgments , may be 
a ffected by self-interest ,  whatever care is taken to 
preclude i t .  Ties of fr iendship or association may 
influence j udgment r so may antagon isms that have l i ttle 
or no bear ing on the matter at hand . Some of these 
problems are overcome by us ing more than one j udge . 
Irvine and Martin (1981 , see also Martin and Irvine 
1981)  have suggested that , in assess ing research groups 
--not individuals--peer evaluation be augmented by such 
other indicators as number of publ ications , citations , 
and highly cited papers . (These techn iques are descr ibed 
in the section on •sibl iometr ic Analys is•  below . ) In the 
long run , peer judgment is cor roborated by the ver ifi 
ability of research findings--an external s tandard not 
ava ilable in most other areas of human j udgment . 

Some of the oppos ition to peer review is based on 
the perception that i t  rel ies on • insiders • who tend to 
favor each other ' s  work and are resistant to new ideas . 
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As has been noted ear lier , however , Cole et al . ( 1978 , 
1981 ) found the NSP review process to be operat ing fairly 
and without apparent b ias--that there is in fact l ittle 
evidence of an •old-boy network . •  Another apparent prob
lem is the uncertainty attached to peer review in any 
specific instance . This is a consequence of some of the 
characteristics of basic research discussed in the pre
vious chapter--for example , the eventual value and impact 
of  a piece of research may not be apparent for some t ime .  
The 1981 Cole e t  al . study showed a high degree of agree
ment between two independent sets of fund ing recommenda
tions about the top and bottom quintiles of proposals 
submitted to NSP.  By qu intile (ordered sets of 30 out 
of 150 proposals ) and star ting with the proposals rated 
h ighest by NSP reviewers , the specific rates of agreement 
on whether or not the proposal deserved funding were 90 , 
6 9 ,  5 6 ,  7 0 , and 84  percent respectively . Reversals among 
proposals in the middle range are not difficult to under
stand s ince the average rating of such proposals l ies 
near the cut-off point for funding . 

Whatever the defects of peer j udgment ,  it  has 
worked , as evidenced by the broad record of accompl ish
ment of the scientific establ ishment of which it  is  a 
central part .  I t  will continue to be chosen by research 
sc ientists as the main process for evaluating scientific 
research per formance . We know of noth ing better . The 
question is in what ways , if any , it  needs to be extended 
in the case of NSP to provide adequate evaluation of the 
research the agency has sponsored . 

Bibl ioaetr ic Analyses 

B ibliometr ic analysis involves counts of 
publications and of formal citations to publ ications . 
The two types of counts reflect peer evaluations of a 
scientist ' s  work , because a manuscr ipt is publ ished in 
a refereed journal only when the reviewers and editor 
dec ide that it is of sufficient mer it , and because 
c itation is recogni zed , at least by most scientists , as 
the appropr iate procedure for acknowledg ing that the 
ideas , methods , or data in the cited paper influenced 
their own work . (�r a valuable descr iption of this 
process , see zuckeraan and Merton 1971 . ) In this con
text , publication counts are regarded as a measure of 
a scientist ' s  productivity and citation counts as a 
measure of the impact of what has been produced . 
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Us ing bibl iometr ics to analyze the sc ient ific 
l iterature is made practical because informat ion on the 
papers publ ished each year in most of the major sc ien
t ific journals is  compiled in one source document ,  the 
Science Citation Index (SCI ) . The informat ion in SCI 
consists of the name ( s )  of the author ( s )  of each paper 
and the ir institutional affil iation ( & ) . In addition , 
all works cited in each paper are l isted by the name of 
the first author . According to Nar in (1981 ) , in 197 3 
the SCI covered some 5 mill ion references conta ined in 
the more than 400 , 000 articles that appear in a typical 
year in 2 , 300 major scientific journals . Although the 
SCI was or iginally des igned as a practical tool for con
ducting l i terature searches , i t  has become a means for 
studying the processes of science and the productivity 
of  scientists . 

Given that bibl iometr ic measures are presumed to 
reflect peer j udgments and that SCI makes computing such 
measures s imple , inexpensive ,  and unobtrus ive ,  evaluators 
and scholar s  of science--including Eugene Gar f ield , the 
inventor and leading proponent of the SCI ( see , for 
example , Garf ield 1979 ) --have been investigating whethe r 
b ibliometr ics could supplement or even supplant other 
measures of per formance . �r example , some 28 studies 
of b ibl iometr ic indicators have been reviewed by Nar in 
(1976 ) . Most of the studies are pol icy-or iented and wer e  
sponsored by federal agencies involved i n  basic research r 
the remainder were done by academic sociolog ists or 
information scientists . As an avowed advocate of bibl io
metr ic indicators ,  Nar in asserts that the results of the 
s tudies generally support the idea that publ ication and 
citation counts can be useful to evaluators .  (This study 
and the others summari zed in this section are descr ibed 
in greater detail in Appendix C. ) 

A few s tudies us ing b ibl iometr ic measures have 
been funded by NSF .  One example is the evaluation of  
i ts oceanography program (NSF 1980a) mentioned earlier . 
The conclus ions reached by the NSF evaluator s reflect the 
equivocal nature of the s tudy ' s  findings s •we suspect 
that , for broadly defined groups of adequate s ize , [bib
l iometr ic] ratings will not add much . They didn ' t  in 
this  study . However , we are by no means at the point ye t 
of  dropping ratings from post-grant evaluation . •  Another 
study looked at the productivity of a large nu.ber of 
chemists in Amer ican universities ( DeWitt et al . 1979) . 
I t  compared citation data with other indicator s of 
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per formance , such as institutional affiliation , grants , 
and honors .  The results seem to suppor t the claim that 
citations reflect other indicators of research achieve
ment ,  at least to some degree . 

Carter ( 1974 ) tr ied to determine whether 
b ibliometr ic measures could serve as measures of scien
tific quality in evaluating NIB programs . She compared 
the peer rank ings of a sample of proposals , initial and 
renewal , that had been submitted to NIB with the publ i
cation and c itation records of the investigators and 
found only limited suppor t for bibliometr ics . The peer 
r atings of proposals submitted by medical or bas ic 
biolog ical research teams cor related with several 
measures , including average citation counts per pub
l ication , the ratings of proposals from anatomy , 
surgery , or smaller cl inical research teams did not . 

Arguments �r and Aga inst Bibl iometr ic Measures 

Not all citations are equally s ign ificant , 
although bibliometr ic measurement treats them as such . 
Many citations are to routine methods or statistical 
des igns , to modif ications of techniques , or to standard 
data , some citations are made to caution against er ror . 
The most impor tant citations acknowledge related wor k or 
suggest possible extensions or appl ications . Thus , the 
fact that an article rece ives many citat ions is not by 
i tself sufficient evidence of scientific qual ity .  Other 
perturbations in the number of citations are introduced 
by the practice of SCI to ass ign citation credits only 
to the first-named author of a publ ication . Also , scien
tists with very special ized research interests or in a 
discipline like anthropology , with a low rate of  publ ica
t ion , generally rece ive lower ratings than colleagues in 
fields where frequent publication is the norm . Cor rec
t ions that compensate for these and other factors have 
been developed by Nar in and h i s  associates (see Nar in 
198l) J however , such adj ustments increase the complexity 
and consequently the expense of bibl iometr ic analysis . 

Investigator s familiar with the patterns of publi
cation and citation rates generally caution against us ing 
b ibliometr ics to assess the per formance of individual 
scientists or small aggregates of depar tmental s ize . �r 
instance , DeWitt and his colleagues ( 1979 ) advise that 
findings based on bibl iometric data should be corrobor
a ted with evidence from other sources z The •uncr itical 
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use of citation data as a sole , or even major , cr iter ion • 
yields unreasoned decis ions about the allocation of 
resources that could affect adversely the careers of pro
ductive researchers and the ir  laborator ies . Another 
cr itic ( Edge 1979)  argues that a reliance on b ibliometr ic 
evidence might lead to a distortion of the sc ientific 
enterpr ise . Por example , i f  depar tments and funding 
agenc ies adopt bibliometr ic counts as the pr imary evi
dence of per formance , scientists will f ind it unprofit
able in terms of the ir  profess ional future to do research 
in areas that do not offer the oppor tunity of immediate 
or frequent publication or to attend to the educational 
and other unmeasured contr ibutions of research . 

On the other hand , studies of fund ing programs or 
of entire research efforts that involve hundreds or even 
thousands of sc ientists have shown that bibliometr ic 
analyses generally agree with peer-based assessments 
(Ling and Hand 1980 , Narin and Gee 1980 , Riecken et al . 
1 981) . These same s tudies also indicate that citation 
and publ ication patterns differ widely among discipl ines 
and areas of research . Martin and I rvine ( 1981)  hold 
that bibl iometr ic indicator s are useful only when com
parable g roups are be ing evaluated , and that j udgments 
become trustworthy only if all measures of qual ity-
includ ing peer j udgment and bibl iometr ic indicators-
converge . 

Case Studies 

Histor ians and sociolog ists of sc ience have 
wr itten case studies on scientific d iscover ies , in par t  
to illuminate the research process . Sc ientific dis
cover ies also have been recorded by participants and 
popular ized by journal ists and film makers . Recent cas e 
s tudies have focused on events in biochemistry , l ike the 
discovery of the structure of DNA (Watson 1968 , Chargaff 
1980) , the or igins of recombinant DNA research (Judson 
1979) , and the discovery of hypothalmic horaones (Wade 
1981) . There also have been studies on developments in 
phys ical chemistry (Edge and Mulkay 1974) , the d iscovery 
of pulsars (WOOlgar 1976 ) , and the emergence of radio 
astronomy in Br itain (Edge and Mulkay 1976) . Industr ial 
laborator ies assemble h istor ies and results of research 
and development programs they have carr ied out to explain 
the s igni ficance of their work . COrporate management 
tends to focus on the propor tion of research efforts tha t 
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have pa id off as the measure of success . Occas ionally , 
particular research effor ts that have failed are analyzed 
to determine whether the failure is attr ibutable to 
scientific and technolog ical shortcomings , to poor man
agement ,  or to other factors ,  such as marketing er rors , 
over which a laboratory has no direct control . 

The case study is essentially a histor ical account 
of the social and intellectual developments that led to 
a key event in sc ience . Some investigators move beyond 
s traightforward descr iption to attempt explanations of 
the importance of persons and events and how these deter 
mine subsequent developments ( see Edge and Mulkay 1976 
and Lema ine et  al . 1976 ) . Case studies can be used to 
understand the effects of insti tutional , organizational , 
and technical factor s on the research process (see 
Mull ins 1972 , Collins and Har r ison 1975 , and Law 197 6 ) . 
case studies also offer the poss ibility of identifying 
and following impor tant outcomes of the research process 
that are not purely intellectual , such as the collabora
t ion of scientists , the training of young r esearchers , 
the development of productive research centers . 

Arguments For and Against case Studies 

Case studies permit the investigator to illuminate 
the complexity of the research process to depths that are 
not poss ible with other methods . Unfortunately , case 
s tudies are relatively lengthy and expensive . For his 
study of the first quarter century of molecular biology , 
Judson ( 1979) traveled throughout Europe and the u . s .  

for ten years ,  interviewing partic ipants , observing 
exper iments , and delving into laboratory arch ives and 
librar ies . Wade ' s  (1981 ) more l imited investigation of 
the d iscovery of hypothalmic hormones also requ ired 
several years of investigat ion . Indeed , i t  is the sub
s tantial cost of case s tudies in time and money that 
precludes thei r  extens ive use as an evaluation method . 

In addition , case studies present two method
ological problems . First , the val idity of the results 
and conclus ions obtained depends on the obj ectivity , 
investigative skills , and scientific knowledge of the 
person ( s ) doing the study . Accounts by participants 
generally highlight only the events in wh ich they were 
actively involved and invariably present personalized 
versions . Compar ing Watson ' s  (1968 ) account of the 
d iscovery of the double helix structure of DNA with 
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Chargaff ' s  account of events (1980)  or with the biography 
of another par ticipant , Rosalind Franklin (Sayre 197 5 ) , 
i llustrates the problem . The investigator who car r ies 
out a case study must be will ing and knowledgeable enough 
to ask key questions , to obta in accounts from informants 
whose perspectives are likely to differ , and to reconcile 
any d iscrepanc ies through personal j udgment and archival 
evidence . Obviously , the need for thorough investigation 
adds to the costs of such studies . 

The second methodological problem is that the 
f indings of a case study are generally grounded in spe
cific histor ical circumstances and therefore cannot be 
appl ied directly to other research settings . This makes 
translat ing the results of case studies into information 
that can be used by scienti fic planners and decis ion
maker s problematical . 

case s tudies are a promis ing avenue for examining 
and eventually understanding such non-scientific aspects 
of  the research process as social influences , institu
tional contexts , economic and pol itical factors ,  and 
patterns of communications . Hence , the support of a 
l imited nuaber of case stud ies by NSF might i lluminate 
some subtle factors that affect bas ic research , pursuant 
to the request made by the Senate Appropr iations Com
mittee . Progress is l ikely to be slow ,  though , in iden
tifying factor s that have s ignificant impact on research 
and are not already recognized by research managers . On 
the othe r hand , case studies hold no promise at all as a 
method for routine program and proj ect evaluation , espe
cially in l ight of the time required and the costs . More
over , it is unclear that the results of any one case study 
could be accepted as a guide to future federal action . 

Retrospective Analys is 

Retrospective studies are related to case studies 
in that they also try to reconstruct history . However , 
retrospective stud ies are generally concerned with 
multiple scientific or technolog ical innovations rather 
than with only one . The goal is to identify linkages 
between the innovations and one particular type of ante
cedent event (usually either fund ing or pr ior research ) 
r ather than to interpret as many of the antecedent and 
contextual factor s as poss ible , the usual aia of case 
s tudies . Retrospective analyses generally require that 
panels of experts or the investigators conducting the 
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retrospective study select s ign if icant advances in weaponry , 
say ,  or medicine or bas ic phys ics , each advance is then 
traced back to the events that made it poss ible . One motive 
behind early studies of this type , exempl i fied by Proj ect 
HINDS IGHT (Sherwin and Isenson 1969 ) and T . R. A. C . E. S . 
( Illinois Institute of Technology 1968) , was to j ustify 
investment in research and development in terms of its use
ful appl ications . More recent s tudies , l ike that of comroe 
and Dr ipps (1977 ) for NIH , have dealt with the contr ibution 
of fundamental research to scientific or clinical advances .  
(POr more deta il on these studies , see Appendix C . ) 

Arguments For and Against Retrospective Analys is 

Some var iants of retrospective analysi s  may be 
appropr iate for answer ing a particular type of account
ability question--for example , the contr ibution of NSF 
suppor t to a f ield over the long run .  The method might 
resemble that of Kruytbosch (1978 J see Appendix C) in 
s tarting with the selection of s igni ficant output by means 
of peer panels and then tracing back the extent of NSF 
funding . The output could be defined in terms of leading 
researchers , papers included in major review articles or 
monographs , articles cited in papers that rece ive annual 
awards , or s ignificant theoretical or empir ical advances 
in a d iscipl ine . Another type of output , represented by 
patents or other traceable industr ial uses of bas ic 
r esearch , i s  currently being looked at in an NSF retro
spective study (NSF 1981 ) . ( It should be noted that the 
results of th is study--or of any retrospective study that 
concentrates on commerc ially s ignif icant outputs--will 
depend on market and technolog ical factors as well as on 
the quality of the bas ic research . )  In addition to def in
ing output,  the contr ibution of the agency must also be 
defined in doing a retrospective study , it  could include 
both d i rect funding through research grants and more indi
rect suppor t through fellowships , purchase of equ ipment , 
institutional support ,  and the l ike . The def initions are 
cr itical , since the extent of contr ibution to a f ield mea
sured through retrospective analys is will depend on j ust 
what output and what type of  suppor t are examined . 

Because of the t ime needed for any type of reason
ably val id histor ical study , including retrospective 
analys is , this method is not useful as a tool to provide 
short-term evaluations for improving research policy and 
management .  
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Prospective Analys i s  and Pilot Exper iments 

Prospective analys is involves assessment of a 
proposed pol icy or program before i t  is pu t into effect . 
The analys is can include estimates of anticipated costa 
and benefits , surveys of l ikely participants and othe r 
a ffected parties , or actual pilot tests , often including 
methodolog ically complex exper imental des igns ( see Boruch 
and Wortman 1979 , Boruch 1982) . Not only program altern
atives but also changes in procedures can be examined 
prospectively and tested exper imentally . Such tests 
typically are conducted in-house and , unl ike the large
scale tests of new federal programs sponsored in recent 
years , attract l ittle outs ide attention . 

NSF administrator s and advisors have repor ted 
that the Chemistry Division conducts ad hoc exper iments 
and more formal tests of proposed manager ial changes . 
One reviewer for the Divis ion has descr ibed his partici 
pation in an exper iment that was intended to determine 
whether an alternative procedure--rank ing of proposals 
by a panel of experts convened for the purpose--would 
yield a qual ity order ing of proposals different from or 
s imilar to those obtained through peer review by mail . 
( No  s igni ficant differences appeared . ) The more formal 
exper iments include the current tests of changes in 
renewal procedures that link future funding more directly 
to the pr inc ipal investigator ' s  past per formance , such 
as the accompl ishment-based renewal procedures and the 
creativity extens ions discussed in the preceding section 
on peer review (see also Appendix D) . According to NSF 
officials , the decision whether or not to adopt these 
changes will be based on the opinions of administrators , 
r esearchers , and reviewers--in other words , of those 
whose wor k  or research is affected by the proposed 
changes--rather than on any formal assessment of 
effectiveness . 

Arguments For and Against Pilot ExPer iments 

Pilot studies possess several advantages over 
evaluations conducted after a change is implemented . 
They are less likely to be constra ined by the des ires 
of advocates , administrators ,  or recipients to show that 
the innovation has pos itive or negative consequences . 
Also , because large-scale evaluations are d ifficult to 
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manage , the quality of results from restr icted pilot 
investigations will be generally h igher . Pilot studies 
offer other advantages as well . They yield more direct 
find ings than can be obta ined from trying to anticipate 
consequences on the bas is of past exper iences , permit 
evaluators to discover problems that could not be antic
ipated , and help to resolve the problems that are 
anticipated . 

Pilot tests present some difficulties . Changes in 
procedur e and prograas soaetimes have effects that become 
apparent only years later . Por example , any change in the 
level of suppor t for recent Ph . D .  rec ipients is l ikely to 
affect decisions about tenure that will be reached f ive to 
seven years later . Ideally , expe r i  .. ntal des igns allow 
for effects to be assessed over the long term before a 
change is made . Frequently , however , agencies cannot wai t  
that long . The best t o  hope for is that agencies will 
cont inue to monitor the outcoaes and be will ing to reverse 
a decis ion if necessary . Another problea is the balance 
between the costs of conducting pilot tests and the 
r esulting benefits . If a test is very complex , i t  may be 
both costly and ambiguous in its results . Or , the altern
ative be ing tested may be so expens ive to implement that 
even a successful test will not aake it attractive . 
Sometimes a new prograa or administrative change must 
(or cannot )  be aade for political , moral , social , legal , 
or scientific reasons . Under any of these conditions , 
not much benefit  will be ga ined from expending the time 
and money necessary to conduct prospective exper iments . 

Copyright © National Academy of Sciences. All rights reserved.

Quality of Research in Science:  Methods for Postperformance Evaluation in the National Science Foundation
http://www.nap.edu/catalog.php?record_id=19536

http://www.nap.edu/catalog.php?record_id=19536


Copyright © National Academy of Sciences. All rights reserved.

Quality of Research in Science:  Methods for Postperformance Evaluation in the National Science Foundation
http://www.nap.edu/catalog.php?record_id=19536

http://www.nap.edu/catalog.php?record_id=19536


4 FINDINGS AND NEXT STEPS 

Two questions were posed at the outset of this 
exploratory atudy t 

What method of poatper foraance evaluation 
is moat useful for assess ing the qual ity 
of research produced as a result of NSF 
support? 

In what ways can poatper formance evalua
tion help improve the productivity of the 
research effor ts supported by NSF? 

Bas ic science supported by public funds , whethe r 
per formed in universities or elsewhere , should not be 
exeapt froa the overs ight that governaent imposes on othe r 
institutions . Neither science nor scientists can plead for 
special pr ivileges on the bas is that science is a unique 
endeavor . It is not evident , however , that any forms of 
poatper foraance evaluation that we have cons idered will 
produce better bas ic research . The quality of a human 
activity as complex , subtle , and elus ive as scientific dis
covery is d ifficult to measure with any accuracy . The fre
quency with which research that appeared •useless • has 
proven valuable to science or technology constitutes a 
power ful argument aga inst restr icting support to miss ion
d irected or socially oriented research . Bas ic science is 
most fruitful when i t  is  autonomous . Research that takes 
place in a setting that is free and apparently unstructured 
is in fact governed , in Michael POlanyi ' a  (1962)  phrase , by 
• the republ ic of science . • 
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The subcommittee bel ieves that any additional 
evaluation procedures should be introduced only if they 
clearly enhance rather than constr ict the environment in 
wh ich research proceeds , and that formal techn iques can
not usefully replace informed technical j udgmen t .  The 
pr inc iple that has governed our work and is reflected in 
our f indings is that evaluation must serve the interest 
of advancing excellence in research and creating a 
productive research cl imate , while meeting the publ ic 
concern for accountab il ity .  

Assess ing the Quality o f  Research 

In Chapter 2 ,  we have pointed out the confl ict 
between the need to obta in evaluative information that 
is cur rent enough to be useful for pol icy and management 
purposes and the cumulative nature of science , wh ich 
usually demands a long time per iod for assess ing the s ig 
n if icance o f  research results . Of the several evaluation 
methods descr ibed in Chapter 3 ,  only peer review and bib
l iometr ics y ield information--whatever its val id ity-
appl icable over the shor t term to the per formance of 
basic research . FOr longer term evaluations , the method 
of choice for establishing the qual ity and contr ibution 
of r esearch is r etrospective analysis . Th is method 
respects the inherent character istics of the research 
process and the scientific enterpr ise , but the studies 
done to date , though instructive , have been protracted 
and costly . S ince any additional evaluation procedure 
will requ ire more time , money , and people , we cons ider 
i t  important to establ ish how much information is  
already at hand , and what purposes it  serves . In this  
connection our subcommittee has reached the following 
conclusions : 

FINDING 1 :  In NSF ' s Chemistry Divis ion , postper for
mance evaluation already exists in many 
forms , though it is not always labeled and 
perceived as such . 

In r eviewing requests for suppor t ,  and especially 
in reviewing requests to renew previous support ,  the 
appl icant ' s  recent accompl ishments are an impor tant par t 
of the evaluation . Exper iments by NSF with accompl ish
ment based renewal procedures and productivity-based 
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g r ant extensions emphasize evaluation of past per formance 
even more .  NSF over s ight procedures provide a means for 
check ing these evaluative processes and should be spec i f
ically employed to ensure that reviewers expl ic itly con
s ider recent r esearch performance in mak ing thei r  funding 
recommendations , in addition to cons ider ing the general 
r eputation of the scientist and the work proposed for the 
future .  

FINDING 2 :  We believe that Congress i s  not effectively 
informed of the postper formance evaluation 
that NSF carr ies out on a routine bas is . 
This def iciency results not from too few 
communications , but from the lack of 
summar ies that focus on postper formance 
evaluation . 

The subcommittee bel ieves that a great deal of the 
information already be ing collected about NSF progr ams 
r elates to the evaluation of research results . Appar
ently , the information is  not effectively organ ized and 
presented in ways that meet Congress ional concerns about 
accountabil ity .  The subcommittee recommends , therefore , 
that the following activities be carr ied out as next 
steps : 

Activity 1 :  At least two other NSF research d ivis ions 
should be examined to ascertain whether the 
exper iences and practices of the Chemistry 
Divis ion are typical of NSF d ivis ions . 

Of special interest is  whether proposals from 
investigator s who have had previous NSF grants represent 
an equally h igh propor tion of all reviewed proposals and 
whether the detailed statistics kept by the Chemistry 
Division on d ivis ion operations and suppor t provided to 
the field ar e available for other divis ions . The rev iew 
should also include examination of the overs ight activi
ties and reports by the respective advisory committees . 
Examples of some NSF units that might be reviewed are the 
Behavioral and Neural Sciences Divis ion , the Astronomy 
Divis ion ,  or some of the divis ions within the Directorate 
for Eng ineer ing . 

Activity 2 :  Su itable samples of evaluative information 
already available should be analyzed to 
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explore the extent to wh ich such mater ial 
can serve the purpose of postper foraance 
evaluation . 

Pbr example , in the course of a recent r eview of 
the Chemistry Divis ion , its Advisory Committee collected 
data for each chemistry program from 35 to SO folder s ,  
illustrating var ious categor ies o f  funding action . The 
data were used to address specific questions about the 
selection and ass ignment of reviewers , the adequacy of 
current levels of funding , and the d istr ibution of funds 
among programs or specific areas of research . Pbr the 
purpose of postper formance evaluation , it might be instruc
tive to select folders in a s imilar manner and assemble 
and analyze the information conta ined in the proposals ,  
background mater ials on appl icants , reviewers ' comments , 
memoranda and reports of program off icers , and f inal 
reports . The main question to be addressed should be the 
qual ity of the r esearch being suppor ted . NSF should also 
examine the yearly statistics collected by the Advisory 
Committee and by chemistry program officials , descr ibing 
the distr ibution of funds among individual prograaa and 
the support of chemistry by other funding agencies . 

Such activities ought to make evident what addi
t ional information may be needed and how existing and 
new information can best be formulated to respond to 
concerns about the quality of NSF-suppor ted research . 

Activity 3 :  I f  the first two activities provide evidence 
that relevant information is available 
throughout NSF ' s research divisions , NSF 
should analyze why the information has not 
been better art iculated and used . 

NSF should cons ider how responsibil ities for 
communication about evaluation are distr ibuted with in 
the agency and the reasons why NSF has not been fully 
successful in repor ting about its per formance to the 
satisfaction of the Congress . The analys is should lead 
to cor rect ive action . 

Activity 4 :  The use of retrospective studies to deter
mine long-term NSF impact on a field of 
r esearch should be invest igated and evalu
ated , giving due cons ideration to the diff i 
culty and cost o f  atta ining s ign ificant 
results . 
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The subcommittee , with the help of the COmmittee 
on Chemical Sciences of the National Research Council , 
has assembled a list of h ighl ights in chemistry over the 
last decade . What needs to be done is to f ind efficient 
ways of tracing back NSF-suppor ted contr ibutions to s ig
n ificant developments identified by the l ist--in , say , 
orbital symmetry , metal clusters ,  asymmetr ic and stereo
selective syntheses , guest-host complexes ,  sur face
modified electrodes , conduct ing polymers ,  sol id-state 
nuclear magnetic resonance , gene synthesis , and pico
second spectroscopy . I f  leading researchers associated 
w i th each selected h ighl ight can be identif ied , then NSF 
records can be used to establish whether or not , in what 
amounts , and at what s tages the researchers were funded 
by NSF .  Th e  task would become cons iderably mo r e  diffi
cult i f  information were desired as well about the share 
of NSF suppor t relative to suppor t received from other 
sources by the same r esearchers . The question to be 
answered is whether retrospect ive analysis can be made 
suffic iently economical to be adopted by NSF for per iodic 
evaluation of the contr ibution of NSF-sponsored research 
to the var ious fields of science . 

Improving Research Productivity 

The same d istinct ion between the shor t and long 
terms that we have proposed earl ier in th is chapter for 
a ssess ing the qual ity of research can also be made for 
improving research productivity .  From our exploratory 
investigation , we have come to some v iews about poss i
bilities for improvement that can be instituted over the 
shor t  term . Long-term improvement will require , as the 
Senate Committee has noted , a better understanding of the 
r esearch process than now exists , par ticularly about the 
factor s that increase or inhibit productivity .  

One way of increas ing r esearch productivity over 
the shor t term is to improve the management of research 
s upport .  In pr inciple , improvement i s  possible at 
several different levels--for instance , in selecting 
proj ects , in allocating r esources to subfields with in a 
disc ipl ine and across discipl ines , and in developing NSF 
program features that are intended to ma intain a healthy 
sc ience establ ishment by , say , assur ing a steady flow of 
creat ive young researchers .  
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Project Selection 

Much of the attention of Congress and of NSF as 
well has been centered on how good the dec is ions have 
been that lead to award ing or denying funds to individual 
researchers . Th is is understandable because decis ions 
about individual proposals are the agency ' s  pr imary means 
for advancing its miss ion of foster ing research . Yet 
this process is probably the best developed and tested of 
all the elements tha t make up the doing of science . It 
has been honed by 30  years of exper ience with hundreds of 
thousands of proposals to NSF and other federal agenc ies 
that support sc ientific research and , outs ide that s truc
ture , in the many other contexts where peer j udgment is 
used to dec ide scientific mer it or promise . 

As noted , there is cons iderable agreement among 
peer reviewers for some 40 percent of the proposals sub
mitted to NSF--i . e . , those that receive h igh ratings as 
well as those that receive low ratings . Proposals that 
fall into the middle range may be there either because 
r eviewers agree reasonably well on mid-range scores or 
because reviewers disagree and ass ign either high or low 
scores , r esulting in a mid-range average . Proposals in 
the middle range that fall into the second category 
deserve special cons ideration , because they may repre
sent the very type of r isky effor t that should be 
suppor ted with publ ic funds . 

Since the cut-off point for NSF fund ing of 
proposals ranges around 4 (out of a score of 1 to S ,  
with 5 be ing excellent , 4 very good , etc . ) ,  and 
r esearchers who submit proposals to NSF are already a 
self-selected group will ing to compete , practically all 
the r esearch that is cons idered for funding at any t ime 
is likely to be •very good • or better , and dec is ions at 
the margin are difficult to make . Prom our observation 
of the operations of the Chemistry Divis ion , we f ind 
that the latitude g iven to the NSF staff in this process 
is exerc ised with great care . Staff recommendations 
( r eviewed at several levels h igher up) as to which •very 

good • proposals to fund when there is not suffic ient 
money for all of them are based on such cr iter ia as the 
state of the field perta ining to the research , whether 
other agenc ies support that type of research , how the 
proposed wor k  relates to research already be ing funded 
by NSF, and so for th . Such cons iderations are not always 
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documented as well as they might be in the sense of 
mak ing access ible to an outs ide observer the reasoning 
that goes into a dec is ion . To some degree , th is is also 
true of some reviewer responses--a poss ible reason for 
the GAO ( 1981 ) f inding that performance on the preceding 
NSF grant was not expl ic itly taken into account in 
reviews of renewal proposals . Nevertheless , j udg ing 
from our understanding of the proposal evaluation pro
cess in the Chemistry Divis ion , we cons ider i t  to be 
competently and carefully managed . 

FINDING 3 z  The subcommittee cons iders peer rev iew to 
be the best way of choosing among individual 
research proposals , even though experts may 
occas ionally disagree about the mer its of 
specific proposals . No additional methods 
of postper formance evaluation that we know 
of will s ignif icantly improve the selection 
of individual proj ects . 

The Chemistry Divis ion has been exper imenting 
w ith alternative forms of proposal review , especially 
for renewal proposals .  We commend such exper iments 
because they demonstrate good management . But in stating 
th is , we do not mean that the exper iments could not be 
improved . Improvements could be made by us ing stronger 
standards of evidence and mak ing clear what standards 
are be ing used in assess ing the effects of the exper i
ments . Though i t  may require some staff effort ,  the 
information assembled may well prove useful both for 
manag ing research suppor t and for increas ing know-
ledge about the process . As has been noted , both 
the chemistry Advisory COmmittee and program off icer s 
assemble a great amount of objective data about the 
per formance of the Chemistry Divis ion . care should be 
taken that appl icable data are used to benefit the 
des ign and evaluation of future exper iments and that 
f indings are communicated to parties concerned with the 
operations of NSF.  

The suggested study of other divis ions should 
establish whether the operations there are character ized 
by the inventiveness and flexibility seen in the 
Chemistry Divis ion . We recommend an addit ional step z 

Act ivity S z  NSF should continue its small-scale exper i
ments with management improvement . It 
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should assess the level of documentation 
necessary to evaluate and communicate the 
results of the exper iments to interested 
groups .  

Al location of Resources Among Subf ields 

Look ing at the suppor t of chemistry within NSF,  
we bel ieve that a question of  great importance concerns 
the bas is for the allocations made to subf ields or pro
g rams within a d ivision . This question , in the subcom
mittee ' s  j udgment , is potentially of much greater s ignif
icance to the management of NSF than modif ications to 
proj ect selection . 

FINDING 4 : Additional postper formance evaluation of 
research should be used where the h ighest 
leverage for improvement of the agency ' s  
per formance can be obta ined . The quality 
of NSF-supported research should be assessed 
in some aggregate form--for instance , in 
analyz ing the allocat ion of resources among 
the subf ields of a discipl ine or between 
discipl ines . 

Ind ividual programs with in the Chemistry Divis ion 
change slowly . Allocations among programs vary little 
f rom year to year . However , the type of research under 
taken within a program may sh ift cons iderably over time . 
Because grants in chemistry are relatively modest 
($60 , 000 on the average) , it is poss ible to fund some 
exploratory l ines of research without enormous r isk , 
and--in case of success--to increase subsequent fund ing 
to the po int where a new subspecialty has become par t  of 
a program .  From time to time , the Chemistry Divis ion 
has organized workshops to identify research needs and 
opportun ities in subfields such as crystallography ,  h igh
temperature chemistry , laser s ,  and phys ical organic 
chemistry in an effor t to attract chemists to a part ic
u la� area of research . Evaluating the success of such 
efforts might be one way of determin ing whether th is is 
a useful means for encouraging wor k in promis ing areas 
of research . 

How are dec is ions made to increase or decrease 
funding in a subf ield? To what extent is the relevant 
research community involved? In order to appraise the 
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need for change , the output and qual ity of prograaa auat 
be assessed in the aggregate . The appropr iate method is 
some form of peer j udgment . Thus , 

Activity 6 :  var ious alternatives should be explored for 
us ing outs ide exper ts to appra ise the aggre
gate quality and results of research 
supported by NSF in each program with in a 
research division . 

The appraisal should include advice on needed 
changes in direction . Poss ibilities include visiting 
committees , work ing conferences , or leas costly vers ions 
of the WOoldr idge assessment of the Nat ional Institutes 
of Health (NIB 1965) . Whatever the procedure , it must 
be such that the advice goes to the Director and the 
assistant directors of NSF, as well as the d ivis ion 
directors . In pr inciple , s imilar reviews could serve to 
improve allocations among f ields , but we recognize that 
the difficulties of mak ing such decis ions increase as 
compar isons between substantive areas of research become 
110re diff icult .  

Maintaining Scientific Strength--Young Researchers 

NSF was charged at its inception in 1950 with the 
goal of promoting • the progress of science . •  In subse
quent year s th i s  obj ect ive has coae to include responsi
b il ity for maintaining and improving the institutional 
and organ izational capacity of the u . s .  research com
munity and for meeting the nation ' s  requirements for 
sc ientific personnel . Some impor tant and coaplex issues 
are subsumed under the former--for example , the balance 
of fund ing for instrumentation , technical suppor t staff 
and research scientists , and the degree of concentration 
of institutional resources at the leading research 
univers ities . The subcommittee d iscussed several of 
these issues but had time to concentrate on only one : 
NSF ' s respons ibl ity for meet ing the nation ' s  require
ments for scientific personnel--specif ically , the 
development of a continu ing supply of able young 
researchers . 

The availabil ity of talented and well-trained 
young researchers is fundamental to the health of the 
scientific community .  New scientists in such f ields as 
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mathematics and physics are known to be responsible for 
many of the innovations in theory and techniques ( Kuhn 
1 970 , Cole et al . 1973 ) . Equally impor tant , their 
presence in universities and in industr ial research and 
development un its is an essential factor in ensur ing 
that the qual ity of science will not decl ine in the 
decades to come . NSP can and does contr ibute to the 
suppor t of young scientists at three stages : in pro
v iding oppor tunities for the ir formal education and 
training as graduate students and postdoctoral fellows , 
i n  funding initial proposals for independent research , 
and in suppor t ing requests for grant renewals . As to 
the suppor t of initial research proposals ,  data collected 
by the Chemistry Divis ion (NSP 1980b) for 1973 through 
1979 show that young investigator s are somewhat more 
l ikely than established investigator s to rece ive funding 
for a proposal for new research . Similarly , Cole et al . 
(1978 ) repor t that young researchers are not at a disad
vantage in getting NSP grants : Por 1 , 200 proposals 
drawn from economics , sol id-state phys ics , and chemical 
dynamics , • [a]ge had no s trong effect on either ratings 
r eceived or the probabil ity of receiving a grant 
[ authors ' emphas is] . •  

Never theless , some questions remain about NSP 
support for young researchers . The data from the 
Chemistry Division are not d isplayed so that we can 
read ily trace dec is ions on renewal proposals submitted 
by researchers who were •young • ( seven or fewer years 
after the ir doctorate ) when they got the ir f irst award 
but no longer fall into that category after completing 
thei r  or ig inal three-year grant . Therefore , it is not 
clear to the subcommittee what provis ions NSP makes 
dur ing the renewal proposal stage for young 
investigators .  

Activity 7 :  Add itional information should be assembled 
about the suppor t of young researchers , 
part icularly at the first renewal stage . 

The objective of suppor ting young researchers is 
to ensure their entry into the f ield and the trans ition 
of the best to the status of establ ished and productive 
sc ientists . It is impor tant to f ind out how pol icies 
and procedures within the chemistry programs and other 
NSP programs are affected by the f indings about young 
researcher s and by the proj ections about the future 
r equirements for research scientists in u . s .  un iversities 
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and industr ies . Per iod ic checks of NSF per formance will 
be needed so as to ensure that the agency ' s  prograas and 
procedures meet chang ing national needs . 

Long-term Improvement 

The Congress ional request s tress ing the need to 
identify factors that make for research success recog
n izes the complexity of the research process and the 
difficulty of improving predictions about i t .  Intens ive 
case s tudies and a var iety of surveys of scientists have 
been carr ied out to develop greater understanding of the 
e ffects of institutional , organizational , and technical 
factor s on the research process .  While such work has 
been useful in illuminating specific discover ies , it has 
not advanced knowledge to the point of identifying gener
ally appl icable productivity factors beyond those already 
used in evaluating research . The identif ication of addi
t ional factors w ill require protracted and extens ive 
research which may , in the end , yield l ittle of practical 
utility .  The quest ion as to how much more understanding 
we can ga in about the research process and how useful 
such added knowledge will be in improving NSF ' s funding 
decis ions can be pursued through suppor t of a few addi 
t ional , j udiciously chosen case s tudies of the context 
and events that have accompanied specific scientific 
advances .  
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APPENDI X A 

EVALUATION OF BASIC RBSBARCB IN INDUSTRY 

u . s .  industry supports bas ic research in the physical 
sciences in general--and chemistry in par ticular--in 
order to stimulate new commercial products and more 
e fficient manufactur ing processes . Of the $8 . 8  bill ion 
spent on basic research in the Uni ted States dur ing 
1 981 , industry spent about $1 . 5  billion--double the 
outlay of universities and colleges , and about one-fifth 
a s  much as the federal government with its large expendi
tures for defense and space research . Yet bas ic scien
t ific research constitutes for most corporations only a 
small par t  of the total research and development effort . 
FOr example , the research division of IBM employs soae 
2 , 000 professional or technical personnel , only one
quarter to one-third of whom deal with problems compa
rable to those of academic scientists . Annual expendi 
tures for basic scientific research at Merck , one of the 
nation ' s  largest pharmaceutical houses , amount •to only 
a few percent • of the research and development budget . 
With relatively few resources g iven over by corporations 
to fundamental science , the procedures used by the 
manager s  of industry research divis ions to evaluate the 
progress and results of basic research beco .. an impor
tant means of ensur ing that the best poss ible use is 
aade of what resources are available . 

ACcordingly , the subcommittee contacted manager s  
of  research d ivisions at several major corporations and 
asked them to descr ibe the ir procedures for assessing 
basic r esearch and the rationale for doing this . One 
of the managers , A. M .  Clogston of Bell Telephone 

- s s-
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Laborator ies , Inc . , provided the following paper ,  wh ich 
descr ibes in some detail  the problems of assess ing scien
t if ic per formance in an industr ial setting and how Bell ' s  
aanagement has dealt with those problems . 

* * * 

POSTPBRPORMANCE EVALUATION OP RESEARCH 
AT BELL LABORATORIES 

The need for retrospect ive evaluation of research 
has been recognized for a long while at Bell Laborator ies , 
and well establ ished procedures have been developed to 
carry out such evaluations . They have s tood the tests of 
time and usefulness in manag ing research programs and 
evaluating individual research per formance . No analogous 
procedures seem to have ever been appl ied systematically 
to postper formance evaluation of research at universities 
or other institut ions work ing under contract with federal 
granting agencies , but the pressure for some degree of 
postper formance evaluation is evidently growing in 
Congress and becoming of increas ing concern to the agen
c ies . The Bell Labs procedures and context for research 
evaluation are descr ibed below as a contr ibution to a 
study of poss ible methodology for postper formance evalua
t ion of government-funded research . However , i t  is not 
at all apparent that the exper ience of Bell Labs is 
easily transferable to research funded and evaluated by 
an agency external to the institution in which the 
r esearch is carr ied out . 

Evaluation of research impl ies some cr i te r ia 
aga inst which the research is to be evaluated . These 
are by no means as obvious as they might seem at first , 
because research is not car r ied out as a ser ies of 
prescr ibed tasks whose successful completion can be 
measured . S ince the product of research is knowledge , 
and it is the quality and appl icability of knowledge that 
is being evaluated , the cr iter ia are necessar ily more 
complex . They are generally of two k inds--measur ing 
either the impact of research on the advancement of 
science or measur ing i ts impact on the discovery and 
appl icat ions of new technology . Moreover , there also 
are shor t- and long-range aspects that must be taken into 
account .  In view of the complex ities , the procedures 
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for mak ing sound evaluations of research need to be 
r easonably sophisticated and disciplined . Understand
ably ,  the procedures present d ifficulties for the devel
opment of postper formance evaluation procedures by 
governaent bodies that make research grants . 

What I descr ibe below about research evaluation 
at Bell Labs therefore has two aspects--the cr iteria for 
evaluation and the procedures by which evaluations are 
carr ied out.  I will star t with a discuss ion of pro
cedures , not only because this is probably the most 
distinctive aspect of the Bell Labs process , but also 
because it will establ ish the context for the d iscussion 
of cr iter ia . 

Research at Bell Laborator ies is evaluated by 
l ine aanage .. nt at several different levels and in 
several different ways . The most formal process is an 
annual review of ind ividual per formance . Almost always 
this is f irst carr ied out at the laboratory level by the 
laboratory director and his f ive or s ix department heads . 
(A laboratory under a Research Vice-Pres ident at Bell 

Labs is typically an organ ized unit of about 50 research 
scientists assisted by 40 or so research associates . )  
The director and his depar tment heads spend several days 
each year carefully reviewing the past year ' s  work of 
each scientist and evaluat ing it in terms of the degree 
to wh ich i t  meets expectations based on the evaluative 
criter ia to be discussed below . The essential feature 
of these evaluations is that the director and heads , who 
have strong personal research credentials , are intimately 
informed about the work of each scient ist . Based on the 
exper ience at Bel l  Labs , such a well informed management 
g roup is able to arr ive readily at a consensus view that 
has general acceptance . In order to establ ish overall 
consistency in the r esearch area , the laboratory-level 
per formance evaluation is followed by less detailed 
r eviews conducted for each individual at d ivision and 
vice-pres idential levels . The results of the reviews 
are later incorporated into pay increases in such a way 
that salary reflects per formance . 

The annual per formance review is supplemented by 
per iodic informal reviews of ongoing research presented 
by each scientist to his management through the d ivis ion 
level . These reviews are a pr incipal means by which man
agement can be aware of the s ign if icance and progress of 
r esearch work , thereby contr ibuting to the soundness of 
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the evaluative process .  Other elements involved in 
per formance appraisal are indicators of outside r ecog
nition accorded a scientist , such as invited papers at  
conferences , pr izes , and the general level of  outs ide 
collaborations . Still another element is the qual ity 
of  the contr ibution aade to the scientific l i terature , 
though individual publ ications are not usually evaluated 
as such , nor is undue weight g iven to the number of 
publications . No use is made of c itation analys is . 

There are two features of th is evaluation process 
that should be pointed out . First , the evaluations are 
based on ongoing research and not necessar ily on com
pleted pieces of wor k .  Research , in fact , i s  usually an 
ongoing enterpr ise , so that the idea of research projects 
with a def inite beg inn ing and end is somewhat artificial . 
Al though research often has an episodic character punc
tuated by the publ ication of papers ,  publ ished papers 
alone have never served as an adequate bas is for research 
evaluation at Bell Labs and would not f i t  well with its 
concept of an annual review of pe r formance . Secondly , 
research evaluation at Bell Labs is a matter of the 
total impact of a scientist on science and technology 
cons idered impor tant to the company and not just an 
evaluation of the publ ished research record . Other 
cons iderations that are impor tant are the scientist ' s  
leadership and influence on others , h is ability to couple 
new science into Bell Labs , his  ability to orchestrate 
and integrate r esearch requir ing contr ibutions f rom 
several ind ividuals , and his general level of produc
t ivity ,  org inal ity and capability for independent work . 
The Bell Labs evaluation process requires that the 
assessments be car r ied out internally by people well 
acqua inted with each sc ientist ' s  research . This essen
t ial feature of the process would not seem to be eas ily 
transferable to a context in wh ich research evaluation 
i s  done by an external agency . It also seems apparent 
that postper formance evaluation of research car r ied out 
only on the basis of publ ished work will miss impor tant 
elements of a scientist ' s  contr ibutions whether the 
r esearcher is in industry or at a univer s ity . 

I turn now to the second aspect of the evaluation 
process--namely the criter ia aga inst which evaluations 
are made . In the broadest sense , research at Bell 
Laborator ies is evaluated in terms of its impact on our 
miss ion to supply the technology the Bell System needs 
to do i ts j ob in both the shor t and long term . Bell 
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Labs ' research , therefore , can have value both for i ts 
short-term impact on communications technology and for 
i ts long-term impact through the developing body of 
knowledge we expect to be impor tant for future Bell 
System technology . 

The short-term impacts of research are relatively 
easy to identify and evaluate . They will generally 
relate to well-developed technology known in our case to 
be important for communications , they will be important 
of and by themselves without need for other support ing 
developments , and there will generally exist some route 
by wh ich the research results can be incorporated into 
operating technology within a reasonable length of time . 
In applying the cr iter ion of shor t-term impact , two con
ditions are obviously necessary . First , the important 
technolog ies need to have been identif ied and accepted by 
the organization , and second , the group that evaluates 
the r esearch must be fully aware of the technolog ies . 

The long-term consequences of research are harder 
to identify and evaluate because they require j udgments 
about such matters as or ig inality , creativity , s ignifi
cance , soph istication , rel iability ,  and relevance to long
range goals . The most common view of evaluating research 
i s  probably one of assess ing the effects of a piece of 
research on its own nar row f ield of specializat ion--or 
perhaps on the somewhat broader area of science in which 
it is embeded . This is really a j udgment about short
term impact and therefore is relatively easy to make . 
But i t  leaves unanswered , for example , the expected 
long-tera impact of a special ized f ield of science on 
the goals of the organiation , either by itsel f or through 
i ts effects on a broader area of science . These can be 
difficult matters to decide in a context where research 
may have to be evaluated without a full appreciation and 
definition of the technology i t  is expected to serve . In 
the case of an agency l ike the National Sc ience Foundation 
it may amount to no mor e than a • feel ing • that h igh-energy 
phys ics , for example , is an impor tant area in which the 
United States should conduct research . The diff iculty of 
mak ing long-range evaluations in such cases is often 
expressed as the need to awa i t  the j udgment of history . 

Evaluating research for its long-range impact is 
aade eas ier at Bell Laborator ies because a consc ious 
e f fort is aade to identify the f ields of science and 
special izations that are cons idered to be impor tant for 
future Bell Labs technolog ies . A research evaluation 
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that points to an important impact on one of these f ields 
of science can therefore be presumed to have a valuable 
long-term impact on Bell Labs ' miss ion . 

Other measures of potential long-range impact , 
such as originality , creativity , s ignificance and sophis
tication , can generally be evaluated on the internal evi 
dence of a completed piece o f  research . They form an 
important par t of the Bell Labs evaluative process and 
a re h ighly valued because research per formed with those 
qual ities is very much more likely to have a lasting , 
long-term impact .  Concerning the question of reliability 
of a piece of research and its ability to stand the tes t 
of t ime ,  there is no substitute for close famil iar ity of 
the evaluators with the research being assessed . 

I t  should be evident that the procedures descr ibed 
here are closely tailored to the Bell Labs s ituation and 
may not be easily transferable to other industr ial or 
government settings . They may , however , contr ibute to 
the general understanding of how research can be effec
tively evaluated in one industr ial context and thereby 
provide lessons for use in other circumstances . 

A . M .  Clogston 

* * * 

Evaluation at Other Firms 

The manager s  of research d ivis ions at other f irms 
who responded to the request of the subcomittee for infor
mation made several additional points about the evaluation 
of bas ic research in industry , which can be summar ized a s  
follows : · 

On the whole , industry conducts i ts evaluation of 
basic research at three levels :  the individual scientist , 
aggregates of several to several dozen scientists ( some
times referred to as laborator ies , projects , or research 
units ) who work together on the same or related problems , 
and the entire divis ion or department of scientists who 
are engaged in bas ic research . The emphasis on evalua
tion at each level var ies widely among firms , and even 
f i rms that stress the same levels of evaluation rely on 
different procedures and practices . 
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�r example , DuPont , a firm wh ich , l ike Bell 
Laborator ies , assesses the per formance of individual 
employees ,  does so with cr iter ia and measures different 
f rom those used at Bell Laborator ies . The Bell evalua
tion highl ights the ability of employees to facilitate 
r esearch , as well as the ir scienti f ic accompl ishments , 
while evaluation at DuPont focuses on contr ibutions to 
scienti fic knowledge . Evidence on DuPont scientists is 
assembled from per iodic oral and wr itten reports provided 
by the scientists themselves and from external sources-
patents and publ ications , citation counts , invitations to 
l ecture or write reviews , and comments from scientists at 
universities who work in the same f ield . The evidence 
i s assessed annually by supervisors and manager s .  

Whatever the cr iter ia and measures used to assess 
ind ividuals , the j udgments that result become a major 
factor in personnel decis ions made at several of the 
f irms whose managers were contacted . Three major ele
ments of the professional careers of DuPont sc ientists 
--their compensation , chance for promotion , and freedom 
to pursue research problems of thei r  own choos ing--depend 
pr imar ily on the results of the annual evaluation . S imi
larly at Merck , where the middle management annually 
reviews the fundamental research that the f irm suppor ts ,  
the scientists in charge of the research are rewarded 
• if scienti f ic progress is be ing made . •  

The firms that evaluate the per formance of 
l aborator ies or research units typically do so , accord
ing to the ir  managers , for one or both of the following 
r easons : ( l )  to mark laborator ies or units that , on the 
bas is of projected productivity , should have the ir 
support either enlarged or reduced and ( 2 ) to identify 
results that have progressed far enough for them to be 
taken over by other units that specialize in the develop
ment of new products or manufactur ing technolog ies . Once 
a research unit is establ ished , cons iderable t ime and 
effor t may be spent monitor ing the course of the research 
e ffort and i ts results . Such assessment is practical in 
the case of industry because managers--who began their  
profess ional careers as scientists and then acqu ired 
admin istrative respons ibil ities--maintain regular contact 
with the units under the ir supervision . In addition , 
some f irms require oral or wr itten reports annually from 
all units as well . 

Decis ions about continu ing support for laborator ies 
or research un its are based on j udgments about the level 
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of progress that the uni t  has achieved . A verdict to 
d iscontinue suppor t i s  reached , however , only after suffi
cient time has passed to ensure that no pract ical results 
will be forthcoming . At Merck , for instance , • five to ten 
years--or even longer--would be the average duration of a 
fundamental research proj ect before the whistle is blown . • 
In the meantime , as appl ications of research results are 
perceived , managers spend time and effor t in assess ing 
the projected costs and benefits before recommending 
commerc ial development .  

COnsiderable t ime and effor t also is spent by the 
management at some f irms--and by the management at Exxon 
in particular--in dec iding whether to move into new f ields 
of bas ic research . Factor s that enter into the prospec
t ive , or • front end , •  assessment of such f ields at ExXon 
include the state of the sc ience and technology that are 
currently employed to meet the needs of the f irm , the 
level of progress that has already been achieved in the 
f ields proposed for expans ion , and the knowledge and 
skills required for an additional research uni t  to be 
productive . In other words , according to A. Schr ieshe im , 
•we [at  Exxon ] do not set up long-range research groups 
l ightly , and we do not abandon them precipitously . •  

Only two of the research manager s  we contacted 
r eport that their f i rms evaluate the units engaged in 
fundamental research as a whole . The assessment of the 
Central Research and Development Depar tment of DuPont,  
which is done retrospectively , takes into account the 
long per iods of t ime that may pass from the point of an 
initial discovery to its commercial appl icat ion . Thus , 
managers are requested per iodically to identify and tab
ulate the new products and improved manufactur ing pro
cesses resulting from bas ic research at DuPont over a 
ten-year per iod . By contrast , the retrospective evalua
t ion of IBM ' s  research d ivis ion focuses on the short 
term . Director s of the research units repor t annually 
to top management on the most s ignif icant results that 
came to l ight dur ing the previous year . 

The emphasis of the divis ion- or depar tment-level 
evaluation is on identifying •winners • --that is , bas ic 
research supported by the f i rm with some real or antici
pated commercial s ignif icance . TOp executives at IBM and 
DuPont do not expect that every project they suppor t will 
be successful , because they recogn ize the uncerta inties of 
bas ic research . •ane starts many things [ in industr ial 
laborator ies that suppor t bas ic research] , •  according to 
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Ralph Gonory of IBM, • in order to have some successes . •  
What the retrospect ive analysis does offer is evidence 
that the bas ic research units are achieving an accept
able number of s�ccesses . S ince the accompl ishments in 
scientific research at both f irms in recent years have 
been descr ibed by executives as • impress ive , •  ne ither 
IBM nor DuPont has deemed it necessary to review its 
basic research activities more extens ively . 

In summing up , Howard S immons of DuPont observes 
that •we [ the managers of fundamental research in indus
try] recognize the high r isk and low yield of fundamental 
research , we place our bets on outstand ing individuals , 
and we recognize that the s ignificance of fundamental 
r esearch may not become i lluminated until many years 
a fter the wor k has been accompl ished . • 

* * * 

The subcommittee wishes to thank the following 
i ndividuals who responded in wr iting to our request for 
information about the evaluation procedures used in 
industry s A . M.  Clogston , Executive Director , Research , 
Physics and Academic Affairs  Divis ion , Bell 
Laborator ies , Ralph B .  Gomory , Vice President & Director 
of Research , IBM International Bus iness Machines 
Corporation , Lewis H. Sarett , Senior Vice Pres ident , 
Science and �chnology , Merck & Company , Inc . , A. 
Schr iesheim , General Manager ,  Engineer ing �chnology 
Department , EXXON Research and Eng ineer ing Company J 
Boward B . S immons , Jr . ,  Director , Central Research & 
Development Depar tment , B. I . du Pont de Nemour s  & 
Company , Inc . , and L . J .  Thomas , Director , Research 
Laborator ies , Eastman Kodak Company . 
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APPENDIX B 

ROW SCIENCE JOURNALS PICK PAPERS 1 

SUMMARY OP A SURVEY 

Lawrence s .  Wolfarth 

The editors of almost all major scientific j ournals base 
thei r  dec is ions as to what papers to publ ish us ing peer 
b ased j udgments of scientific mer i t .  Peer review proce
dures date from the publ ication of the f irst scientific 
j ournals in the seventeenth century ( Zuckerman and Merton 
1971) , and moder n  scientists have come to regard the 
p rocess as cr itical to ensur ing a h igh quality of scien
tific research . I t  has been character ized by the Engl ish 
phys icist , John Z iman (1968) z 

The fact is that the publ ication of 
scientific papers i s  by no means uncon
strained . An article in a reputable journa l 
does not merely represent the opinions of i ts 
author J it bears the impr imatur of scienti fic 
authenticity ,  as g iven to it by the editor 
and the referees he may have consulted . The 
referee is the lynchpin about which the whole 
bus iness of Science is pivoted . 

Given the charge of assess ing methods for 
postper formance evaluation , the subcomittee wanted to 
u nderstand better the s tructure and operation of the 
r eview system used by scientific journals for evaluating 
the knowledge gained from basic research . Accordingly , 
editor s of the pr incipal journals sponsored by the 
Amer ican Chemical Soc iety (ACS ) were contacted and asked 
to descr ibe how manuscr ipts from scientists are evaluated 
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and decis ions to publish are made . Eleven editors of ACS
affil iated journals and the editor of the nonaffil iated 
Journal of Chemical Phys ics replied . The ir r esponses are 
summar ized in this repor t , which covers such matters as 
acceptance rates , the process of selecting reviewers , 
guidel ines for reviews and the i r  appl ication , and the 
process of mak ing decis ions to publ ish or not . 

Acceptance Rates for Manuscr ipts 

The statistics provided by the editors about the 
fate of paper s submitted to the i r  respective journals 
i ndicate that chemical journals are moderately selec
tive . Dur ing 1980 (or , for some of the journals , a 
per iod of several years ending in 1980) , the rate at 
which paper s were rej ected outr ight ranged from 20 per 
cent to 5 2  percent , with half of the journals rejecting 
30 percent or more . These f igures are supported by data 
from the annual report of the Amer ican Chemical Society 
(Chemistry and Engineer ing News , Apr i l  13 , 1981 ) , wh ich 
indicate that two manuscr ipts are publ ished for every 
three received . 

Nearly all manuscr ipts accepted by the chemical 
journals on which we had information requ ired some revi
s ion before they were deemed publ ishable . The l ikel i
hood of a paper appear ing without need for any revisions 
r anged f rom zero to 10 percent . Perhaps not surpr is
ingly , several editor s expressed dismay when reporting 
the percentages , they indicated that the problem of 
revis ions reflects an inability of many scientists to 
communicate ideas clearly and log ically . Nonetheless , 
the changes required for most manuscr ipts were minor . 
One editor repor ted that 5 8  percent of all manuscr ipts 
sent to his  journal were accepted after a single set of 
modifications , two other ed itors observed that only 25  
to 30 percent requ ired a second revis ion . 

The Selection of Reviewers 

Impl icit in the accounts of how editors assign 
r eviewers was a pr imary concern that reviewers need to be 
knowledgeable enough about the topics and methods that 
are covered in the paper to be able to gauge i ts s ignifi
cance and to make any appropr iate technical cr iticisms . 
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Por th i s  reason , reviewer s are generally found through 
profess ional interactions that allow the editor to j udge 
f irsthand the knowledge and abilities of prospective 
r eviewers . FOr instance , one editor claimed that he 
f irst met most of his  reviewers at scientific confer 
ences . TWO of the editors s tated that they rely on 
scientists who recently publ ished in the i r  journal , 
a rguing that scientists who have been exposed directly 
to editor ial standards and preferences will probably 
produce better reviews . Young researchers are employed 
as reviewer s  by another edi tor whenever poss ible because 
•very often the leading scientists in an area are so 
overwhelmed by demands on the i r  time that they cannot 
r ead papers carefully . • 

Por par ticular papers ,  depending on the editor , 
the l is t  of potential reviewers may be supplemented 
e ither by including scientists whose work is cited in 
the paper or by requesting authors to submi t the na.es 
of scientists who are knowledgeable about the area of 
research . In such cases , editors--for that matter , mos t 
scientists--presume that personal t ies cause no problem 
of b ias or favor itism because they assume that reviewers 
w ill provide an even-handed assessment of the paper as a 
matter of course . (FOr evidence support ing this assump
t ion ,  see Zuckerman and Merton 1971 . ) Should the rating 
or comments suggest that a reviewer is biased or plainly 
prejudiced , an ed itor is likely to remove the offending 
scientist from the list of prospective reviewers , accord
ing to those editors who took par t  in the survey . 

The assignment of specific reviewers to a 
manuscr ipt , for n ine of the ten journals on wh ich we had 
information , i s  done informally . After a manuscr ipt i s  
received at the j ournal ' s  office , a n  editor reviews the 
abstract so as to decide whether the topics covered are 
pertinent to the readers . If they are , the editor then 
identifies two or three scientists from the list of 
potential reviewers whose profess ional interests and 
research match those of the paper . The scientists are 
asked to take on the ass ignment i f  they can meet the 
deadlines . 

The s ingle journal that has formalized i ts system 
of ass igning reviewers is Biochemistry. The bas is of 
the system is a questionnaire sent in 1979 to some 3 , 500 
l ife scientists , ask ing them to class ify thei r  research 
i nterests from among 75 categor ies . ( See Garson 1980 for 
details . )  The responses were transferred to a computer 
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f ile that now contains the na.e , address , and five 
pr incipal interests of each respondent .  When a manu
scr ipt is rece ived by Biochemistry ,  i t  is  coded a s  to 
subj ect content and research methods , and this informa
tion is entered into a computer . The coaputer then coa
pares the codes to the s tored information and produces 
the names of two su itable reviewers , along with their  
current addresses and records of previous reviews . It 
i s  not yet clear whether the computer ized system yields 
better reviews or distr ibutes the burden of reviewing 
more equi tably or both , but computer ization has facili
tated one important task in running a journal . 

Among the problems faced by editor s in deal ing 
w i th reviewers is f inding scientists who are conscien
t ious about standards and deadl ines and capable of 
evaluating any paper regardless of i ts co�lexity or 
scope . The best reviewers are generally distinguished 
researchers whose schedules are apt to be f illed with 
profess ional commi tments .  Two of our respondents state 
that they del iberately l imit to four or leas the number 
of manuscr ipts sent to top scientists in a g iven year so 
a s  to avoid overburdening them . Another more ser ious 
problem is the reviewer who fails to meet deadl ines 
( r ang ing from two weeks to several months ) or who returns 

vague or incomplete comments that sugges t he never read 
the paper carefully . The offending reviewers are usually 
el iminated from the list  of potential reviewers when such 
m isbehavior persists . 

Guidel ines for Reviewers 

The ratings of manuscr ipts by even the most 
consc ientious reviewers are l ikely to diverge because of 
the var iety of cr iter ia on which papers can be j udged . 
Editor s can help to ensure that the focus of the reviews 
is comparable by setting out the cr iteria that ought to 
gu ide the evaluation of papers and by communicating these 
c r i te r ia in wr iting to reviewers at the t ime the manu
scr ipt is sent . We asked editor s to provide us with 
their personal v iews about the guidel ines for reviewing . 
We also requested copies of any formal response form 
used by reviewers as well as any guidel ines provided to 
author s and reviewers , g iving the technical , substantive , 
and other requirements for manuscr ipts and the cr iter ia 
for publication . 
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Editor s stressed three cr iter ia in answer ing our 
question about guidel ines : scope ( .. ntioned specifically 
by f ive editors ) ,  adequacy of the exper i .. ntal work 
descr ibed ( .. ntioned by f ive ) , and the s igni ficance of 
the research (also mentioned f ive times ) . The first con
cerns whether or not a manuscr ipt is l ikely to appeal to 
r eaders of the journal . Thus , an ed i tor for a nonspe
c ial ized publ ication l ike the Journal of the Amer ican 
Cheaical Society (JACS ) looks for papers that cut across 
t r aditional d ivis ions between f ields in chemistry . An 
editor for special ized journals such as Biochemistry or 
Organometall ic& prefers papers that deal with theoretical 
or methodolog ical issues that are specific to a f ield . 
Ar t icles that descr ibe results or techniques with obvious 
oo.aercial s ignificance are preferred by editor s of 
appl ied chemistry j ournals . The second cr iter ion fre� 
quently mentioned by the edi tor s is one wh ich , in the 
eyes of several editors ,  is the essence of good science . 
•Theor ies and rational izations often don • t  stand the 
test of t ime , •  one editor remar ks , •but the exper iment 
should . •  Another states that paper s based on • shoddy 
exper imental work •  are not accepted by his  journal under 
any circumstances . The third cr iter ion concerns the 
ability of the author to br ing together recent develop
ments within a field and to make sense of them .  Editor s 
a re careful to d istingu ish this aspect of the research 
from its or ig inal ity , or •sheer novelty •  value .  

cur iously , the cr iter ion mentioned most frequently 
in the wr itten instructions to reviewers is not one of 
the three cr iter ia . Ten of the journals call on reviewers 
to cons ider elements of style--the organization of ideas , 
the clar i ty and conciseness of the prose , and the proper 
use of English . I t  could be that editor s do not emphas ize 
scope , qual ity of exper imental work , or s ignif icance of 
r esults because they assume that reviewers will usually 
take such essentials into account .  Or i t  could be that 
only cr iteria that apply to particular journals need to 
be communicated to reviewers . In the case of the 
Physical Review Letters , for example , when the editor s 
decided to shift its emphasis from •novelty and timeli
ness • to •general interest , •  they published an announce
ment that expla ined the change in policy and the reasons 
behind it (Lazarus 1980 ) . Accordingly , the concerns of 
e d i tors about s tyle may be an attempt to make reviewers 
conscious of the specific ed itor ial pol icies or 
preferences of chemistry journals . 
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The Process of Decision-Mak ing 

Editors decide to publ ish a manuscr ipt or not 
after  a j udicious we ighing of the coaments and recaa.en
dations of the reviewers .  If the opinion o f  reviewers 
about a paper is unanimous , editor s nearly always act 
accordingly . More frequently , however , reviewers dis
agree . In those situations , editor s may take a second 
look at the manuscr ipt to determine whether they can 
rende r a deciding opinion . Otherwise , additional opin
ions may be sought from more reviewers (at the r isk of 
delaying the f inal decis ion for months ) or from members 
of an editor ial board . In addition , the author ( s )  may 
be asked to reply to the cr iticisms raised by the first 
set of reviewers . To reach the f inal decis ion , editors 
usually cons ider the comments in terms of who said what . 
Thus the opinion of a researcher who is very active and 
knowledgeable in the f ield or of a scientist whose past 
j udgments have generally been proved cor rect may weigh 
heavily . 

The effor t expended on papers about which 
reviewers disagree seems to suggest that the peer system 
can in fact d istinguish d ifferences in scientific quality 
or mer it . This assumption has been examined at least 
twice in recent years by editors of scienti f ic publ ica
tions , us ing data from thei r  files . Cheves Wall ing 
(n . d . ) ,  the senior editor of the Journal of the Amer ican 

Chemical Society (JACS ) , looked at pairs of reviewers ' 
r ecommendations about whether or not to publish , among 
random samples of 121 •communications • (papers of only a 
few pages )  and 8 5  longer papers . The distr ibutions of 
recommendations were compared with d istr ibutions that 
would be expected under var ious assumptions about the 
integrity of reviewers and the quality of manuscr ipts . 
Wall ing found that the actual d istr ibutions agreed 
closely with a model in which ( 1 )  reviewers are presumed 
to treat each paper fairly ,  and ( 2 ) papers can be classi
f ied on the bas i s  of quality into three types : papers 
that clearly should be publ ished , those that should not 
be publ ished , and those that Wall ing characterized as 
•marg inal , •  repor ting competent but not exceptionally 
good or apparently s ignificant research . Accord ing to 
the model , approximately one-third of the full-length 
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papers ( 31 of 8 5 )  would be of the f irst type , and the 
rema inder would be of the third type J of the 121 •commun
ications , •  16  percent ( 19 )  would be class ified as clearly 
super ior ( f irst type ) , 7 percent ( 8 )  as clearly infer ior 
( second type ) , and the other 77 percent ( 9 4 )  as marg inal 
in quality ( third type ) . 

In a study of Phys ical Review Letters , Adair and 
Tr igg (1979 ) examined the recommendat ions of reviewers 
for a sample of submitted manuscr ipts . Approximately 
one-s ixth of the manuscr ipts rece ived a unanimous recom
mendat ion to publish , another s ixth received a unanimous 
recommendation not to publ ish , and the remaining two
thirds were manuscr ipts about which the referees ( usually 
two in number ) could not agree . The editors concluded 
that , for the large proportion of papers that do not 
appear exceptional , the final decision to publ ish or not 
depends more on chance , especially in the ass igning of 
reviewers ,  than on the paper ' s  qual i ty .  

Summary and Conclus ions 

In sum , the replies from our sample of editor s 
ind icate that the procedures used to select papers for 
publ ication in chemical journals depend heavily on the 
profess ional j udgments of editors and the reviewing 
scientists . The per formance of journal peer reviews ,  
quantitatively speak ing , does not seem to j ustify the 
effor t :  Only one-third of papers that are submitted are 
in fact excluded , and many of the papers that do appear 
are not unanimous selections . 

Despite the f inding , both Wall ing and the edi tors 
of Phys ics Review Letters offer two strong arguments for 
maintain ing the current procedures or some var iat ion ,  
which can be summar ized as follows : 

First,  i t  is not clear that any other system would 
yield a s ignif icant improvement in the final result , 
because the major ity of papers cannot be clearly d istin
guished with respect to qual ity .  The edi tor s of the 
Physical Review Letters note that • i f  two-thirds of the 
paper s  that we accept were replaced by two-th irds of the 
papers that we reject , the qual i ty of the journal would 
not be changed . • The edi tor s did cons ider one proposal 
that , in the interests of economy , Phys ical Review 
Letters not use any system to assess scientific mer i t  
and s imply open the j ournal to a l l  papers that meet some 

Copyright © National Academy of Sciences. All rights reserved.

Quality of Research in Science:  Methods for Postperformance Evaluation in the National Science Foundation
http://www.nap.edu/catalog.php?record_id=19536

http://www.nap.edu/catalog.php?record_id=19536


- 7 2  -

minimal standards or crite r ia .  The proposal was 
r ej ected , though , because it would have forced the 
journal to expand to accomodate the increased nuaber of 
manuscr ipts l ikely to be submitted ( at s ignif icant cost 
to the readership) , many of wh ich might never have been 
subaitted under a system that eaploys peer j udgaent . 

Second , and more s igni ficantly , peer evaluation s 
apparently permit editors to identify exceptional papers ,  
thus helping to ensure that the best ideas and research 
a re available through the l iterature to the scientific 
community and that obviously bad research and incorrect 
r esults are not promulgated . Those who benefit most 
include active researchers faced with the problem of 
s taying abreast of current developments in their f ield . 
Whether journals actually fulfill the role as scientific 
g atekeepers , as Wall ing has observed , depends on the 
profess ional j udgment of the editor--and , in particular , 
on his ability to select respons ible and conscientious 
referees and to determine what we ight should be g iven to 
the v iews of each . 

The subcommittee wishes to thank the following 
editors for the i r  cooperation in this survey a Joseph P .  
Bunnett , Accounts o f  Chemical Research , Russell P . 
Chr istman , and Kather ine I .  Biggs , Manag ing Editor , 
Environmental Science & Technology J Mostafa A .  Bl-Sayed,  
Journal of Phys ical Chemistry , Preder ick D .  Greene , 
Journal of Organic ChemistrY J George B .  Morr ison , 
Analytical Chemistry ,  Bans Neurath , Biochemistry , Rober t  
L .  Pigford , I&EC PundamentalS J Philip s .  Portoghese , 
Journal of Medicinal Chemistry , Dietmar Seyfer th ,  
Organometallics J J .  Willard Stout , Journal of Chemical 
Phys ics , Cheves Wall ing , Journal of the Amer ican 
Chemical SocietY J and Pield B .  Winslow , Macromolecules . 
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APPENDIX C 

STUDIES RELATED TO TBE EVALUATION 
OF SCIENTIFIC RESEARCH 

Senta A. Raizen and Lawrence s .  WOlfarth 

A var iety of studies related to the evaluation of basic 
research have been sponsored or per formed by federal 
agenc ies . The studies summar ized below concentrate 
largely ,  but not exclus ively , on research suppor ted by 
the two agencies that aake the largest federal investment 
in bas ic research--the National Sc ience Foundation (NSF ) 
and the National Institutes of Health (NIB ) . The studies 
were selected for their  relevance to the subcommittee ' s 
explorat ion of evaluation methods employed by federal 
agencies ; hence , the summar ies concentrate on the proce
d ures and criter ia used in each study , though results 
generally are noted as well . The appendix is organized 
according to the type of investigation represented : 
Assessments of Agency Evaluation Procedures , Evaluation s 
of Agency Programs , Assessments of B ibliometr ics , and 
Retrospective Stud ies .  

Assessments of Agency Evaluation Procedures 

TWo recently completed studies examined a numbe r 
o f  aspects of the proposal review process at NSF and NIB . 
Proposal evaluation is relevant to postper formance evalu
a t ion of research because previous research per formance by 
a proposer is a key criter ion in the review . When pas t 
r esearch was suppor ted by ear l ier grants from the agency , 
evaluations of a proposal requesting funds for continua
t ion of the work constitutes a form of postperformance 
evaluations . 

Accountability Procedures in NSF and NIH Research Grant 
Systems (GAO 1981 ) . For this analys is the evaluators 
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f rom the General Accounting Off ice (GAO) selected at 
random a sample of 2 S  NIB and SO NSF grants ending in 
f iscal year 1978 . The sample was drawn from the set of 
all grants for independent research awarded to faculty 
members at s ix major research universities . Data for 
each grant were collected in the following ways : The 
contents of the agency ' s  folder--e . g . , the or ig inal pro
posal and supplementary mater ials froa the pr inc ipal 
investigator ( s ) , comments of reviewers , and the recommen
dations of program off ic ials--were examined and coded a s  
t o  what k inds o f  information had been included . S imilar 
information was gathered for grants to the same invest i
gators immediately preceding the sampled grants and for 
renewal proposals .  Some of the pr inc ipal investigator s , 
program offic ials , and reviewers were interviewed about 
the obj ectives of the research as they understood i t  and 
asked whether the obj ectives had been accomplished . 

In all , 2 3  of the 2 S  NIB grants and 2 7  of the S O  
NSF g rants had been followed by a request for additional 
funding . Four of the NIH renewal proposals were rejected 
outr ight , and an additional seven were funded at levels 
less than had been requested . None of the NSF proposals 
were turned down , though ten investigators did not 
rece ive all the funding requested . The GAO concluded 
that the discrepencies between the agenc ies in the rate 
of renewal rejection could be explained by d ifference s 
in the degree to which agency procedures make investiga
tor s accountable for what had been achieved with previous 
funding : NIB required that all renewal proposals restate 
the obj ectives of the initial grant and list the publica
t ions that resulted J by contrast , NSF only requ ired evi 
dence that the applicants a r e  competent to carry out the 
r esearch as proposed . Accord ingly , the GAO recommended 
that NSF change its procedures in order to make renewal 
applicants more respons ible for what had been accomp
lished with agency funds in the previous grant period . 

The GAO invited offic ials from the s ix major 
research universities that administered the grants a s  
well a s  f rom NSF and NIH to comment on a draft of ita 
repor t .  The administrators , whose comments have been 
included in the f inal repor t ,  critic ized the design of 
the study for the following reasons : First , g iven the 
small number of grants sampled , differences in the rate 
of reject ion for renewal proposals could be due to an 
unrepresentative sample r ather than to differences in 
procedures . Second , the GAO failed to cons ider a numbe r 

• 
I 
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of other factor s that could have contr ibuted to th e 
d ifference : var iation among d isc iplines in the propor
tion of proposals that are funded , a potentially s ignif i 
cant factor because the NIB grants were drawn f r om  the 
natural sc iences whi le those in the NSP sample came from 
both the natural and the behavioral sc iences , differences 
in agency policies and practices for renewal proposals , 
a factor implic it in the f inding that 92 percent of the 
sampled NIB grants compared with only 54 percent of the 
NSF g rants were followed by renewal requests , and d iffer
ences in the sc ientific mer it of the renewal proposals 
s ubaitted to each agency or in the types and amount of 
funding requested . 

Peer Review Procedures in the Selection Among Proposals 
for Independent Research (Cole et al . 1978 ) . Ten NSF 
programs with different types of proposal review proce
dures were selected for assessment . Prom each program ,  
a random sample o f  50  grant appl ications was chosen , 
including new research proj ects that had been funded and 
some that were not--all submitted dur ing fiscal year 
197 5 .  The unit o f  analys is was the pr incipal investi
gator , the analysis focused on whether the likelihood o f  
be ing awarded NSF grants d iffers for scient ists with 
different profess ional backgrounds and records . 

The following data were collected and then analyzed 
by regress ion techniques to establish the effect of the 
following attr ibutes of scientists on the decision to 
fund : 1) age of pr inc ipal investigator , 2 )  prestige rank
ing of Ph . D .  department ( us ing 1964  ACE rank ings) , 3 )  type 
of present institution (doctorate granting or not) , 4 )  
r ank of cur rent academic department ( using 1969 ACE r ank
ings ) , 5 )  academic rank , 6 )  amount of money applied for in 
f i rst year of proposed work , 7 )  number of papers published 
between 196 5  and 1974 (as s ingle author , first author , 
s econd author , etc . ) ,  8 )  c itation counts , 9 )  results of any 
ear l ier attempts to gain NSP funding , 10 ) rating g iven the 
current proposal by the NSF program d irector , 11)  the aver
age rating g iven by external reviewers ,  12 ) type of insti
tution of each reviewer , 13 ) prestige of each reviewer ' s  
department ,  and 14 ) geographic location of reviewers and 
applicant . 

A follow-up study (Cole et al . 198la )  looked at 
the funding decis ions for 150 add itional proposals--so  
proposals submitted to NSF dur ing 1976  to each of three 
programs , 25 that had been funded and 25 that had been 
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declined . A new set of rev iewers identified by the 
authors ,  with help from the Committee on Science and 
Publ ic Policy of the National Academy of Sciences , wa s 
a sked to take par t in a •blind •  review of the proposals 
( i . e . , with clues on the identity of the pr inc ipal inve s 
t igator ( & )  removed ) a s  well a s  i n  a standard type of 
review in wh ich the pr inc ipal investigator ( & )  were iden 
t if ied . Data collected were ratings on the proposals a 
the or ig inal NSF ratings , reratings of the same proposal s 
by the second set of experts , and reratings of the same 
proposals when •blinded . •  Data on author s and reviewers 
s imilar to the data in the initial study also were 
collected . 

The initial study found that in general , the NSF 
peer review system results in proposals be ing j udged on 
the ir own mer it and , specif ically , that decisions are not 
biased by the status or pos ition of the applicant ( s ) . The 
authors found high correlations between funding decisions 
and the ratings g iven the proposal by peer reviewers , but 
low or moderate correlat ions between funding dec is ions 
and the profess ional status of the appl icants or the i r 
academic depar tments . An unexpected result , at least in 
the context of NSF ' s  requirement that applicants demon
strate the ir ability to conduct the proposed research , 
was the low cor relation between funding dec is ions and 
b ibl iometr ically der ived ind icators of the impact of 
previous research . 

The follow-up study corroborated the init ial 
analysis  in f ind ing no evidence of rat ing bias in favo r 
of eminent or established sc ientists among the appli
cants . Moreover , no evidence of bias was found in the 
selection of reviewers by NSF program d irectors . On the 
average , proposals that rece ived high mean ratings from 
NSF r eviewers rece ived high mean r atings from the second 
se t of reviewers , and no impor tant systematic differenc e  
was found for the two sets of reviewers for any o f  the 
fields . With respect to blind ing , the author s concluded 
that , s ince anonymity of establ ished researchers was d if
f icult to accomplish and reviewers found bl ind proposal s 
more d iff icult to evaluate , and s ince there was no clear 
improvement in the quality of reviews , NSF should not 
change its procedures in order to conceal the identity 
of appl icants . 

On examining the scores g iven to individual 
proposals , the author s found that the var iation in rat ing s 
of the same proposal was greater than the var iation in the 
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average r atings of different proposals . ror the proposals 
ranked in the middle three quinti les on the basis of 
average scores g iven by NSP reviewers , evidence suggests 
that funding decisions for 30 to 4 4  percent of those 
proposals would have been reversed had another set of 
reviewers been used . Rever sal rates for the qu intile s  
of h ighest and lowest scored proposals , however , would 
have been only 10 and 16 percent , respectively .  The 
Coles ( 198lb) concluded from the evidence that • the fund
ing of a specific proposal submitted to the NSP is to a 
s igni f icant extent dependent on the appl icant ' s  luck in 
the program director ' s  choice of reviewers • • • •  • 

This last conclusion has beca.e the subject for 
much comment in both scient ific journals and the gener a l  
press . In a letter to Science , Singer ( 1981 )  argued that 
attr ibuting reversal rates to the element of chance in 
r eviewer selection would not be reasonable unt il other 
poss ible--and likely--causes of reviewer disagreemen t 
have been ruled out , including the poss ibility that NSP 
reviewers and the experts selected by the COles used d i f 
ferent criteria o r  stressed the same cr iter ia to varying 
degree . In the same letter and in subsequent editor ials 
in  Science (Clark 1982 ) and in The Wall Street Journal 
(November 23 , 1981) , it is argued that some rever sal s 
are inevitable because the proposals in the middle range 
received scores that l ie very near the cut-off point for 
fund ing . As The Wall Street Journal concludes , • (A) ll 
you can ultimately do about the phenomenon is try to 
design the panels and appl icat ion routes to make sure 
the debates [ about wh ich proposals should be funded ) 
occur about reasonable alternat ives . •  

Evaluations of Agency Programs 

Most federally sponsored evaluat ions of research 
pe rformance have as their aim the assessment of specific 
agency programs or compar isons of per formance r esult ing 
from alternat ive funding patterns for research in a g ive n 
area . The evaluation method most commonly used is some 
form of peer review of ongoing wor k or completed wor k , 
often in form of publ ished results . B ibl iometr ic analysis 
( see below) serves as a supplementary method in some 
s tud ies and occas ionally as the pr imary evaluat ion method . 
The subsection below summar izes major NSF program evalua
t ions J for comparison , some studies assessing extramural 
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NIB programs are included , as well as procedures for 
evaluating NIH intramural research . The last two sum
mar ies in this section deal with evaluat ions in two other 
federal agenc ies particularly aimed at postper formance 
assessment of research . 

National Science Poundation 

Oceanography Program (NSF 1980 ) . The universe sampled 
for th is study was all 9 5  oceanograph ic projects coa
pleted in 1976 and funded by NSF for at least two years . 
A random sample of 50 such proj ects was studied , includ
ing some successful and unsuccessful applicants for 
renewal grants . •control • proj ects--to provide a stan 
dard of per formance--were identif ied by compiling a l ist 
of  authors not funded by NSP who had published two or  
more articles dur ing 1975  to 1978  in journals in which 
NSP-sponsored oceanograph ic research had appeared , then 
selecting 2 5  of these authors at random . 

The papers or abstracts resulting from an NSF 
g rant or published dur ing an analogous time per iod by one 
of the 2 5  non-NSF author s were rated by peer reviewers a s  
to how they compared on a scale rang ing froa 1 to 100 • to 
all contemporary bas ic research proj ects in oceanography . • 
Each •proj ect• rece ived from one to three reviews . In 
all , 43 of the 75 proj ect ratings were based on reviews 
of both abstracts and full papers , 19 on reviews of 
abstracts only , 13  on reviews of papers only .  Publica
t ion counts and c itation counts were also calculated , 
and the data were compared with the peer ratings . 

Proposal and postgrant peer rat ings d id not match 
wel l  except for one of the subd isciplines ' nor d id pro
posal ratings match publication and citation measures too 
closely . NSP program director s appeared to be better pre
d ictors than peer reviewers , j udg ing by how closely the ir 
rat ing s  of proposals compared to postgrant rat ings of 
papers or abstracts . Renewal proposals that were funded 
came from proj ects scor ing higher (on the average ) in 
postgrant review than renewal proposals that were denied 
or projects for wh ich no renewal proposal was submitted . 
The authors compared the peer ratings of abstracts and 
publ ications of the NSF proj ects with those of the con
trol proj ects and determined that the quality of research 
suppor ted by NSF was slightly--though not s ignificantly--
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� igher . There was little difference between NSF and 
control proj ects in the number of c itations per 
publ ications . 

The des ign of the study bas been criticized by the 
Congress ional Reference Service ( Knezo 1980 ) for the 
following reasons : ( 1 )  NSF d id not design the control 
g roup of 25 non-NSF •proj ects • to be representative of 
oceanograph ic research in general . Presumably the popu
lation includes mar ine sc ientists whose work appear s  i n  
nonmar ine journals as well as sc ient ists with pr ivate 
firms and univers ities who do not publish . Yet no effor t 
was made to assess whether the character istics of the 
control group were comparable to the population as a 
whole . ( 2 )  Ne ither d id NSF des ign its control group to 
be comparable to NSF-funded oceanograph ic research . On 
the one hand , the compar ison of productivity might have 
been biased in favor of the control •projects , • which 
had to have publ ished at least two papers in order to be 
included . On the other hand , the analys is appeared to 
favor NSF , because control •projects • consisted of the 
paper s  of a s ingle author whi le NSF-sponsored proj ects 
sometimes involved mult iple researchers publishing sepa
rately . ( 3 ) Because reviewers were closely connected with 
NSF ' s  oceanography program and familiar with many of the 
proj ects , thei r  evaluat ions might have been biased . Ye t 
NSF d id not attempt to assign reviewers at r andom or to 
assess the effects of not doing so . (4 ) NSF d id not 
a ssess the validity or reliability of its measures of 
research quality . In particular , the measure which asked 
r eviewers to compare the quality of the work to • all con
temporary projects • was unl ikely to yield consistent peer 
r atings because the standard of reference was so vague .  
( 5 )  Given the var iability in the measures of sc ientific 
qual i ty ,  the samples were too small to provide reliable 
estimates of differences between NSF-sponsored and other 
r esearchers . 

Chemistry Program : A Proeosed Evaluation Study (NSF 198 1 ) . 
The NSF Off ice of Aud it and Oversight has selected SO NSF
supported projects and 25 other •proj ects • in chemistry to 
be reviewed through peer evaluation of paper s ,  reports , 
and other publ icat ions . The NSF-suppor ted projects are 
a sample drawn at random from the 214 projects completed 
in 1976 . Each of these proj ects cons ists of from 1 to 
150 publ ications , a f inal repor t ,  and optional comments 
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by pr inc ipal investigators . The 2 5  •proj ects • that ar e 
to serve as a control group have been def ined by identi
fy ing through Chemical Abstracts the keywords that char 
acter ize the work in half the NSP proj ects . Us ing the 
same keywords , names of authors not supported by NSP bu t 
work ing in the same areas have been ident i f ied ,  and all 
publ ications froa the same t ime per iod as the NSP proj 
ects have been located for 25 of these authors .  It is 
these publ ications that make up the contents of the 
control •proj ects . •  

NSP states that the sample of control proj ects 
•w ill allow only for a check or cal ibration of the 
r eviewer ' s  perception of the quality of all contemporary 
research • • • •  • S ince some 70 percent of all published 
r esearch in chemistry does not have NSP support and the 
over lap between NSP and other federal agency suppor t in 
the same areas is smal l ,  a sample of 2 5  will not contain 
enough proj ects to make compar isons between agenc ies .  

At some t ime in the future ,  NSP would l ike each 
of the 75 proj ects to receive three separate reviews 
rating each on how ita publ ications compare to those of 
all other cur rent proj ects in the area . Reviewers w i l l  
also b e  asked to classify the work as theoret ical , empir
ical , or facilitative , and as or ig inal or der ivative . 
Peer rat ings are to be compared with bibliometr ic data 
•to determine the extent to which citation analys is can 
be used as a surrogate for more intens ive evaluations . •  

Mater ials Research Laboratory Program (Ling et al . 197 7 , 
see also Ling and Hand 1980 ) . At the time of the study , 
there were 20 mater ials research laborator ies (MRL ' a ) 
that received •core , •  or institutional , fund ing from 
e ither NSP (which supported 16 MRL ' a ) , Department of 
Energy ( 2  MRL ' a ) , or NASA ( 2  MRL ' a ) . The research per 
formed through institut ional fund ing at these labora
tor ies was compared to proj ect-funded research at 1 5  
universities that d id not rece ive any core funding but 
obta ined the largest amount of NSP proj ect funds of al l 
universit ies over a s ix-year per iod . 

The research capability of the institutions and 
qual ity of proj ects was evaluated as follows : The pro
fess ional status of sc ientists was assessed qualitatively 
by a panel of 19 experts and quantitatively on the bas is 
of the number of individual sc ient ific awards rece ived . 
The degree of over lap in research areas , duration and 
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turnover of research areas , continu ity of funding , and 
concentrat ion of fund ing were also determined . Avail
ability of equipment was determined for a subsample of 
eleven MRL ' s  and nine univers ities . 

Publ icat ions were evaluated as the pr inc ipal 
product of research . In all , 215 mater ials sc ience 
experts reviewed 690 papers , strat ified accord ing to type 
of support and selected character istics of the author ' s 
institut ion .  Character istics cons idered in the review 
included 1 )  qual ity of the research wor k as measured by 
technical depth and accuracy , 2 )  degree of innovation , 
3 )  impact on sc ienti f ic progress , and 4 )  level of inte r 
disc ipl inary collaboration--one o f  the rationales for 
core fund ing of MRL ' s .  In addition , citation counts wer e  
obta ined for the 690 papers and for some 1 , 609 other 
paper s  on mater ials research published in 1973 . Cross
check ing of highly c ited papers against peer reviews 
revealed that the number of citations cor related with 
favorable comments by reviewers . 

Productivity was est imated by tabulat ing achieve
ments or publ icat ions and compar ing them with an estimate 
of the administrative costs . Some 403  achievements wer e 
assessed by the same 19 experts who had rated the profes
sional status of the researchers . Administrative costs 
were est imated based on the dollars and the t ime spent 
on nonresearch activities . 

The evaluators found that eminent researchers 
were attracted to those laborator ies at which they wer e 
provided with a great range of sophisticated equipment .  
The administrative costs o f  MRL ' s  tended to be lower , 
p r imar i ly because the researchers d id not need to invest 
the time needed by independent researchers to wr ite pro
posals for proj ect grants . No definit ive evidence was 
found , however ,  to ind icate whether research conducted 
at MRL ' s  was qual itat ively better than that done through 
proj ect grants . In fact , the only di fference in the 
outcomes of research by the two groups pertained to the 
type of research conducted : Papers published by MRL ' s 
emphas ized exper imental and eng ineer ing-or iented results 
more than those by independent researchers . 

Science Information Activities (Manuel et  al . 1977 ) . 
The study was intended to assess the recent increase i n  
quant ity and availability o f  the informat ion med ia that 
serve scientists--books , journals , and dat a sys tems . 
The evaluators used citat ion counts to estimate the 
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actual use of NSF-sponsored media by scientists and to 
assess the effects of publications supported by NSF on 
spec ific areas of research . 

In all , some S O O  papers in the informat ion sciences 
were selected for analysis from more than 1 , 000 paper s 
identif ied by sampling at random S papers from each of lS 
top journals in the f ield for each year between 1970 and 
1974 . Only papers for which the following information was 
available were included among the SOO : t itle , author ( a ) , 
name of journal reference , affiliation of f irst author , 
fund ing source , and number of c itations to the paper 
two , f ive , and ten years after publ icat ion . Cr iter ia 
for assessment included the following : 1) product ivity 
--number of art icles publ ished compared to NSF ' s  share 
of total ( federal ) funds spent in f ield , 2 )  relevance o r  
short-term impact--proportion of articles c ited i n  the 
second year after publ ication , 3 )  s ignif icance or long
term impact--propor tion of art icles cited f ive or ten 
year s after publ ication and citation frequency , 4 )  
innovation--earl iness ( t ime rank ) of publ ication of 
articles in f ield . 

The f indings with respect to NSF-supported 
research in the information sc iences were : First , NSF
sponsored research is as productive as other research , 
at least in terms of number of publ ications per share o f  
federal support .  Second , publ icat ions from NSF-sponsored 
research are more relevant--that is , more likely to be 
c ited and to be cited three or more times in the second 
year after publication . Third , by the f ifth and tenth 
years after publication , papers from NSF-sponsored 
research are still more likely to be cited , though no t 
to any g reat extent . Fourth , NSF tends to suppor t estab
lished areas of research rather than areas marked by 
novel developments--a pattern also typical of other 
federal agencies . 

Internat ional Decade of Ocean Exploration (Harbr idge 
House et al . 1976 ) . At the time of the Harbr idge Hou s e  
s tudy , NSF ' s  contr ibution to the Internat ional Decade of 
Ocean Exploration (IDOE)  consisted of four programs , 
encompass ing 14 large proj ects and some 200 separate 
research grants . The reports generated by IDOE at the 
proj ect level were compared to the reports from projec t s  
funded by NSF independent of IDOE .  I n  all , S O  IOOE 
papers and SO non-IOOE papers were selected as •most 
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relevant • to the objectives of the IDOE and non-IDOE 
proj ects , and this sample formed the basis for the 
compar ison . 

All the papers were reviewed by university teams 
of faculty members and graduate students . In addition , 
the pr inc ipal investigators were interviewed . The objec
tive was to rate the 14 large programs and sampled ind i
vidual proj ects as to 1)  progress--i . e . , achievement of 
obj ectives set out by IDOE ,  2)  the general usefulness of 
results , 3)  uniqueness , 4)  sc ient ific qual ity ,  and 5 )  
amount of information produced . A separate bibl iometr i c  
s tudy of I DOE publ ications and c itat ions also was done . 

The author s found that progress toward IDOE 
objectives by the 14 large proj ects had been hampered by 
the fact that fund ing fell shor t of init ial expectations . 
Nonetheless , desi red research outcomes were accelerated 
for I DOE research grants intended to synthesize new 
theor ies and hypotheses from existing informat ion . IDOE 
research grants with fairly precise obj ectives also ful
f i lled expectations . The qual ity of !DOE-sponsored pub
lications was generally as good as that of publ icat ions 
from independent grant research , though IDOE results 
were not being used by the ocean-centered industry . Th e  
authors exper ienced d ifficult ies obtain ing current infor
mation from some investigator s .  The study suggests tha t 
the informal networks of communicat ion that had developed 
within the IDOE programs had reduced incentives for 
i nvestigators to disseminate their f ind ings . 

B iome Programs (Battelle 19 75 ) . This evaluation covered 
three of the f ive programs for large-scale integrated 
research on biomes funded by NSF as par t  of the u . s .  par 
t icipation in the International Biolog ical Program.  The 
analysis dealt with 481  reports of research-- including 
1 12 oral presentat ions and 58 unpubl ished manuscr ipts-
generated by the three biome programs . At the same time , 
a sample of papers was drawn from two issues of the journal 
EcologY for each of the years 1967 and 1974 (coinc iding 
w i th the beg inning and the end of the biome research pro
grams ) , the 63 paper s from 1969 and the 47 papers from 
1974 provided a standard for assess ing the quality of 
r eports from the biome research prog rams . 

Criter ia of assessment were : 1 )  type of paper-
publ ic relations ( such papers were el iminated in the com
par isons with papers from Ecology) , methodolog ical , des
cr iptive , analyt ic , or synthetic , 2 )  scope , and 3 )  nature 
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of research--e . g . , degree of coupling of subf ields , 
knowledge transfer , coapart.ental ization .  The papers 
were categor ized by type along the three d i  .. ns ions , and 
the frequency of types was tabulated and mapped for the 
three biome programs and the Ecology papers .  'l'be 10 0 or 
so papers concerned with developing models were examined 
to identify progress in weather pred iction , ecosystea 
management ,  and the test ing of theor ies . 

'l'be training and background of scient ists par
t ic ipat ing in the programs were determined from vitae , 
telephone questionnaires , and anc illary information 
avai lable to NSF . Institut ional affiliation and research 
contr ibutions were established for ind ividuals , and the 
number of graduate students and their activities were 
recorded . Management of the biome research programs wa s 
a ssessed and also compared to that of individually funded 
grants . 

The evaluators found that the publ icat ions of the 
three biome research programs covered a wider range of 
topics with better balance than the publ ications from 
independent research grants . Yet large-scale biome 
research y ielded no major theoretical breakthroughs , nor 
was it better in quality than that suppor ted by projec t 
g rants . Attempts to establ ish comprehens ive data banks 
for individual biomes and to develop complex models of 
ecosystems--major obj ectives of the biome research 
prog rams--were generally unsuccessful . The failure to 
achieve program objectives was attr ibuted to the lack of 
research managers who could integrate the activities and 
exchange of information among the research units . 

The Sc ience Development Program (Drew 197 5 ) . The sampl e 
covered all 130 doctorate-producing inst itutions rated 
by Roose and Andersen in 1970 . The institutions included 
all the recipients of two types of NSF sc ience develop
ment (SD)  grants (university USD , spec ial SSD) and 6 5  
pe rcent o f  rec ipients o f  the th ird type (depar tment DSD ) 1 
institut ions that had not rece ived any type of award 
served as controls . To analyze the ef fects of SD grants , 
the institut ions were d ivided into two exper imental 
groups (USD rec ipients , DSD or SSD recipients ) and thre e 
control g roups ( non-recipients that ranked higher than 
rec ipients before awards had been made , non-rec ipients 
that ranked about the same , and non-rec ipients that 
ranked lowe r ) . The three sc ience f ields that rece ived 
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the largest
.
share of SD funds (phys ics , chemistry , and 

mathemat ics ) were examined in greatest detail J the f ield 
of history was also examined as a standard of reference . 

One-day s ite vis its were made to 9 USD grant 
recipients , 1 SSD grant rec ipient , and 7 DSD grant rec ip
ients J 5 institut ions not rece iving SD funds were also 
visited . Quantitative analyses included as much long i
tud inal data as could be obtained for the 15-year per iod 
from 19 5 8  through 1972 . (The SD grant program was initi
ated in 1965 and reached its h ighest level of fund ing in 
1969 . )  Mult iple cr iter ia were used to ind icate the leve l 
of sc ient ific quality of depar tments : 1 )  trends in 
faculty s ize , 2 )  research productivity in terms of pub
l icat ions and c itat ions , 3 )  characteristics of g raduate 
students , 4 )  rate of product ion of new Ph . D . ' s ,  5 )  char 
acter istics of the institutions employ ing the new Ph . D . ' s ,  
and 6 )  amount of research fund ing attracted from sources 
outs ide the univers ity .  

The authors determined that SD grants had led to 
institut ional and scientific effects , not all of wh ich wer e  
pos it ive . On the plus s ide , the grants served as cata
lysts for accelerating the development of the capac ity fo r 
r esearch in many depar tments . Sc ience centers were bu ilt , 
larger computers purchased , and libraries expanded .  More
over , SD grants enabled departments to increase the s ize of 
faculties J the increase cor responded to an increase in th e 
number of articles publ ished in the most cited journals . 
SD grants d id not affect eithe r the number or quality of 
g raduate students nor d id they decrease the probability 
that first jobs of new doctorates would be with low-ranked 
depar tments . On the minus s ide , the erratic pattern of SD 
and overall federal suppor t resulted in university funds 
be ing shifted in order to complete or maintain improvements 
in sc ience facilities , often at the di rect expense of 
depar tments in the humanities and behavioral sciences . 

National Institutes of Health : Extramural Research 

The Wooldr idge Repor t :  Biomed ical Science and I ts 
Administration :  A Study of the Nat ional Insitutes of 
Health (NIH 1965 ) . In 1962 , the year of this study , some 
1 , 10 0  institutions were rece iving NIH suppor t for more 
than 20 , 0 00 separate grants and contracts , with 40  out 
of the 1 , 10 0  institutions shar ing three-quarters of NIH 
extramural funds . S ite visits were made to 37 institu
tions chosen by a dollar-we ighted sampling procedure , so 

Copyright © National Academy of Sciences. All rights reserved.

Quality of Research in Science:  Methods for Postperformance Evaluation in the National Science Foundation
http://www.nap.edu/catalog.php?record_id=19536

http://www.nap.edu/catalog.php?record_id=19536


- 88 -

that there was some propor tionality between the impor tanc e 
of the institut ion to the NIH extramural program and the 
l ikelihood that it would be chosen . Small institutions 
were del iberately oversampled , however , so that any s ize
related d if ference , i f  present , could be observed . 
Reg ional representation was also built into the sampl ing 
des ign . 

At the selected institut ions , detailed investiga
tions were made of a total of 240 funded research grants , 
125 unsuccessful appl icat ions , 105 career development and 
training grants , and 3 8  center support and other types of 
large grants . The procedure for selecting research 
grants was s imilar to that for selecting the institut ion s 
themselves--that is , based on random selection within 
intervals , determined by the dollar amounts of suppor t 
r ece ived , so that d ifferent-size grants were represented . 

A total of 77 sc ientists and administrator s 
participated in the gather ing and evaluat ion of data , 
assisted by eight consultants with expert knowledge of 
spec ific areas of research . The investigators were 
grouped into 11 technical panels ,  nine that examined par 
t icular sc ient ific f ields and two that dealt with admin
istrative and review procedures . From these panels wer e  
drawn teams vary ing from 4 to 13 people to conduct the 
inst itutional s ite vis its . Site visits generally lasted 
two to three days . Within an institut ion , members of the 
teams visited spec if ied ind ividuals and proj ects and then 
prepared a repor t on the institut ion . More than 600 NIB
funded sc ientists were visited dur ing the f ive months 
allotted to the appraisal , and d iscuss ions were held with 
approx imately 150 univers ity administrators who dealt 
w ith NIH . After all the s ite visits were completed , the 
techn ical panels reconvened to prepare from the repor t s 
on ind ividual institutions a f inal report on the ir 
part icular sc ienti f ic f ield or spec ial topic . 

The reports covered the following subj ects : 1 )  
Appropr iate level o f  suppor t for the f ield , 2 )  quality 
and or ig inality of the work suppor ted by NIH , importance 
of the problems being addressed , gaps between bas ic 
r esearch and its appl ication , and propor tion of fund ing 
going to research as compared to development ,  3 )  ques
t ions about proposal review , mon itor ing , and other man
agement procedures , 4 )  advantages and d isadvantages of 
trad itional research grants , large grants , collaborative 
research programs , and center fund ing , and 5 )  question s 
r elated to the training of young sc ient ists . 
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The sc ient i f ic panels concluded that the qual i ty 
of research per formed by NIH-suppor ted researchers in 
univer s i t ies was generally h igh , though cer ta in subf ields 
and f ields were identified as not rece iving su f f ic ient 
funds to ensure cont inu ing h igh-qual ity wor k . The panel 
on peer rev iew concluded that cur rent procedures were 
satisfactory and d id not requ ire change . The panel on 
administrat ive affa i r s  recommended changes in the organ
i zat ion of NIH in order to improve long-term planning 
capability .  Quest ions were raised about the need to 
support intramural research laborator ies in l ight of the 
ev idence that some laborator ies were pursu ing research 
already be ing done at un iver s i t ies . 

Unfunded NIH Appl ications (Car te r et al . 19 7 8a ) . A 
r andom sample of 178 invest igator s was selected from ten 
representat ive med ical schools .  The invest igators had 
appl ied for bu t d id not rece ive an NIH research g rant in 
19 7 0  or 19 7 1 . The sample was strat i f ied accord ing to 
whether the invest igator had at least one approved but 
unfunded appl icat ion or only disapproved appl icat ions , 
continued to be affil iated with the same med ical school , 
appl ied for or rece ived an NIH grant subsequently , and 
mainta ined an affiliation with a c l in ical or. bas ic 
sc ience depar tment .  Another cr iter ion was the type o f  
profess ional degree . 

S tructured interviews were held with the 126 
invest igators who could be contacted and agr eed to be 
interviewed . The respondents were quer ied on such matters 
as 1)  the ava i labi l i ty of alternat ive sources of fund s and 
e f for t expended in gett ing fund ing , 2 )  effects of negat ive 
NI H act ions on teach ing , equ ipment ,  and anima l  colonies , 
3 ) cur rent research program and suppor t ,  and 4 )  cur rent 
profess ional status , includ ing present job ,  patien t car e  
r espons ibi l i t ies ( for M . D . ' s ) , and admin istrat ive du t ies . 
Usually two interviewers were present at each interview , 
wh ich took an average of 4 0  to 50 minutes . 

Accord ing to the authors of th is repor t , th e 
p r imary costs of not f und ing r esearch can be measured in 
te rms of the • t ime ,  ef forts , and ideas of product ive 
sc ientists . •  The 126 invest igator s in the f inal sample 
had made 156 unfunded appl icat ions to NIH for 1 5 3  proj 
ects : 2 2  percent of the 153 proj ects were eventually 
completed as planned , and s ign i f icant parts of anothe r 
2 0. percent were completed with mod if icat ions , but 4 3  
percent were dropped entirely . One year was the med ian 
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per iod from the NIH decis ion unt i l  other fund ing wa s 
secured , though s ix invest igators repor ted wa i t ing more 
than three years for funds . Almost ten percent of the 
i nvest igators abandoned scient i f ic research completely , 
another ten percent chose to focus on appl ied research . 
Some invest igator s shi fted the i r  research interest to 
•more popular areas • where fund ing might be eas ier to 
obta in . A few unsuccessful applicants believed that the 
exper ience caused them to prepare bette r proposals or 
improve the qual ity of the ir research , but most d id not 
f ind any benef its in be ing den ied NIH fund ing . 

Compar ison of Large Gr ants and Research Project Grants 
(Carter et a l .  1978b) . The large g rants included in the 

sample represented three d i f ferent types of fund ing pro
cedures : program proj ects , spec ialized centers , and 
centers funded through core suppor t .  In all , 6 4  larg e 
g rants were included , includ ing all such grants for three 
of the ten NIH institutes . To offe r a standard of 
compa r i son , a sample of 283 proj ect ( ROl ) grants also 
was chosen from the same prog rams as the large grants . 
Two ind icators were u sed to measure the quality of 
research of ROl and large g rants . The f i r s t  was an 
invest igator ' s  success in compet ing for NIH fund ing . 
Th i s  was established for large grants by check ing the 
r ate of approval of ROl applicat ions submitted by inves
t igator s who par t ic ipated in the larg e g rants . The 
second index was c itat ion counts for j ournal a r t icles 
result ing from RO l and large grants , adj usted for field 
and year of publ icat ion . Three other matters related to 
the rat ionale for large grants--fields of j ournal publ i
cat ion (clinical , targeted , or bas ic sc ience ) ,  degree of 
interd i sc iplina r i ty ,  and involvement of broader segment s  
of the sc ient i f ic communi ty--also were examined . 

The f ind ing s  ind icate tha t  large-g rant funding 
accomplishes many of i ts goals . Large g rants from 
several ins t i tutes successfu lly promoted interd i sc i 
pl inary collaborat ion and col laborat ion between M . D . ' s 
and Ph . D . ' s .  Papers result ing from large grants appeared 
and were c ited more frequently in clin ical j ournals . At 
the same t ime , the general quality of research produced by 
large grants may be lower , at least , large-grant invest i
gators wer e  less successful in compet ing for ROl g rants 
than appl icants in general . Moreover , papers from large 
g rants wer e  cited less frequently in journals that repor t 
bas ic research than were paper s  f rom ROl grants . 
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Policy for B iomed ical Research (Williams et al . 19 7 8 ) . 
This repor t is not an empi r ical study but an essay on 
coat-benef it analys is as a method for mak ing decis ions 
abou t suppor t ing biomed ical research . The author s f ind 
t he method to be of l ittle use because it is d i ff icult to 
pred ic t the outcomes of research , ass ign dollar values 
to the ult imate products , or establ ish direct cause-and
effect relationsh ips between research dollars and advance s 
i n  science . Cur rent models of scient i f ic progress and of 
the processes by which ( biomed ical ) R&D results are trans
formed into (med ical)  pract ice have not proved helpful . 
They tend to be too s implistic . Accord ing to the authors ,  
more research is needed on the reliability of NIB pred ic
t ions of sc ient i f ic success , wh ich might inc lude compar ing 
d ifferent peer review pract ices , mak ing pred ict ions about 
the l i kely progress of a field and subsequently track ing 
the accuracy of such pred ict ions , and determining why some 
proj ects scored h igh by reviewers have not produced as 
expec ted and why other projects that rece ived relat ively 
low scores proved successful . 

An Analys is of Research : Publicat ions Suppar ted by NIB 
( Nar in and Gee 1980 ) . Under contract to NIB , Computer 

Hor i zons , I nc . , authored a ser ies of reports character 
i z ing the published research suppor ted by all but two of 
the smaller institutes from 1970 through 1976 . Some 
6 0 0 , 000 papers publ ished between 1970 and 1977 in 2 9 5  
ma j o r  biomed ical journals were scanned for acknowledgmen t 
of NIB or other suppor t .  Papers were also coded a s  to 
the type of research a j ou rnal generally publishes (clin
ical or basic b iolog ical research ) and as to which of 48 
subj ect areas the j ournal covers . The informat ion wa s 
added to a compu ter ized data base containing informat ion 
on each paper taken from the Sc ience C i tat ion Index ( SCI ) . 
Approx imately 80 percent of NIB-supported publ icat ions 
were covered by SC I  and could be included in the analysis . 

The subject matter of art icles suppor ted by each 
institute as well as the i r  c i tations were examined . 
C i tat ion analys i s  revealed that seven of the ten most 
c ited paper s  in cancer research and s ix of the top ten 
p apers in v irology publ i shed in 1964 had been suppor ted 
by the Nat ional Cancer Inst itute . No conclus ions wer e 
d rawn ,  however ,  abou t the overall per formance of any 
institutes . 
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National Institutes of Health a Intramural Research 

I n  add it ion to fund ing research proposals from 
sc ientists at univers i t ies and independent laborator ies , 
NIH operates several intramural research laborator ies and 
branches . Managers of these units , like corpor ate execu
t ives of industr ial laborator ies , regard evaluat ion pri
mar ily as a tool for mak ing the bes t  poss ible use of ava i l 
able resources and talent (Stetten 1981 ) . NIH adminis
trators assess the r ecent activit ies and potential contr i 
but ion o f  scient ists when they are cons idered for appoint
men t  or promot ion bu t pay l i ttle attent ion to day-by-day 
per formance . 

I nstead , emphasis is placed on assess ing research 
proj ects . This provides NIH admin istrator s information 
for improving the intramural research effort in two ways : 
Problems or l imitat ions of current and proposed research 
proj ects are identified ,  and oppor tun ities for collabora
t ion among researchers are h ighlighted . The branch and 
labor atory chiefs--exper ienced sc ient ists famil iar with 
the proj ects under thei r  supervis ion--are expected to 
r ecommend improvements or changes in research protocols . 
Collaborat ion among employees ,  wh ich contr ibutes to pro
ductivity by reduc ing unnecessary duplicat ion of research 
and by gett ing information to sc ient ists qu ickly , is pro
moted at the next level up , by the Sc ientific Director s 
of the Institutes . 

Evaluat ions based on externally generated evidence 
also contr ibute to the future d i r ection of the intramural 
prog r ams .  Each of the ten institutes (or institute-level 
d iv i s ions ) has its own board of scientif ic counselors , 
that i s , s ix to e ight independent scient ists , ass isted 
by exper t  consu ltants . Twice each year , each board 
r ev iews all research--e ither in progress or proposed-
through formal presentations by ind ividual sc ientists . 
The assessment and recommendat ions of each board are made 
ava i lable to NIH admin istrator s  in a formal repor t . 

An assessment of the qual ity of research produced 
by the intramural research prog ram of NIH as a whole i s  
der ived f rom the publ icat ion record . The large number 
of paper s  by NIH intramural sc ientists published in 
r efereed j ournals has been taken to demonstrate that the 
quality of the research car r ied ou t by intramural 
employees i s  comparable to that of academic sc ient ists . 
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The results of such checks of publ icat ions are seen to 
obv iate the need for a mor e formal review of the ent i r e  
intramural program .  

Program Evaluat ion s in Other Agenc ie s 

A B ibl iometr ic Assessment of Sponsored Research ( Riecken 
et al . 19 8 1 ) . Th is evaluat ion of the biomed ical 
r esearch program of the Veterans Admin istrat ion (VA) 
star ted with a rev iew of pr ev ious stud ies of 
b ibl iometr ic ind icators ,  espec ially ev idence about 
c i tat ion rates as an index of the quality of biomed ica l  
r esearch . Next , an exper i- ment was conducted i n  wh ich 
experts r anked journals from 24 d i f ferent f ields 
accord ing to the impact of the research they repor t .  
The rank ing s  o f  the journals wer e  compared to the i r  
scores on a b ibl iometr ically der ived index , wh ich was 
computed by divid ing the total number of c itat ions to 
the j ournal by the number of art icles published in i t .  
I n  the view o f  the authors ,  the agree- men t  between the 
exper ts and the b ibl iometr ic rat ings of the j ournals was 
suf f icently h igh to war r ant us ing the latte r as a 
sur rogate ind icator of scien t i f ic impact . 

There were 2 , 7 0 0  articles in 19 7 1  and 19 7 2  
r epor t ing or ig inal research suppor ted by the VA . How
ever , the analysis was restr icted to the 2 , 14 5  art icles 
t hat appeared in j ournals covered by the Sc ience C i tat ion 
Index . C i tat ions wer e  totaled for each a r t icle for th e 
two years following publ icat ion , wh ich for b iomed ical 
a r t ic les is usually the per iod of mos t frequent c itation 
( see Car ter 1974 ) . The average number of c i tat ions over 

the two years was then computed for ar t icles grouped 
accord ing to the f irst author ' s  a f f i l iat ion with a med ical 
school . To establish a s tandard of compar ison , the aver 
age number of c itat ions for 19 7 3  and 19 74 was calculated 
for 6 2 6  papers published in 19 7 1  and 19 7 2  by NIH intr a
mural scient ists and for 698 paper s  by sc ient ists with 
NIH extramural research g rants . Perhaps not surpr is
i ng ly , g iven the h igh qual i ty of NIH-suppor ted research , 
the paper s  by NIH sc ientists rece ived more c i tat ions on 
the average than those by any subset of VA researchers , 
though not all the d i f ferences wer e  large . 

Bas ic Energy Sc iences Program ( u . s .  Depar tment of Energy 
19 8 1 ) . The u . s .  Depar tment of Energy (DOE ) cur rently i s  
under tak ing a n  assessment o f  the Basic Energy · Sc iences 
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(BES ) prog r am ,  wh ich supports bas ic research in th e 
natural sciences and eng ineer ing by scient ists at univer
s i t ies and independent laborator ies . The obj ect ives ar e 
to :  1 )  assess the qual ity of sc ient ists and of research 
be ing suppor ted , 2 )  evaluate the impact of research on 
the ach ievement of DOE ' s  miss ion 3 )  examine the balance 
of suppor t among d i sc iplines and the procedures for 
select ing , manag ing , and evaluat ing proj ects , and 4 )  
dec ide whether the proj ects suppor ted are appropr iate 
for DOE . 

Between 11 and 16 proj ects were r andomly selected 
from each of DES ' s  four smaller research d ivis ions and th e 
laboratory and non-laboratory components of the mater ials 
and chemistry d ivis ions . The initial sample was supple
mented by includ ing f ive add it ional proj ects that had been 
class if ied as " long-term• (more than e ight year s old ) and 
seven more proj ects class if ied as " large dollar • ( encom
pass ing at present more than $500 , 0 0 0  or f ive full-t ime 
employees ) .  The total number of proj ects selected was 
125 , or about 10 percent of the 1 , 214 proj ects suppor ted 
a t  the t ime of the sampling . 

A form of peer evaluat ion is to be the pr imary 
method for evaluat ing ind ividual proj ects . Three to s ix 
sc ient ists are to be assembled at one of several s i te s  
f o r  t wo  t o  three days . Pr ior to the mee t ings , the mem
ber s  of the panels are to r ece ive mater ials from proj ec t 
f iles and supplementary informat ion from the pr inc ipal 
invest igators .  The schedule calls for a 20-minute pr esen 
tat ion by the pr inc ipal invest igator s ,  followed by 30 
minutes for quest ions and answer s and a fur ther 60-minut e 
per iod of r eview for each proj ect .  Dur ing the presenta
t ion and quest ion ing , the following topics ar e to be 
cover ed : 1 )  the spec i f ic sc ient i f ic problem or quest ion , 
2 )  the des ign of the research , inc lud ing the techn iques , 
equ ipment ,  and fac i l i t ies used , 3 )  previous , current , and 
antic ipated results , and 4 )  the impac t of the research on 
t he miss ion of DOE . 

I n  their subsequent rev iew , the evaluat ing 
sc ientists are to assess the qual i ty of the pr inc ipa l 
invest igators , the quality of the research be ing done , 
and its impac t on the miss ion of DOE , us ing several 
r at ing scales . In a separate analysis , publ icat ion and 
c i tation counts for key investigator s and citation count s 
for selected publ icat ions are to be compared to a normal
i zed d istr ibut ion of c i tat ions for the f ield in wh ich th e 
invest igators had published so as to establ ish the ir 
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r elat ive per formance . The r esults of the b ibl iometr ic 
analys i s  then are to be matched against the rank ings by 
the panels in order to iden t i fy methodolog ical problems 
with e i ther type of procedure . 

Assessments of B ibl iometr ics 

Several program evaluat ion studies summar i zed above 
u se b ibl iometr ics e i ther as a check on peer j udgment when 
that is the pr imary evaluat ion method used or , in the case 
of An Analys is of Research : Publicat ions Supported bY NIH 
1 9 7 0-1976 ( Nar in and Gee 1980 ) and A B ibl iometr ic Assess
ment of Sponsored Research ( Riecken et al . 19 8 1 ) , as the 
pr imary method . The s tud ies summar ized below concern- the 
advantages and shor tcomings of us ing bibl iometr ic 
ind icator s for evaluat ion . 

A Rev iew of B ibl iometr ic Stud ies ( Nar in 1976 ) . Nar in 
reviewed 28 stud ies in wh ich _ bibl iometr ic ind icators wer e 
compared with some other measure of scien t i f ic per formance . 
Most of the stud ies had been sponsored by federal agenc ies 
that suppor t bas ic r esearch in u . s .  un ivers i t ies ; most 
were intended to determine whethe r bibl iometr ics cou ld 
s upplement or replace peer-based procedures for evalua
t ion . Nar in examined 11 stud ies on ind ividual scient ists , 
in which publ icat ion or c itat ion r ates were compared with 

such measures of eminence as awards , academic rank , and 
institutional and profess ional affiliation . Ten more of 
the stud ies covered ind ices of depar tmental quality . I n  
t hese , depar tmental publ icat ion o r  c itat ion rates were 
compared with two rank ing s of academic depa r tments 
der ived from peer evaluat ions--the Car tter ( 1966 ) and 
the Roose-Ander son (1970 ) rank ings . S ix other stud ies 
dealt with ind ices of publ icat ion quality by compar ing 
the c i tat ion r ates with peer evaluat ions of the same pub 
l icat ions . Nar in concluded o n  the bas is of the cor rela
tions repor ted in the studies (Pearson ' s  r )  that bibl io
metr ic ind icators agreed r easonably well with other 
measures of research quality . 

The cor relat ion coeff ic ient r ,  however ,  ind icates 
only the relative strength of association between two 
measures . Mor e informat ive i s  an index ( R2 ) of th e 
actual propor t ion of the total var iat ion of one measure 
that cor responds to d i f ferences in scores on the other , 
which can be calculated by squar ing the cor relat ion coef
f icient . Although stat istic ians d iffer on the exac t 
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numer ical cr iter ion , almost all would agree that a 
measure w i th an a2 less than . 6  is not an adequate 
sur rogate . FOr the studies on ind iv idual scient ists , 
R2 s generally fall below the cut-off point , rang ing 
from . 2 5  ( r• . 5 )  to . 6 4 ( r • . 8 ) ; for the stud ies on depar t
mental quality , they r ange from . 4 9 ( r• . 7 )  to . 81 ( r• . 9 ) .  
In other words , bibl iometr ics appear s more appropr iate 
for evaluat ing depar tments , research ins t i tut ions , or 
other large agg regates of sc ientists than for evaluating 
i nd ividual researcher s .  

The Science C i tation I ndex and Chemistry ( DeWitt et al . 
19 80 ) . Some 2 , 500 facu lty member s  from the 7 9  
university chemistry depar tments rated by Roose and 
Ander son ( 1970 ) had published one or more scient i f ic 
papers at the t ime of the study ; these faculty member s  
prov ided the sample for the analys is . C i tat ion data 
were collected in the following way a Publ icat ions by 
academic chemists were iden t i f i ed through a search o f  
the 1966-1970 volumes of the Institute for Sc ient i f ic 
Informat ion ' s  Source Index . C itations to those publica
t ions were compi led by check ing the Sc ience C i tat ion 
� for 19 68-19 7 2 , allowing for the usual two-year lag 
between the publ icat ion of a paper and its formal acknowl
edgment in the chemistry literature . Some 3 2 8 , 00 0  c ita
t ions were found for approx imately 3 3 , 00 0  publ icat ions . 
Author s were grouped accord ing to the i r  institut ion , 
whether they were NSF grantees or decl inees or ne i ther , 
the program in the NSF Chemistry Divis ion to wh ich the i r  
wor k could b e  assoc iated , the ir proclivity for be ing 
c i ted (whether or not thei r  paper s  wer e  c i ted more tha n  
500 t imes in the f ive-year per iod ) , and whether o r  not 
they wer e member s  of the Nat iona l Academy of Sc iences . 
Annual r ates of publ icat ion , of c i tat ion , and of citat ion 
per publ icat ion wer e  compared among the var ious groups . 

The authors found that all three b ibl iometr ic 
ind icator s--publ icat ions , c i tat ions , and c i tat ions pe r 
paper-- increased a long with increases for other measures 
of sc ientif ic qual i ty , •as long as the data are suf f i 
c iently h ighly aggregated . •  Small d ifferences between 
ind ividual scientists or aggregates of a few dozen scien 
t ists cannot be regarded as s igni f ican t ,  however ,  because 
the bibl iometr ic measures tend to be widely d istr ibuted . 
I n  s i tuat ions where one wants to evaluate obj ect ively 
the per formance of ind ividual scient ists , the author s 
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conclude , reliance on mult iple ind icator s of sc ient i f i c  
achieveaent , includ ing more than one b ibl iometr ic 
aeasure , aay be most effect ive . 

Peer Rev iew, C i tations ,  and B iomed ical Research Pol icy 
Carter ( 19 74 ) . The study deals with two methods of 
assess ing research output--peer review and bibliometr i c  
analys is . For peer r eview ,  the following quest ions were 
examined : Ar e rev iewe r s  influenced by the ava ilab i l i ty 
of fund ing or other ins t itutional factors? What is the 
relationsh ip between rev iew scores on renewal proposal s 
and the scores that the init ial grant proposals rece ived? 
Have j udgments about initial proposals changed over t ime ? 
Car ter found that proposal r eviewer s  and experts reques ted 
to review the dec is ions of the or ig inal reviewers tended 
to ag ree , indicat ing the ex istence of c r i ter ia for sc ien
t i f ic mer it that are shared by reviewer s  within a f ield . 

With r espect to b ibl iometr ic analys is , the 
question examined was whether publ icat ion and citatio n  
counts could b e  employed a s  ind icators of research pro
ductivity . C i tat ions from the years 1968 to 19 7 2  wer e 
compi led for some 5 , 8 00 paper s  appear ing between 1966 
and 197 0 . The papers represented the published outpu t 
o f  all 5 1  NIH program grants awarded to med ical school 
facu lty in f isca l year 19 7 6  and some 7 4 7  NI H proj ec t 
g r ants . Gr ants that resulted in one or more of the most 
c i ted papers wer e  identif ied , and the success of gran
t ees in obta ining renewal fund ing was compared with that 
of other grantees . Also examined for poss ible effects 
on c i tat ion r ates were the source of NIH fund ing , the 
fund ing procedure , and discrepenc ies in e i ther years o r  
dollars of suppor t between the proposal reques t and the 
actua l award . Car ter concluded that • the j udgments o f  
t h e  peer r eview process are s ign i f icantly related t o  an 
obj ect ive measure of research output der ived from c i ta
t ions to a r t icles describ ing the results of the grant . • 

Retrospect ive Studies 

These types of s tud ies are generally constructed 
to trace the relat ionship of prev ious research to late r 
intellectual or technolog ical developments in a f ield . 
Often the mot ivat ion is to demonstrate the impact o f  
r esearch fund ing by a federal agency : in other s tud ies , 
the purpose is to demonstrate the role of bas ic research 
in foster ing industr ial or med ical appl icat ions . 
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P roject HINDSIGHT ( Sherwin and Isenson 1969 ) . One of the 
f i r s t  major retrospect ive stud ies , Proj ect HINDSIGHT wa s 
intended by the Depar tment of Defense to assess the con
tr ibutions of bas ic research and technolog ical research 
programs to modern weapons systems . TWenty such weapons 
sys tems wer e  selected by panels of techn ical exper ts , who 
a lso identified a total of 710 un ique "RiD events •--that 
is , key d iscover ies mak ing the sys tems possible . Th e  
events for a s ingle weapons system were examined by the 
same panel , who class i f ied them accord ing to whether the y 
r esulted from bas ic scien t i f ic research or from techno
log ica l r esearch . The panels also investigated the 
o r ig ins of the research and the c ircumstances leading 
to i ts subsequen t explo itat ion by weapons technolog ists . 

The authors repor ted the following major f ind ings : 
( 1 )  The number of c r i t ical events necessary for a new 
weapons systems is propor t ional to the increase in sophis
t ication of the new system over its predecessor . ( 2 ) 
More than 8 5  percent of the developments used in new sys
tems were f inanced by the DOD . ( 3 ) Whether such research 
is conducted in-house , by industry , at un iver s i t ies , or 
at other research center s does not affec t the l ikel ihood 
of the r esearch contr ibut ing to new weapons . The respon
s iveness of the research to the interests and needs of 
weapons technolog ists is a more impor tant factor . ( 4 ) 
Establ ish ing a stra ightforward relat ionsh ip between the 
costs and benef i ts of a research program is not feas ible 
because of the nature of sc ien t i f ic and technolog ica l 
r esearch . Cr i t ics of Project HINDSIGHT (Comroe 1977 ) 
have noted that conclust ions ( 2 ) and ( 3 ) have been inter 
preted by others to mean that bas ic research is less 
impor tant to technolog ical innovat ion than miss ion
o r iented research . Ant ic ipat ing such an interpretation , 
the autho r s  of the HINDSIGHT repor t wer e  car eful to h igh
l ight the very l imi ted scope of the i r  r esearch : Only one 
type of technology had been invest igated , and only even t s  
contr ibut ing t o  improvements in that technology--not 
events fac i l i tat ing its in i t ia l  development--had been 
examined . 

The Kruytbosch S tudy .  Kruytbosch ( 1978 ) used panels of 
experts to ident ify s ign i f icant di scover ies in fou r 
f ields of bas ic r esearch ( as tronomy , chemistry , ear th 
sc iences , and mathemat ics ) between 1950 and 19 7 6 . The 
sc ien t ists assoc iated with the d iscover ies were then 
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i nterviewed and asked whether NSF contr ibuted to the 
prel iminary research , e i ther through project grants o r  
through less d i rect means such a s  fellowsh ips or 
instrumentat ion grants . 

Kruytbosch found that NSF suppor t for the 
h ighl ighted d iscover ies increased from 20 percen t ( 1 3  o f  
6 4  d iscover ies ) for the per iod from 1950 to 1968 t o  6 7 
percent ( 14 of 2 1 )  from 196 8  to 19 7 6 . Both percentages 
are g reater than NSF ' s  share of all federal funds for 
research dur ing those years . The extent of suppor t fo r 
d iscover ies from both t ime per iods by f ield ranged from 
12 percent ( 2  of 17 ) for chemistry to SO percen t ( 9  of 
1 8 ) for mathemat ics . G iven the large number of organ i
zat ions and federal agenc ies suppor ting research in 
chemistry and the relat ive dependence of theoret ical 
ma themat ic ians on NSF , the d i screpency is not surpr is ing .  
One interest ing f ind ing concerns the abi l i ty of scien
ti sts to pred ict the consequences of the i r  research . O f  
the 6 5  proj ects for wh ich responses could b e  analyzed , 
4 3  percen t ( 28 ) of the invest igator s had made d i r ec t  
r eference i n  the proposal to antic ipated consequences of 
the research actually reali zed , another 4 0  percent ( 2 6 ) 
had proposed wor k  in the general area but had not spec i
f ied the innovat ion , and for 17 percent ( 11 )  of the 
proj ects , the j ustif ication of the work g iven in the 
proposal was not related to the innovat ion . Thi s  sug 
gests that a requ irement that sc ient ists car ry out the ir 
research to meet the exac t obj ect ives they had or ig inally 
proposed might have reduced the ir productivity .  

T . R . A . C . E . S . ( I llinois Ins t i tute of Technology 1968 ) . 
NSF has also suppor ted r etrospect ive analys is in the hope 
of produc ing ev idence regard ing the effects of science 
policy changes , for example , whether to emphas i ze bas ic 
or applied research . T . R . A . C . E . S .  ( for •Technology i n 
Retrospect and Cr i t ical Events in Science • )  was a s tudy 
that invest igated f ive examples of recently developed 
technolog ies and products . The authors concluded that 
approx imately 90 percent of the nonmiss ion research 
essent ial to a g iven innovat ion bad been completed at 
least ten year s pr ior to its successful development , 
demonstrat ing that assess ing the contr ibut ion of bas ic 
research to commercial deve lopments requ ires look ing 
back at events long past . 
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Industr ial COntr ibutions (NSF 19 8 1 ) . NSF , in an 
exploratory study , is attempt ing to trace suppor t by i ts 
Chemistry Divis ion for research that has led to out
s tand ing industr ial products , i . e . , products related to 
phys ical chemistry that have rece ived awards between 
1 9 5 3  and 1978 from I ndustr ial Research/Development 
Magaz ine . So far , research funded by the chemistry pro
grams has been traced to 62 of the 4 5 1  award winners . 
However , in only seven of those cases d id the pr inc ipal 
invest igator of an NSF Chemistry Divis ion research grant 
ac tually win the award J for the rema inder , the product 
rece iv ing the award depended on the intellectual contr i 
bution of NSF-supported research carr ied out by someone 
other than the award winner and made ava i lable e i ther in 
the form of a publ icat ion or patent . The impl icat ion is 
that measur ing the results of the research funds invested 
by NSF or other agenc ies is mean ingful only when such 
concepts as •contr ibut ion • or • impac t •  are clear ly 
def ined . 

Retrospect ive Analys is of NIH Contr ibut ions to Med ic ine 
and Surgery . Probably the most extens ive and well
documented retrospec tive analys i s  was per formed by 
Comroe and Dr ipps ( 19 7 6 ) . Suppor ted in par t by the 
Nat ional Heart and Lung Ins t i tute of NIH , the author s 
a ttempted to formalize the method through the use of 
expe r ts . Some 40 phys ic ians and 4 0  to 50 spec ial ists i n  
each o f  the two f ields were asked to pick the top ten 
advances in card iovascular and pulmonary med icine and i n  
s urgery . The authors and 14 0 consultants then identif ied 
1 3 7  areas of research essential for the ten advances . 
About 4 , 0 00 publi shed a r t icles related to those areas 
wer e  examined by consu ltants and the authors ,  and the 
500 or so a r t icles j udged to be the most impor tant 
r ece ived detai led study . The wor k  took several year s 
and in the end subs tant iated the argument by Comroe and 
Dr ipps for the need to suppor t bas ic research : 62 per 
cent of the key art icles screened descr ibed bas ic 
research , 4 1  percent were not even clin ically or iented . 
Both this study and Comroe ' s  later ( 19 7 7 )  account of 
cr i t ical advances in med icine offer evidence that years , 
decades , or even centur ies may pass from the t ime a d is
covery is f i r s t  made to the t ime its med ical implications 
are r eali zed . 
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APPENDIX 0 

VISIT TO THE 
NATIONAL SCIENCE FOUNDATION 

� November 1 9 ,  1 981 , a saall group representing the 
Subcommittee on Postper foraance Evaluation of Research 
spent the day at the National Science Foundation . The 
�rpose of the vis i t  was to inform the subcommittee of 
current evaluation and management procedures within the 
c:hemistry Divis ion and within NSF as a whole , especially 
those relating to postper formance evaluation . The 
subcommittee was represented by Gerald Tape , Associated 
Un iversities , and Rober t  F. Boruch , Nor thwestern 
Univers ity .  In add ition , Edel Wasserman of du Pont de 
Nemours & Company , Inc . , attended as the l iaison member 
of the COmmittee on Chemical Sc iences of the National 
Research Counci l .  Other participants were Senta A .  
Ra izen , the subcommittee ' s  Study Director , and Will iam 
Spindel , Executive Director of the Committee on Chemical 
Sciences , National Research Council . Tak ing par t for 
NSF were Richard s .  Nicholson , Director , Divis ion of 
Chemistry , Arthur F. Findeis , Read , Chemical Synthes is 
and Analysis Sect ion , program directors and officer s 
representing var ious NSF chemistry programs , Jerome H .  
Fr egeau , Director , Office o f  Aud it and OVers ight , and 
Barry J .  Piccar iello , Read , Evaluat ion Staff . 

The following summary records the information 
conveyed to the subcommittee . It concludes with the 
s ubcommittee ' s  f ind ings about the visit . 

General Informat ion on the Chemistry Division 

The total budget for the e ight programs of the 
Divis ion was $5 7 . 7  mill ion in fiscal year 1981 . This i s  

-1 05-
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a modest share of all fund ing for research in chemistry . 
POr instance , in 1979 , when the NSP Chemistry Divis ion 
funded $47 . 7  mill ion in grants and contracts , total 
federal funding for bas ic research in chemistry was 
$189 . 2 mill ion . About two-th irds of the Chemistry 
Divis ion ' s  total money allocation in any one year goes 
to committed continuation funding--i . e . , fund ing of the 
second or third year of a three-year grant . (Three-year 
g r ants funded on an annual bas is are s tandard throughout 
the Chemistry Division and general throughout NSF. Even 
though NSF has the author ity to make grant commitments 
for up to five years ,  Nicholson , the Division Director , 
cons iders that in most cases this is too long a per iod 
for a research proj ect to go on without review . ) 

Each year s ince 1973 , the Divis ion has received 
between 800 to 850 proposals for bas ic research in chem
istry that require peer review .  Of these , over half are 
•renewal • proposals wh ich request suppor t for research 
that follows up work done under a preced ing grant . On 
the bas is of the submiss ions and the reviews , about 325 
to 350 grants are awarded annually , other than second
or third-year fund ing . Renewal proposals are .are suc
cessful than new proposals ,  for example , in 1979 , they 
represented 57 percent of the proposals submi tted but 76 
percent of the g rants awarded . 

The staff of the Chemi stry Division cons ists of 
the Division Director and Sect ion Beads , and about a 
dozen profess ionals .  All are chemists with research 
exper ience . About half of the chemists are permanent 
staff J the other s rotate , spend ing one or two years at 
NSF and then returning to their academic institutions . 

Renewal Procedures in the Chemistry Divis ion 

Nicholson provided the following information : 
About 95 percent of grant holders in chemistry who are 
e l ig ible submi t renewal proposals ,  no matter how many 
ear lier grants an individual may have had . Almost all 
the renewal requests are for the cont inuation of wor k 
under the preceding grant . Complete departures to a new 
l ine of research are rare . The 5 percent of grantees 
who do not resubmit requests are not followed up , but 
Nicholson suspects that the major ity move on to adminis
trative pos itions or to other non-research jobs and , 
therefore ,  do not apply for renewals . Of the 9 5  percent 
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who do ,  about 8 5  percent are funded , according to program 
staff .  Of the 4 , 10 0  chemists in Ph . D .  granting institu
t ions , some 800 are supported by NSF ,  and about one-half 
of this group develop long-term stability with respect 
to research suppor t from NSF.  Hal f  of the grants at NSP 
(and at NIB as well ) run five to seven years--i . e . , two 
three-year g rant per iods . 

Until recently , all renewal proposals had been 
s imilar in style to new proposals ,  and the review was 
handled the same way .  When poss ible , some reviewers 
(usually two out of five or six )  who rev iewed the or ig
inal proposal are also asked to review a renewal pro
posal . Reviewers are asked to assign an overall rating 
to the proposal--poor ,  fair , good ,  very good ,  excellent . 
They also are asked for wr itten evaluations on the 
qual ity'of the proposed research ( including comments 
about or ig inality and creat ivity ) , on the recent research 
achieveaent ( s )  of the pr incipal investigator ( s ) , and on 
the budget and institutional capabil i ty .  

For the past two years , the Chemistry Divis ion 
has used two other renewal procedures as well . •crea
tivity extens ions • are for two addit ional years of fund
ing , g iving a total of five rather than three years of 
funding without a renewal proposal . Pr inc ipal investi
gator s are noti f ied dur ing the th ird year of a grant that 
they will rece ive a creativity extens ion for the next two 
years . Such extens ions are awarded on the bas is of j udg 
ments by NSF program off icials as to the scientists who 
are most productive , one indicator being the quality and 
quantity of publ ications . No more than 10 percent of the 
grantees that come up for renewal in any s ingle year are 
g iven such extensions . The same investigator cannot be 
awarded two creativity extens ions in success ion . A 
renewal proposal and full-scale review are necessary 
after five years , if the grantee wishes to continue the 
work . 

•Accompl ishment-based • renewal proposals were 
introduced in 1979 as an exper iment to determine whether 
such proposals could reduce the wor kloads of invest i
gator s and reviewer s .  Investigator s seek ing grant 
r enewals have an option of submitting either a tradi
t ional proposal or an accompl ishment-based proposal con
s isting of no more than four s ingle-spaced pages of text ,  
a list o f  all publications for the pas t five years (with 
r eference to NSF funding under the cur rent grant ) , and as 
many as s ix repr ints of articles that resulted from the 
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current NSP grant . Accompl ishment-based proposals also 
are not g iven twice in succession . Reviewers of such 
proposals are now being asked to comment on the experi
mental format separately from the ir proposal review .  
According to Divis ion officials , by far the major ity o f  
r eviewers have been positive in their views , often enthu
s iastic . The Chemistry Advisory Committee looked into 
the procedures and comments of reviewers in 1 980 and 
made some ainor changes , while endors ing the continua
t ion of the concept . NSF will evaluate the exper iment 
again in 1982 to dec ide whether to make accompl ishment
based renewal proposals a permanent option . 

Office of Aud it and Overs ight 

Th is office , wh ich reports to the NSF Director , 
car r ies out evaluations and audits for the agency . 
Fr egeau , who heads the Off ice of Audit and Overs ight 
(OAO) , repor ted that his staff checks on the wor k  done 
by program off icials dur ing the decis ion-mak ing s tages .  
OAO selects about a 1 0  percent sample o f  grant act ions 
(more recently closer to 5 percent because of staff 
shor tages ) to determine whether the actions recommended 
and taken make procedural sense and whether a reasonable 
case could be made in suppor ting the action to a non
spec ial ist . The sampl ing is  not random . Special atten
tion is paid to proposals and grant act ions that might 
have unusual character istics or involve difficult 
decisions . 

A second oversight function is  carr ied out 
through the advisory committees to the NSF research 
d ivis ions . These committees also sample grant actions , 
reviewing for such elements as the competence and number 
of reviewers ,  the ir possible biases , comments and docu
mentation by program off icers , distr ibut ion of funds 
among subspec ialt ies , and recogn ition of and suppor t to 
new l ines of scientific inqu iry . Committees make thei r  
r eports to the research divis ions and to OAO. All grant 
actions are available for inspect ion by the commi ttees . 
Each year , they select about 7 . 5  percent of reviewed pro
posals and resulting actions . In 1980 , more than 700 
grant actions were examined in 3 6  programs and only four 
act ions were identified in wh ich a good case could be 
made that there should have been a different decis ion . 

Copyright © National Academy of Sciences. All rights reserved.

Quality of Research in Science:  Methods for Postperformance Evaluation in the National Science Foundation
http://www.nap.edu/catalog.php?record_id=19536

http://www.nap.edu/catalog.php?record_id=19536


- 109 -

As an example of the evaluation s taff ' s  activities , 
Pregeau sw.aar ized the des ign of a proposed evaluation of 
chemistry proj ects . A sample of S O  NSF and 25  non-NSF 
chemistry proj ects has been selected , and publications 
a ssociated with the proj ects have been assembled ( see 
A�nd ix C for aore detail ) .  The publ ications are to be 
r ated by peer reviewers on the bas is of two criter ia s 
Fir a t ,  g iven the objective of the work , how good is the 
product? Second , no matter how technically proficient , 
was the wor k wor th doing ? The NSF proj ects selected 
i nc1ude a number that resulted in renewal proposals , some 
of wh ich were funded and some of which were decl ined , so 
that decis ions about renewals could be compared with the 
peer evaluations of the publ ications result ing from the 
previous grants . 

Fr egeau then discussed NSF ' s  response to the 
repor t by the Government Account ing Office (GAO 1981 , 
descr ibed fur ther in Append ix C) , wh ich cr iticized NSF ' s  
review procedures for renewal proposals on the grounds 
that not enough attention was paid to accompl ishments 
dur ing the ear lier grant . NSF has taken four actions s 
I t  will ask pr incipal investigators to distinguish more 
c lear ly between long-term obj ect ives of their  research 
and results to be expected under a specific grant . Pr in
c ipal investigator s will also be asked to name wh ich 
parts of the ir wor k were or are to be suppor ted by NSF 
and which par ts by other agenc ies . Th ird , the investi
gator s are to identify specifically what results were 
achieved under the preceding grant . (Although review 
forms expl icitly ask reviewers to comment on the pr inc i
pal investigator ' s  previous ach ievements , many reviewers 
do not make separate comments in th is section when they 
fill out the form. ) �urth , NSF will send out reviewer 
comments automatically ,  with the names of reviewers 
withheld , as suggested by GAO . 

Review of Grant Actions 

Dur ing the i r  visit , the subcommittee member s  
reviewed proposal and grant folders that had been 
selected by the staff of the Chemistry Division to 
represent the following categor ies : 

New Proposals 
Clear -cut grant awards 
Clear-cut declinations 
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Borderline grant awards 
Border l ine decl inations 
Young investigators *  

Grant awards 
Decl inations 

Renewal Proposals 
Clear-cut grant awards 
Clear-cut decl inations 
Borderl ine grant awards 
Borderl ine decl inations 
Young investigators *  

Grant awards 
Decl inations 

creativity extensions 
Accompl ishment-based renewals 

Grant awards 
Decl inations 

Reg ional Instrumentation Facilities Grants 

Closed-out Grants 

Based on th is inspection and subsequent discuss ion 
with the staff of the Chemistry Divis ion , subcommittee 
members made the following observations : 

• Reviewer scores are the single most important factor 
in mak ing fund ing decisions . The difficult decis ions 
come at a rating of about 4 ( •very good • ) . There is  
evidence in the folders that the s taff takes much 
time and care over the decis ions at the marg in and 
uses such cr iter ia as : What else is going on in the 
discipl ine ? What is be ing funded by other agencies ? 
Row narrow is the focus of the proposed research? 
How much of the same type of wor k should NSF fund and 
for how long? For young researchers , a score of 4 
i s  interpreted more favorably than for establ ished 
r esearchers , and evidence of some form of recogni
t ion such as a Sloan �undation fellowship or post
doctoral appointment to a h igh-qual ity department is 
cons idered by program staff as an appropr iate analog 
to track record for establ ished researchers .  

*Young pr incipal investigators are defined as those who 
rece ived the Ph . D .  degree seven or fewer years previously . 
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• Staff have to be knowledgeable about the proposed 
research and about the reviewers ,  so that reviewer 
�nta can be interpreted accurately . Knowledge 
of the pr incipal investigator ' s  work ( and progress 
in case of renewal requests ) comes from several 
sources , such as s ite vis its , discuss ions dur ing 
profess ional meetings , and careful reading of 
r epr ints and prepr inta . Site vis its are scheduled 
to take maximal advantage of scarce travel funds-
e . g . ,  in conj unction with profess ional meetings or 
other vis its to a nearby s i te .  They are therefore 
somewhat random and not a clear par t of the review 
process . Regarding interpretation of reviewer com
menta , each NSF program official tr ies to bu ild up 
a sor t of informal cal ibration of every reviewer . 
Th i s  is a long-term process , because NSF program · 

officials try to use the ir reviewers spar ingly . Por 
example , in one program not more than four proposals 
are sent to the same reviewer in the course of a 
year , another program used 512 different reviewers 
over a three-year per iod .  

• Documentation o f  the factors that go into staff 
recommendations , espec ially for borderl ine cases , 
is not suff icient in all instances to allow an 
outs ider to follow the reason ing adequately . 

• Subcommi ttee members observed several instances 
where formerly product ive pr inc ipal invest igator s 
were turned down when seek ing continued support 
because they did not publ ish the results of earlier 
g rants . Even some eminent investigators have been 
denied refunding , though in those cases a longer 
grace per iod was somet imes observed . The s taff of 
the Chemistry Divis ion noted that pressure to pub
l ish is very great in chemistry , hence , it is rare 
that a pr inc ipal invest igator with an apparently 
low rate of publication dur ing an earl ier grant 
gets refunded . 

• Subcommittee members found praiseworthy the exper i
ments with renewal procedures but wondered whether 
the exper iments are documented adequately . Though 
the Divis ion sends newsletters to cha irmen of 
chemistry depar tments , and an article about its 
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procedures was publ ished in Chemical and Engineer ing 
� (August 18 , 1980 , pp 19-20 ) , many scientists 
do not know about the innovations . Plans for 
assess ing the effects of the exper iments also seem 
inadequate . 

• It is not clear on what bas is decis ions are made to 
change the shares of funding that go to each of the 
e ight programs� What goes into the decis ion to 
abandon a particular subf ield or to invest in a new 
area ? 

Nicholson summar ized the ways in which the 
Divis ion tr ies to stay current--through rotators ,  through 
i ts Advisory committee wh ich directly addresses the ques
t ion of funding distr ibut ion among subf ields in its 
three-year overs ight reviews and also wr ites essays every 
year on future trends , through long-range plann ing which 
i s  done in f ive-year cycles , and through continuous staff 
interaction with the field and perusal of the l i terature . 
However , according to Nicholson , the system is essen
tially dr iven by proposals . If good proposals are not 
r ece ived for work in an emerg ing area , then NSF cannot 
move into that area . Sh i fts between subf ields are very 
much at the marg in r budget increments or decrements are 
generally distr ibuted on a pro rata bas is . Th is is not 
surpr is ing , g iven that two-th irds of any one year ' s  fund
ing is previously committed and that there are more good 
proposals in each subf ield than can be funded . The 
Divis ion Director does retain a small reserve to adj us t 
for an imbalance of good proposals rece ived by the 
di fferent chemistry programs . Given the modest s ize of 
indiv idual chemistry g rants , it  is probably relatively 
easy to sh ift emphas is within a program area when a new 
l ine of r esearch develops , but such shi fts do not show 
up in the budget process .  I n  fields that require exten
s ive facilities , l ike h igh-energy phys ics , there is much 
less internal program flexibility because of the larger 
investments needed for each research effor t .  

Conclus ions 

1 .  The procedures for reviewing proposals and renewals , 
mak ing dec is ions on grant awards , and collecting 
s tatistics on operations that were reviewed in the 
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Chemistry Division appear exe�lary , careful , and 
thorough . The small exper iments with alternative 
procedures are to be commended . They show ingenuity 
and interest in improving proposal and grant 
management . 

2 .  More documentation may be war ranted for this 
exemplary process for those who are not intimately 
faail iar with i t .  

3 .  An impor tant next step is to establ ish to what extent 
the procedures and patterns that character ize the 
Chemistry Divis ion hold for other d ivis ions in NSP. 
�r example ,  i f  the 9 5  percent rate of renewal 
requests holds for all of NSF and all such renewal 
proposals are reviewed , then a postper formance eval
uation procedure is already in place for a large 
major ity of individual grants made by NSF . 
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