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TABLE 57 Influence of Academic Rank on Decision (All Fields Combined)

Academic Rank Percent Receiving Grants

Assistant professor 45 (281)
Associate professor . 49 (303
Full professor 58 (488)

Numbers of applicants are in parentheses.

TABLE 58 Influence of Professional Age on Decision (All Fields Combined)

Professional Age Percent Receiving Granis
Received Ph.D. before 1970 54 (873)
Received Ph.D. after 1970 46 (285)

Numbers of applicants are in parentheses.

TABLE 59 Influence of Funding History on Decision (Excluding
Panel Fields; All Fields Combined)

Funded by NSF in Last 5 Years

Yes
No

Percent Receiving Grants

65 (557)
40 (643)

Numbers of applicants are in parentheses.

rating received by the proposal. The data are presented in Table 60, in
which we have exciuded data on applicants in programs employing
panels. The data indicate that nsg funding history does have a
slight independent effect on the decision. For example, among appli-
cants who received high ratings on their proposals and who have been
funded previously, 98 percent were funded on their current applica-
tions. This compares with 89 percent who received similarly high
ratings but who had not been funded in the past 5-year period. We
found similar differences among applicants whose proposals received
medium ratings and low ratings. In every case, applicants who had
previously been funded by NsF had a slightly greater chance of being
funded on their current applications. :
The tabular analysis of the aggregated data on decision leads us to
conclude that the primary determinant of whether an individual re-
ceives an NSF grant is peer review ratings, from both mail reviewers

TR T PRI T L I T
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0 Influence of Number of Years Funded by NSF in Last 5 Years

TABLE 6 { Reviewers (Excluding Panel

on Decision, Controlling for Mean Rating o
Fields; All Fields Combined)

Percent Receiving Grants
Medium Mean Rating

Low Mean Rating

SF High Mean Rating . of Reviewers
”nﬂm“mm‘o«“: of Reviewers of Reviewers " @D
7
148) 61 (i3 140)
Yes Ww AGC 41 122) 3 (
No

Numbers of applicants are in parentheses.
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can help turned down applicants, especially those close to the cutting
point, improve their chances for future awards. One said:

a principal investigator who was declined on

A couple of times, 1 counseled
how to rewrite it, to include different kinds of data, to express it in different
this area and then

ways. He would need to run one more experiment in
resubmit it.

Further, an expression of interest by the program director can
prevent applicants from believing that there is no way for them to
obtain NSF grants. Program directors can in this way influence the
process of self-selection into and out of the pool of applicants.

Declinations can have different implications, since some people are
declined but are given explicit or implicit information that they have a
good chance to be funded in the future. Others are declined and given
no relevant information, and still others are declined and given infor-
mation that would lead them to believe that they would have litile
chance of success with a resubmission.

Program directors reported varying amounts of dissatisfaction
among rejected applicants. In some cases, principal investigators felt
that proposals had not been properly reviewed. One case was de-

scribed in the following way:

guy who felt he had been unfairly treated. He
familiar with his work. 1 asked
d guys 1 had picked. He was
t with him and he

1 had one bad experience with a
claimed that I picked reviewers that were not
him who he would have picked, and he name
arguing that the NsF had something against him. I worked it ou
eventually said that he understood the situation.

One program director talked about how a negative decision occa-
sionally gets validated. He said:

The only thrill I've had in this job so far is when you decline a guy and he
thanks you for doing it. One guy said to me, “T just want to tell you that if T had
been you, 1 would have done exactly the same thing. I'm going back to rethink
it and I appreciate the reviewers’ comments,”

Many program directors point out that decreases in available funds
have forced them to decline proposals that would have been approved

in the past. One program director said:

I wish I could write letters outlining the reasons for declination because the
implication would be that every time 1 decline something I have a clear reason
for doing it. But that's the case in a very small proportion of proposals. Most
are declined because the money wouldn’t go that far.
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Applicants are required to submit budgets with their proposals
specifying how they are going to use any funds they receive. After a
proposal has been accepted, the program director usually confers with
the principal investigator about what the “‘revised’’ budget will be. In
most cases, the revised budget will be less than the original request.
There are essentially two reasons for this reduction: First, because of a
general decline in resources, the program director must attempt to
spread available funds around. Second, the program director must
consider how much “‘fat” there may be in a proposed budget. One
program director spoke at length about what is involved in this con-

sideration:

You look for things like the amount of foreign travel that they might ask for
istance, administrative assistance—

(vou figure that’s padded), secretarial assi
people that are not crucial to the experiment—(and if that’s in there to a large

degree, we figure that's padding), and the amount of computing time they ask
for, especially if we know that there is a reasonable possibility that they can go
to their dean and get free time. Ultimately, I leave it up to them. We don’t tell
them how to do the work, we just say, “you've asked for $60,000 and ['ve got
$40,000—Do you feel you can rewrite the budget in a way where you can do the
work within that $40,0007"" By and large, they will say yes.

To put this discussion of budgetary negotiation into proper perspec-
tive, let us consider how the characteristics of investigators are related
to the amount and proportion of money received. The data presented in
this report suggest that the characteristics of individual scientists have
little effect on the ratings of proposals and on funding decisions. Critics
of the peer review system have asserted that prominent scientists in
lofty positions in the social system of science are more apt than their
less-distinguished colleagues to receive large grants from the Founda-
tion. We have reported above that there is no significant relationship
between the amount of money scientists apply for and funding deci-
sions. Now we want to look only at successful applicants—those who
have been funded. In each of the 10 programs, these number roughly
60.
Table 61 presents the relationship between several of the characteris-
cipal investigators who received funds and the amounts of

tics of prin
der the general pattern of findings in the

money they received.! Consi

bit estimates, since the dependent variable—amount of
d range. Therefore, we used standard Pear-
on of variance explained by each variable

This analysis did not require prol
money received—does not have a restricte
sonian correlation techniques. The proporti
would be the square of the correlation coeflicient.
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Characteristics
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Rank of current
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w o

s P m mm 10 programs. We begin with the professional age of principal Inves-

‘ tigators. Although the zero-order correlations differ somewhat in the
several programs, the pattern suggests that senior scientists are, in
fact, more apt to receive larger sums of money. Anthropology is the

2 3 o e only program of the 10 that does not hold to this pattern.

e < s 33 The same pattern is found for the relationship between rank of

current department and amounts received. Anthropology and eco-

< - - nomics are the only exceptions to the finding that scientists at the more

P 2 o m m prestigious unjversities receive more funds. In all 10 programs there is

_ an association between the number of citations to a scientist’'s work
and the amount of money he receives. Similarly, the level of scientific

— - productivity, the granting history, and the mean rating of propo-

3 = m = g sals are related to the amount of funds in such a way as 1o confirm the
argument that, among scientists who are funded, those located in the
upper strata of the stratification system generally receive larger grants.

= ! 3 23 ‘ To find out whether the more prominent scientists are favored in the

[ < e g9 | amounts of funds they received independent of the sizes of their
. enterprises, we examined the proportions of funds requested that were
m S > 23 actually received by principal investigators. If the scientists who are
= S o most prominent are also favored, we should find that they receive
m larger proportions of their requests. Table 62 presents the data relevant
e o - : to this question. Again we present zero-order Nmmnmoa_ma ooﬁm_m&ou
s s = 22 n coefficients between the same set of characteristics of the scientists
: and the proportions of funds requested that were received. Comparison
of the associations in this table with those in Table 61 reveals a
significant shift in the pattern of associations. There continues to be 2
% o o <o small effect of the mean ratings of proposals on the proportion of funds
= & T 23 received, but the correlations are somewhat less than we might expect.
Among projects funded, some projects receiving relatively low peer
review ratings ask for large sums of money and receive large propor-

- - ~ tions of the requests. Correlatively, some higher-rated proposals re-

m a3 2 wm ceive lower proportions of the requested funds than do lower-rated

! : proposals. This raises the question of whether the amounts of re-

- . m. quested moncy not given to the higher-rated projects relate to fat in the

i A w M w : budgets, or the need to spread funds around to other, less-well-

regarded projects.

oo wm .F 8 of the 10 programs, young principal mnwwmammaonm receive a
o S . z .2 E higher proportion of requested funds than do their older colleagues. In
Sy % s w.m ZEZ s most programs, rank of current department has gither a negative
m‘m 2 .m,m 383 22 % correlation or a very small positive correlation with proportion of funds
£5588%E852 5 received. Biochemistry is the only program in which highly cited

C & =T principal investigators were significantly more likely to receive a high
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n general, the correlations suggest that,
at most, only a small amount of the variance in the proportions of
requested funds that are received can be explained by any one of these
characteristics of principal investigators.
These tablés represent first attempts to understand the influences on
the amounts of money and the proportions of requested funds received
among funded projects. But many questions remain unexamined here.
For instance, we do not have data on the types of grants being
funded—the extent to which some projects are labor-intensive and
others are more dependent on equipment. Further, we do not know
what types of cuts are made in budgets, what kinds of justification are
made for the cuts, and the consequences for scientists of budgetary
decisions. All these questions go far beyond these data, but all require
further study. For the moment we can only tentatively conclude that
there is no strong evidence that scientists of high rank receive strik-
ingly disproportionate shares of NsF funds.

Another question about the distribution of NsF funds is whether
some large and prestigious universities receive ““disproportionate”’
amounts of money. Unfortunately, data we have collected cannot be
used to answer this question. The unit of analysis for our research has
been the investigator applicant, not the institution. Therefore, the
relatively low correlations between rank of current department and
amount of money received reported in Table 61 do not tell us anything
about the amount of money going to particular institutions. The data on
the correlation between rank of current department and proportion of
funds received reported in Table 61 suggest that, if indeed some

institutions are receiving a “‘disproportionate’ amount of money, it is

probably because they have more scientists applying and these scien-

tists apply for larger grants.

proportion of requested funds. 1

MONITORING RESEARCH ﬂmwﬂowg>zom

Aside from the work directly involved with the decision-making pro-
cess, the program directors have one other important task. They must
determine how NSF resources given to investigators are being used.
Thus, they must monitor the work of principal investigators. This is
extremely important not only because the Foundation demands that

funds be used for the purposes for which they were requested and

given, but also because many principal investigators seek renewals of

their grants. .
The program directors monitor grant activity in a number of different
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ways. The most obvious strategy is evaluating the publications that
come out of the funded work. As one program director put it:

On renewals, people will go through and review what they [applicants] have
done on previous proposals. They will list their publications, and usually [ am
familiar enough with the areas to know if it is really good or significant, or if
they're just publishing for the sake of it,

Although publications do provide some indication of progress, some
program directors are reluctant to deny requests for renewals on the
basis of low publication rates. As one said:

The onty question I have is, ‘‘Is he going to stop working?”” As long as there is
evidence that he is working, that’s O.K. Most people feel they would rather not

publish, than publish crap. Most of the people to whom we give continuing
grants we feel are like that.

Evaluation of work is also done by visiting research settings. Such
site visits provide information about both the principal investigators
and the work. This was described in the following way:

In a site visit, we make sure that the principal investigator is not sitting in a
room talking to us, but that the rest of the staff is there in the room and they all
have a chance to say something, and the grad students are there too. We don’t
want a snow job. We want to get the complete picture of what is going on.

Our intensive interviews with program directors, panel members,
and other members of the NsF hierarchy suggested that there is no
systematic attempt to monitor the outcomes of research grants. The
scientific community is heavily relied upon to give feedback to the
Foundation in the form of evaluations on subsequent grant applica-
tions. Almost nothing is done with the informal records of cutput that
accumulate in the files of program directors. Recently, the NsF has
taken steps to systematize the collection of information about research
publications based on NsF-sponsored research. At the termination of
grants, principal investigators must fill out forms listing all research
publications produced by funded activity. To date, this information is
not available to program directors for their use in evaluating the results
of their prior funding decisions. Moreover, publications resulting from
grants frequently come out after formal termination of the grants.

v

APPENDIX

Criteria for
Selection of Grants

woTE: The content of the following pages ﬁr_.oc.m: page 171)
consists of facsimiles of materials used by the National mnﬁsnw
Foundation in collecting information used as part of the data base o

this report.

We have referred to the criteria that Hﬁw&mq.w are ,mmwwa d...o use m:
evaluating grant proposals. In a ﬁ:_u:omso.: omzzo.? Criteria F_, t m
Selection of Research Projects by the Zmﬁoa& Science mOcjam.:oP
the NsF (1975b) lists them. They are grouped in four categories:

Category A .
Criteria relating to competent performance 3., research—the technical
adequacy of the performer and of his institutional base:

1. The scientist’s training, past performance record, and estimated

otential for future accomplishment. .
F 2 The scientist's demonstrated awareness of previous and alterna-

tive approaches to his problem. . . .
3. Wwogc_m adequacy of available or obtainable instrumentation and

technical support.

Category B
Criteria relating to the internal structure of science itself:
4. Probability that the research will lead to important discoveries or

valid, significant conceptual generalizations within its field of science
or (in the most favorable cases) extending to other fields as well.
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5. Probability that the research will lead to significant improvements

or innovations of investigative method—again with possible extension
to other ficlds of science.

Category C

Criteria relating to utility or relevance:

6. Probability that the research can serve as the basis for new
invention or improved technology.

7. Probable contribution of the research to technology assessment—
that is, to estimating and predicting the direct and indirect, intended
and unintended effects of existing or proposed technologies.

8. Identification of an immediate programatic context and uses of
the anticipated research results.

Category D

Criteria relating to future and long-term scientific potential of the
United States:

9. Probable influence of the research upon the capabilities, interests,
and careers of participating graduate students, postdoctoral associates,
and other junior researchers.

10. Probability that the research will lead to radiation and diffusion,
not only of technical results, but aiso of standards of workmanship and
a tradition of excellence in the field.

11. Anticipated effect upon the institutional structure of U.S.
science.

According to this document, the first three criteria are *‘vigorously
applied” in all programs and the last three are always “‘kept in view.”’
The document further discusses the special emphases that characterize
particular programs. In the sphere of basic research, the emphasis is
“overwhelmingly”’ on the criteria of scientific merit (4 and 5). Con-
sideration is also given to the utility criteria (6 and 7) in a more
general way and *‘considerable direct weight’’ is given to criteria 9-11.
In addition, the following are said to be encouraged by the Foundation:

v
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1. Participation in research by graduate students. .

2. Open publication of research results in the mﬂmnam.a literature.

3. Widest possible access to unique facilities for interested and
competent scientists. .

4. Emphasis upon originality, elegance, and economy of method in

university research.
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Investigator:

Proposal No.: . .

Institution:

Please return to:

If possibie by:

Comments { Continue on additional sheet if necessary)

OVERALL RATING
0O EXCELLENT
O VERY GOOD

O GOOD

0O FAIR

O POOR

NsF Form 173, Jan. 1976

Signature of reviewer:

Other suggested reviewers (optional):

Verbatim but anonymous copies of reviews will be
sent only to the principal investigatorfproject direc-
tor on request. Subject to this NSF policy and appli-
cable laws, including the Freedom of Information
Act, 5 USC 552, reviewers’ comments will be given
maximum protection from disclosure.
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AR TR b S

AT it

The staff of the National Science F oundation frequently needs to call
on scientists and other specialists outside the Foundation for advice
and guidance in appraising the many requests it receives. For S.Mm
reason I am asking you to assist us in evaluating the scientific merit of
the project described in the enclosed proposal.

The criteria for evaluation and the details of current policies and
procedures are described in the enclosed instructions for reviewers.
Some of the policies and procedures have changed as of January 1,
1976, so please read the instructions carefully even if you have re-
viewed proposals for us in the past. Please make special note of the
new policy on providing verbatim copies of reviews. We would like to
add to our lists of highly qualified reviewers. Your suggestions, espe-
cially of young, women, and minority scientists would be appreciated.

Thank you for participating in the review processes. Your assistance
is vital in assuring that each proposal is evaluated fairly, critically, and
promptly.

Sincerely yours,
1. CHRISTOPHER CORDARO
Program Director for Genetic Biology

Enclosures
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INSTRUCTIONS FOR REVIEWERS OF GENETIC BIOLOGY
PROPOSALS

Your critical review of the merits of the project will be of great value.
Aspects that may enter into such an evaluation include the relative
importance, feasibility, and conceptual framework of the project. You
may also wish to consider the capacity of the investigators to conduct
successfully the contemplated project, as evidenced by their descrip-
tion of developments in the field; their presentation of the proposed
project; and their training and research contributions. If the facilities
described seem inadequate, this should be noted.

Please enter your overall rating of the scientific merit of the proposal
at the bottom of the rating sheet, using the following guidelines:

EXCELLENT: Highly meritorious and deserving of top priority for
funding. This rating should be reserved for truly excellent proposals
but should be used without hesitation when warranted.

VERY GooD: Proposals considered superior, both for the intrinsic merit
of the project and the ability or potential of the investigator, but
having secondary priority.

GooD: Quality sufficiently high to warrant consideration for support
but definitely with tertiary priority.

FAIR: Unsupportable in present form; might merit consideration for
support if resubmitted with major changes.

pooR: Unsupportable.

Check two adjacent boxes if your rating falls between two categories.
Budgetary aspects should not enter into the rating, but comments on
the budget are helpful.

Duplicate rating sheets are enclosed, together with a preaddressed
envelope for the return of one of these sheets to us by the date stamped
in the upper right-hand corner. You may keep the other sheet if you
wish.

The Foundation receives proposals in confidence and is responsible
for protecting the confidentiality of their contents. For this reason, we
ask that you refrain from copying, quoting, or otherwise using material
from this proposal. If you believe that a colleague can make a substan-
tive contribution to the review, please consult me before disclosing
either the contents of the proposal or the applicant’s name. When you
have completed your review or if, for some reason, you find yourself
unable to respond to this request, please destroy the proposal.

Verbatim copies of reviews, ratings, and associated correspon-
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dence will be sent to the principal investigator/project a:momg oﬂ.”
request. The copies will not oo_ﬁ&a your name, the name of y e
institution, or names that might constitute an invasion of the u:/..mow o
others. Subject to this Foundation policy and applicable ,.m..,zm .ﬂ .EM Mm :
ing the Freedom of Information Act, 5 USC m.mm“ your participatiof 2
reviewer and the content of your review will be given the maximu

ion from disclosure.
?d%“ﬁwﬂ:awﬁo: will publish annually a list of Ea. names m.:a mm&wmwow
of persons who have reviewed proposals. Fa_«_acam will zoﬁa min._
ever, be identified with specific ﬁaov.o%_m. In n:.m way the 1@% al _M_o
can publicly acknowledge your service as a reviewer and at the sa
time protect the confidentiality of your comments.
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I am enclosing a proposal for your review.

The success of the Foundation’s effort to strengrhen scientific de-
velopment through the wise use of public funds rests, fundamentally,
upon the interest of individual scientists in sharing with us the respon-
sibilities for insuring the scientific integrity of our programs. The
careful and prompt evaluation of grant proposals is a vital part of this
effort. Your assistance is, therefore, greatly appreciated.

Please comment as freely and with as much detail as possible. Your
comparison of the merits of the enclosed proposal with others you may
have reviewed in the past, and a comparison of the merits of the
individual investigators with others in the field, would be of consider-
able value. I would also appreciate your suggestions of other possible
reviewers.

The Foundation receives proposals in confidence and is responsible
Jor protecting the confidentiality of their contents. For this reason, we
ask that you refrain from copying, quoting, or otherwise using material
from this proposal. If you believe that a colleague can make a
substantive contribution to the review, please consult me before dis-
closing either the contents of the proposal or the applicant’s name.
When you have completed your review or if, for some reason, you find
yourself unable to respond to this request, please destroy the proposal.

Verbatim copies of reviews, ratings, and associated correspondence
will be sent to the principal investigator on request. The copies will not
contain your name, the name of vour institution, or material that might
constitute an invasion aof the privacy of others. Subject to this Founda-
tion policy and applicable laws, including the Freedom of Information
Act, 5 USC 552, your participation as a reviewer and the content of
your review will be given the maximum protection from disclosure
possible.

The Foundation will publish annually a list of the names and
addresses of persons who have reviewed proposals. Individuals will
not, however, be identified with specific proposals. In this way the
Foundation can publicly acknowledge your service as a reviewer and
at the same time protect the confidentiality of your participation.

Sincerely yours,

B. R. AGINS
Program Director for Applied Mathematics and Statistics
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TO REVIEWERS OF MATHEMATICAL SCIENCES PROPOSALS:

Experience has shown that a somewhat &mocnmm.a.m _.mSW.E. which
describes the various pros and cons that have gone into Emwim up the
final judgment, is the most helpful for comparing the relative merits of
roposals. .

° mem important that ratings shall reflect your ovmiomﬂ of E.m technical
merits of the proposal and the qualifications of the investigators but
shall be independent of the amount requested. However, separate
recommendations concerning the proposed budget and general mag-
nitude of the rescarch program will be appreciated, since budgets of all
proposals are adjusted before a grant is awarded. . -

To aid in the uniform rating of proposals, the following definitions of

the rating terms are supplied.

EXCELLENT: Important research problems being undertaken by n:m_-
ified mathematicians who can be expected to make mccmﬁm::w_
progress; presents an opportunity for a major ooza_ucn.oﬁ to ._umm_n
knowledge; should be supported regardless of _ucammﬂmn.w limitations.

VERY Goop: Does not quite measure up to the previous nmﬁ.mmba\
insofar as the research problem may be of somewhat lesser signifi-
cance, or there may be some question concerning the ability of the
investigator to carry through the complete program; should be
supported.

GooD: Worthwhile research being undertaken by competent mathe-
maticians, but more routine in nature; may be supported if funds are
available.

FAIR: Research proposal has serious deficiency that aonnamm.mm proba-
bility of successful completion; not deserving of support in present
form. .

pooR: Inappropriate, technically unsatisfactory, or of a purely routing
nature: not deserving of support.

Unless the reviewer specifically requests otherwise, certain H,oia,.a
comments may be anonymously supplied to the proposer for his

assistance and guidance. . . o
The time and effort of reviewers is a vital part of the contribution to

mathematical research made by the National Science Foundation. We
thank you very much for your assistance.
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Proposals submitted to the Engineering Division of the National
Science Foundation are evaluared with the assistance of outside
reviewers who are competent in the appropriate technical areas.
Primary emphasis is placed on the technical merit of the proposal and
the probable contribution of the work to the understanding of funda-
mental engineering principles. We are generally not concerned with
specific applications or with answers to particular problems.

We would like to request your evaluation of the enclosed proposal.
The proposal should be treated as a privileged document. The Founda-
tion receives proposals in confidence and is responsible for protecting
the confidentiality of their contents. For this reason, we ask that you
refrain from copying, quoting, or otherwise using material from this
proposal. If you believe that a colleague can make a substantive
contribution fo the review, please consult me before disclosing either
the contents of the proposal or the applicant’s name. When you have
completed your review or if, for some reason, you find yourself unable
fo respond to this request, please return the proposal in the enclosed

Sfranked envelope.

Verbatim copies of reviews, ratings, and associated correspondence
will be sent to the principal investigatoriproject director on request.
The copies will not contain your name, the name of your institution, or
names that might constitute an invasion of the privacy of others.
Subject to this Foundation policy and applicable laws, including the
Freedom of Information Act, 5 USC 552, your participation as a
reviewer and the content of your review will be given the maximum
protection from disclosure.

The Foundation will publish annually a list of the names and
addresses of persons who have reviewed proposals. Individuals will
not, however, be identified with specific proposals. In this way the
Foundation can publicly acknowledge your service as a reviewer and
at the same time protect the confidentiality of your comments.

A rating sheet, our definition of the rating terms, and a franked
envelope for return of the proposal and your evaluation are enclosed.
We hope that you will be able to undertake this task for us. If you are
unable 10 complete the review or feel it is not close enough to your
technical area, perhaps you can suggest names of other reviewers.

Any assistance you may be able to provide in making the evaluation
will be appreciated.

Sincerely yours,

CHARLES A. BABENDREIER

Program Director, Structural Materials and Geotechnical Engineering
Engineering Division
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TO REVIEWERS OF NSF ENGINEERING DIVISION
PROPOSALS:

The Engineering Division supports B..wlﬂoq.wo:m qomawn.o.: mem Hﬂaomwwwm.
to advance significantly the basic engineenng ompvmg:.cwm. o M ourr
try. Such research in engineering Eo_caom the E.,Nmm:mm:ou w %m nek
ples and techniques involved in the design of engineering m%mﬂo.g:m i
the analysis and synthesis of processes and systems that contri
environment. .

Eﬁmw%@%ﬂw:mwmuﬁosm of our standard rating terms are mcuﬁ_wwm
for your guidance in evaluating the attached proposal. .WnSmiNMQmQ
asked to interpret the definitions broadly rather than in a res

way.

EXCELLENT: The problem is very important and well defined ﬂ_ ::M
proposal. The investigators are highly competent and fully capable o
i j rt.
doing the job. Strongly deserves suppo .
VERY Moou..._ The problem is important and adequately defined in :.um
proposal. The investigators are competent, and the research wi
contribute to their growth. Deserves mc%voﬂ. -
i t the resea
GooD: The problem may be important, bu .
defined. The approach is routine but might ooH._ﬁ_.@Eo.S m_.mg:m:m
education or developing the potential of the principal investigator.
i inal in i t form.
The proposal is marginal in its presen
FAIR! ‘—ww@ problem is probably unimportant or not Eo:.wnocmr.awmﬂwa
in the proposal to allow evaluation. The .mwmm.omn: is questionable.
The proposal is not deserving of support in its present form. e
pooR: The problem is unimportant, subprofessional, or has been solve

by others.

h is not well

Note: The Foundation will be pleased to qnnw?w comments .,mmmu.&w_m_
the proposed budget, but this factor should not Ebcoan.m your over
merit rating, since the budgets of all proposals are adjusted prior to

awarding a grant.
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TO: REVIEWERS OF RESEARCH PROPOSALS FOR THE

NATIONAL SCIENCE FOUNDATION, DIVISION OF SOCIAL
SCIENCES

CRITERIA OF JUDGMENT: Primary emphasis should be placed on the
scientific merit of the project. The importance of the scientific
problems addressed in the proposal, the conceptual framework of
the project, the feasibility of the research strategy, and the compe-
tence of the investigator are ali appropriate criteria for judgment.

BUDGET: Comments on the appropriateness of the budget for carrying
out the work proposed are solicited, but budget aspects should not
influence your overall merit rating. Budgets can be adjusted by the
NSF staff if an award is to be made.

CONFIDENTIALITY OF PROPOSALS: Piease treat the proposal as a
privileged document; no material from it should be copied, quoted,
or otherwise used without permission of the author, nor should the
author’s name be revealed in connection with this proposal. If you
believe that a colleague can make a substantive contribution to the
review, please consuit before disclosing either the contents of the
proposal or the appiicant’s name. When you have completed the
review, or if you are unable to do it, please destroy the proposal.

CONFIDENTIALITY OF REVIEWS: To acknowledge our debt to reviewers
and to inform the public, the Foundation will publish annually a list
of the names and addresses of all persons who have assisted us by

providing reviews. There will be no identification with specific
proposals.

Verbatim copies of reviews, ratings and associated correspondence
will be sent, on request, to the principal investigator/project director.
These copies will be edited to remove your name and institutional
identification and to avoid compromising the privacy of third parties
whom you might mention but may not be retyped or otherwise changed
to remove other information which might reveal your identity. Your
comments and identity will, of course, be available to Foundation staff
processing the proposal and to its Advisory Panels. Except for these
Foundation policies, your participation as a reviewer and the content
of your review will be given maximum protection from disclosure
under applicable laws, including the Freedom of Information Act, 5
USC 552

Any letter accompanying your review wilt be considered part of it
and will be available to the investigator also, subject to the limitations
mentioned above,
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ENCLOSURES: Along with one copy of each proposal are three nmﬁ.ﬂm
sheets—two copies to be returned to us in the return .voﬂmmmlwmm
envelope provided and one copy for your files. The review éoc_a e
most helpful to us if the rating sheet could be returned by the date
indicated. PLEASE SIGN ONLY THE ORIGINAL. Please return

original and one copy.



APPENDIX

Sample, Data,
and Methods

SAMPLE

In m.a_moanm the 10 programs for study we considered the form of peer
review m«mHmB used. We included some programs that used only ad hoc
mail reviews and some that used a combination of ad hoc mail and
panel reviews. We also considered the disciplinary context of the
program. sﬁ wanted to sample programs in the physical, biological
and social sciences and in engineering. The other criterion “zmm the mmmm
of the program. We decided to include the larger rather than the smaller
programs .@mnmcmm they would include a more significant portion of all
NsF activity. The 10 programs selected for analysis were: algebra
mE.E.o@o_omF biochemistry, chemical dynamics, ecology mmo:o::ow.
fluid mechanics, geophysics, meteorology, and mo:a-mﬂmﬂm physics Om.
Em.mw. algebra, chemical dynamics, fluid mechanics, meteorology .m:a
Mo_ﬁ_wn_-ma.__mm ﬁ@%mﬁm H=mm only ad hoc mail review; the others use mmno_

nd mail reviews. In the i i

e inae by ounel Enva_.mwmovwwm_om. section no data are kept on the
. Within each program, in selecting cases for quantitative analysis we
included only applications that required a new set of reviews in fiscal
year 1975. We included only those applications requesting funds for
new research projects. Using the basic research grant requiring a set of
reviews as the unit of analysis, we chose from each program a systema-
tic random sample of 50 grant applications that were successful and 50
that were unsuccessful. We excluded all committed renewals because
Eo.v_,o,_ooﬁm had been funded for more than 1 year, if funds were
available. In these cases, new reviews are not ocﬁw::&. We also
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excluded dissertation grants, travel grants, and conference grants
because the criteria used in evaluating applications for these are apt to
differ significantly from those used in evaluating applications for basic
research.

We stratified the sample of applicants on the dependent variable,
decision {i.e., 50 percent successful and 50 percent unsuccessful). We
did so for two reasons. First, we wanted to make sure that the amount
of variance in the dependent variable was not significantly greater in
one field than in the others, since differing amounts of variance on the
dependent variable could affect the size of the correlation coefficients.
Second, we wanted enough acceptances and rejections to ensure
statistically accurate pictures of both. Since we stratified on the
dependent variable, we cannot generalize our results to all the applica-
tions in the 10 programs without using a weighting procedure because
in some of the programs, our stratified random sample over-represents
or under-represents successful applications. Presumably, successtul
and unsuccessful applications may differ in some significant ways.

Since some of the program samples over-represented or under-
represented successful applicants, we wanted to make sure that this did
not affect the substantive conclusions reached. In order to do this, we
examined the algebra program, in which the proportion of acceptances
in the sample differed by the widest margin from that in the population,
repeating the entire analysis using a weighted sample that corre-
sponded to the population. The results of this analysis were virtually
identical with those reported for the algebra program throughout the
report. As an example we present below the results of 20 regression
equations that compare the estimated RZ from point probit analysis for
both the unweighted and weighted samples:

TABLE B-1 Proportion of Variance Explained on Ratings by Nine
Independent Variables: Algebra Program

Independent Variable Unweighted Sample Weighted Sample

Citations to recent work 0.06 0.07
Citations to older work 0.03 0.01
Number of papers published 0.00 0.01
Rank of present department 0.07 0.05
Rank of Ph.D. department 0.04 0.03
Type of current institution (Ph.D. or not} 0.01 0.00
Professional age 0.00 0.00
Academic rank 0.03 0.03
Years funded 1970-1974 0.05 0.05
All nine variables 0.17 0.16
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The probit estimates for the other tables did not differ by more than a
point in the comparison of the weighted and unweighted samples. We
may conclude that stratification on the dependent variable probably
had no substantive influence on the probit findings reported in this
report, and examination of the tabular data and ordinary regression
analysis vielded the same conclusion.

The final sample in each program includes slightly more than 50
grants in each category. When we initially selected the sample and
requested the jackets, some could not be located or were not available.
Substitutions were made. Later, however, we obtained the missing
jackets and added these to the files. A comparison of the missing
jackets with the ones given to us on a first request revealed no
systematic differences between the two. Thus, the final sample in each
field generally contains somewhat more than 100 applications. Many of
the proposals involve more than one principal investigator. For these
cases we collected data on all the principal investigators.

The principal investigator, rather than the grant, is used as the unit of
analysis in the quantitative analysis. Thus, if a particular grant had
more than one principal investigator, each was treated as a separate
unit. The analysis, then, focuses on the probability of different types of
scientists receiving NsF grants. We thought that perhaps the probability
of a principal investigator getting a grant would be affected by the
status of his coprincipal investigator. We used two statistical compari-
sons to see whether our conclusions were affected by the way in which
coprincipal investigators were treated. First, we compared two sepa-
rate correlation matrices for the variables in the data set—one includ-
ing grants with more than one principal investigator, the other omitting
those grants. The correlations differed by no more than a few points. In
the second comparison we identified each grant with the most eminent
principal investigator, using citations to past work as the indicator of
eminence. Then, with the grant as the unit of analysis, we repeated our
correlation matrix and, once again, found that the correlations with the
dependent variable, decision, differed by no more than a few points.
Since 19 percent of the grants had more than one principal investigator,
this is an expected conclusion. Using the principal investigator as the
unit of analysis did not distort the results in any substantive way.

We encountered one other problem in selecting the sample. Some of
the principal investigators who appeared on our list of declined applica-
tions also appeared on our list of granted applications or were current
recipients on committed renewals. Inclusion of these investigators
could distort the results, since the criteria in awarding a scientist a
concurrent NsF grant might differ from those used in deciding whether

w
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or not he or she should be funded at all (NsF Peer Review .mE.&r qum.

p. 8). Therefore, we excluded from the sample all nﬁ.:o:um_ aEMom-
tigators on declined proposals who were concurrently being fun led on
other NSF grants in the program. When such cases E.Hzna up _:_.o_:
sample, we substituted the next grant on the list of rejected applica-
3 1

:o,ﬂw.m two tables below provide information about the level of activity
i rams we studied.

" ,ﬂwﬂ_ﬂowm.w presents data on the actions taken by each of the 10
programs in fiscal year 1975. The first ooEBn shows 50” total number
of actions taken by the program. This <w:om.¢oB a high of 419 for
anthropology to a low of 140 for fluid Eno:m::um..,ﬂro second column
shows the number of new research grants mc.urmm_ for and the last
column shows the proportion of these applications E.m: were funded.
This varies from a low of 30 percent for m_moﬂ_,m.ﬂo a high of 63 voﬂnanm
for geophysics. This success rate may be an indicator of the mmsoca or
“‘proposal pressure”” on each program. .;n.ﬂzosﬂ to s&_or m:_.m

pressure influences the peer review system is not analyzed in this

report. It is, however, a significant question and requires further

research. .
Table B-3 presents the financial statistics for each of the 10 programs

for fiscal year 1975. Some of these statistics are based on estimates
from our sample because the NSF did not have the data available. The
first column shows the total amount of money spent by .amor program.
The second column shows the amount of money mE.u:ma for in new
grant applications. The third column m?o.w the v_.o_u.o_,:m.i of new mnmum
money applied for that was awarded. Hr_m .vnovoaon_ is a measure O

the dollar pressure on the program. This varies from a low of 23 percent
for chemical dynamics to a high of 56 percent for meteorology. The

11t urned out that we were not completely mcmonwmm: in eliminating from ,Em :_m._n om
declined applicants all scientists currently receiving NSF support. We were Hw_u e :wA Mo M_M k
only whether these scientists were currently receiving NSF mmﬂu..w! hur e ﬁwﬁn_&ﬁ
program we were studying. Thus, for example, we noﬂw_m only teil whet] nw a cienus
turned down in chemical dynamics was currently H.mn.m_s.sm money m.o.a the che .
dynamics program. We could not tell whether that mo_ni—mm was receiving Boum.u\n_MMMH
some other program. We later found that several of our aonm:_mm scientists émnn. Econ cm.
receiving money from some other NSF programs. This applies to oi% a mbr number of
the 1,200 scientists in the sample. We also were not able ﬁ.o .mwﬂm_._:_zn whet Mw u:nn_ws !
investigators on declined projects were concurrently receiving m_.:am m..m:. ot! M_“ mo<ﬂ -
ment or nongovernment agencies. In some fields, such as c_oowonﬁmz.ﬁ nﬂnr-”oi
stronger possibility of this than in o%m.ﬁ.. such as mathematics, n:..z,-n_.. we 0m=M= o
how often projects are declined explicitly ._uanw:mn of m:.a_.awcé sources o ___uu .
Review of the proposal jackets suggests that this number is probably quite small.
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TABLE B-2 Proposal Activity for 10 Programs, FY 1975

[P2] {5}
o gew 3) @) Declinations P )
rants -Continuing Dissertati o O e Grants
brosran rtation/Travel/ Dissertati i i i
2 Total Awarded Grants Conference Grants Grants Confer:nlgen ! ??I:dT?C(EXCIUdmg Pissertation

P o = - . avel/Conference Grants), %
A_nthropology 419 77 44 88 i 5 30
Biochemistry 378 122 120 10 125 1 o
Chemical 1 : “

Dynamics 236 51 . 92 1
Ecology 285 82 42 22 o6 ; .
Economics 269 15 55 10 n % 38
pon 121 8 38

Mechanics 140 59 22

. 4

Geophysics 185 91 40 0 w4 : p
Meteorology 186 81 43 8 o 0 o
Solid-State ¥ ’ *0

Physics 293 7 114 6 101 1
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TABLE B-3 Financial Statistics for 10 Programs, FY 1975

3
) @ Proportion of New 4y %)

Total Funds Total New Funds Granted Qut Proportion of 5 Proportion of New

Awarded? (New Grant Funds of Total Funds Total Funds Mean Value of funds Granted to
Program and Continuing) Applied for?  Applied for Committed New Award® Awardees
Algebra 1,963,005 2,547,653 0.28 0.63 11,897 0.73
Anthropologyd 3,041,698 6,267,613 0.31 0.36 25,138 0.81
Biochemistry 6,865,056 10,812,705 0.32 0.50 28,368 0.59
Chemical Dynamics 4,590,300 7,060,231 0.23 0.64 32,100 0.74
Ecology 3,143,400 5,912,246 0.35 0.34 25,350 Q.76
Economics 4,389,970 8,831,890 0.29 0.42 33,769 0.75
¥luid Mechanics 2,099,439 3,363,205 0.45 0.27 25,919 0.85
Geophysics 3,584,946 5,001,117 0.50 0.31 21,366 0.74
Meteorology 4,766,436 5,553,036 0.56 0.35 38,439 0.82
Solid-State Physics 5,752,945 6,048,056 0.37 0.61 31,097 0.79

@The data on proposal activity are drawn from “Program Officers Workload Status Report Fiscal Year 1975 Proposals and Actions” (an NSF
document). Although this report contains funding information, certain limitations prohibit us from using this information. First, it only pro-

nt recipients and the amount applied for by declined applicants, and second, there is no specification of the

vides the amount received by gra
time period for successful grants, unsuccessful requests, and continuing awards, making it impossible to determine how funds are distributed

on a yearly basis,
Because of these limitations, all figures presented in this table are estimates based on our sample. Total new awards was computed by
multiplying the mean award for the sample (for each program) by the total number of new awards given by the program. Total continuing
awards was computed by multipiying the mean award for the sample by the total number of continuing awards. (We used the new-award
mean, since we cannot determine the value of continuing awards from NSF data.)
bThis figure is the sum of the mean value of requests by successful and ansuccessful applicants in the sample multiplied by the actual number
of applicants in each category.
€This figure is a result of dividing the esiimated total amount of new funds granted by the number of recipients of new granis.
dpissertation grants and requests are not included in these figures. In this field, $431,800 was distributed for dissertation support. This repre-
sents 12 percent of the program’s total budget. Forty-four percent of requests for the support were granted.

Two other programs, ecology and economics, also provide dissertation support, but the amounts involved are quite small (less than 2 per-
cent of total budget). Conference and travel funds are also granted by other programs but this activity is quite minimal.
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influence of such dollar

) ressure ; .

requires further research, p on the operation of peer review

The

budget Mﬂwﬂw column of Table B-3 shows the proportion of program

the varions on committed q.n:mim_m. This tells us the extent to which

The ammmoumwwwmmﬂ%manoﬂﬁ: money to relatively long-term projects
ecis .

analyzed. ions and the consequences should be further

T

the -“Mmmmwﬂoﬂuo_caz shows the mean dollar amount for new awards, and

awarded di MBM shows for grant recipients the amount of Bﬁwzm

55 percen M<~. e _d.\ the amount applied for. This various from a low ow\.

around 75 oa _.__mr. 0»., mu. percent. Most of these percentages are

about thr wm:”m:r indicating that the average grant recipient gets

o e mm- M_E::m of what he applies for. The low figure for

an om.o_.ﬁ%m w. mmo_émm further research. It may be that in this program

is being made to ‘‘spread the mone ”
. . y around.”” Th
this decision and the consequences should be analyzed © reasons for

DATA

Aft i
. M%Mnmmwﬂmﬂwzw Hro sample we collected data on the principal inves
. ata sources included: the grant jack i ined
R . : the grant jac et, which contained
. ,acurriculum vitae of the principal i 1
and a list of his publicatio ] o o son
ns; American Men and W ] ,
nda [ omen of Scie
M Y OMW hwm Mﬂuwn%ﬁ o.m graduate departments published by Hﬂ_qm >EM.M”.
ucation (ACE); and the Sci tati i
San Council on Bduc CE); cience Citation Index (sc1).
[ nformation on the stat inci i
e dats : orm: ns of the principal inves-
gators in the sciences; indicators of their scientific track _.o%oa. _umwa

review ratings; and decision .
s s, T
data are: he variables constructed from these

“ W_H_.%:o.uommom_ age of principal investigator.
acuui MM owﬁoma age ow. principal investigator (number of years since
aeauirs %o o_u.ﬂmm.m.o MJ:MW_U_MHWQ we have divided the applicants into
hose ho obtat .D. prior to 1970 and those who obtained it
o . .
nmbﬁﬂwwsm%namswm@ of Ph.D. department {obtained from the 1964 ACE
. Depending upon how many de i
o 2 1 . partments were included i
Q.MMMM Ma_?ww,. we &Sama them into four or five groups. In those MMLM
ot wooﬂm ysis in which we oo.:E not use pair deletion, we assigned a
e to all cases for which the applicant’s department was not

£ T e e s e
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included in the ACE survey or for which the applicant worked in a
nonacademic setting. We did this because, on the average. unranked
departments and nonacademic institutions have lower prestige than
ranked departments. For those parts of the analysis in which we were
able to delete cases with missing data, we compared the results using
deletion with those using a low score for missing data. In all cases the
results were substantively similar.

Measuring ranks of academic departments was relatively difficult in
geophysics and meteorology. The subject closest to geophysics in-
cluded in the ACE survey was geology, and meteorology was not
included at all. For those two fields we sent questionnaires {0 members
of the National Academy of Sciences and asked them to rate all the
departments for which we needed information. We received usable
responses from 13 geophysicists and 9 meteorologists. For these two
programs, rank of Ph.ID. department was obtained from scores com-
puted from these questionnaires.

e Type of present institution (this was coded dichotomously as a
Ph.D.-granting institution or all other institutions).”

e Rank of current academic department (for those teaching in
Ph.D.-granting institutions we used the 1969 Ack rankings). This vari-
able was coded the same as rank of Ph.D. department. For those parts
of the analysis in which we could not use pair deletion, we assigned all
missing cases, scientists in unranked institutions, and scientists In
nonacademic institutions the lowest possible score. This is based upon
the assumption that most of these scientists were employed at institu-
tions with lower prestige than acg-ranked graduate departments.

Scores of geophysicists and meteorologists were determined from the
questionnaires returned by Nas members.

¢ Academic rank (coded as follows: 1 = researcher; 2 = postdoc-
toral; 3 = instructor, lecturer; 4 = assistant professor; 5 = associate

professor; 6 = full professor).
o Amount of money applied for in first year of grant.
e Number of single-authored papers published between 1965 and

1At first we coded the principal investigators as coming from Ph.D.-granting institutions,
other academic institutions, government agencies, private industry, foundation or other
private research institutes, and other institutions. It wrned out that there were so few
scientists in each of the categories other than Ph.D.-granting institutions that the basic
distinction was simply whether ot pot the scientist worked at a Ph.D.-granting or some
other institution. Therefore, we decided to dichotomize this variable.
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1974 (obtained from the source index of the Science Citation Index,
1965-1974).2

® Number of first-authored papers published between 1965 and 1974
(obtained from the source index, scr).

& Number of second-authored papers published between 1965 and
1974 (obtained from the source index, ScI).

® Total number of papers published between 1965 and 1974 (the sum
of variables 9-11). For the analysis we used a log transformation to the
base 10. For anthropology and economics we used a log transformation
of the productivity index.

® Number of citations in 1974 to work published between 1970 and
1974 (obtained from 1974 scr).*

¢ Citations in 1974 to work published between 1965 and 1969 (ob-
tained from 1974 scr).
¢ Number of citations in 1974 to papers on which the author was not
first author published between 1965 and 1974 (obtained from 1974 sc1).
¢ Total number of citations to work published between 1965 and
1974 (the sum of variables 13-15). We used a log transformation to the
base 10. Citation data for anthropology and economics do not include
citations to papers on which the author was not first author.
¢ Citations in 1974 to work published prior to 1965 (obtained from
1974 sc1). We used a log transformation to the base 10.
¢ Number of years between 1970 and 1974 in which the principal
investigator has received funds from the NsF.
# Rating given the application by the program director.
® Ratings given the application by each mail reviewer and by each
panel member, where such data were recorded.
¢ Type of institution at which each reviewer was located.
® Prestige of the reviewer's department for those reviewers at
Ph.D.-granting institutions.
® Geographical locations of reviewer and applicant.
¢ Decision: accept = 2, decline = |.

Data were set up on two different files for each program. On one file
the applicant was the unit of analysis; on the other the unit of analysis

#For anthropology and economics the publication data were obtained not from the source
index of the Social Science Citation Index , since this goes back only to 1972, but from cur-
ricula vitae contained in the grant jacket. For these two fields we used a productivity index.
We classified publications into one of the following weighted categories: books weighted
10; edited books weighted 4; profesional articles weighted 2; chapters in books weighted
2; applied articles and reports weighted 1.

Citations for anthropologists and economists were obtained from the 1974 volume of the
Social Science Citation Index.
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was the pair of applicant and mail reviewer. The latter file was used In
sections 2 and 3 and the former in section 3.

METHODS®

We have used probit regression analysis to .aw& with EM EOHMM”H
raised by using the dichotomous variable, decision, as our depe
riable.
<m1_,_._oonmmom=<. and in an ideal world, ail unomom.m_w mo..__%m”u,ma Mﬂmﬂm
i t. and that ordering 18 W
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i i the real world, even i tha
like to be able to predict. But n . fing
i i i sense irrelevant, for at some p
were possible, it would be in some ome pow
i t be made between propo
on the continuum, a break mus bet 1 o o
Indeed, it is this funded-re
funded and those to be refused.
dichotomy (decision) that we have frequently used as our dependent
iable. .
48%03_% however, we must conceive of the funded _unouom&—m as
ranging m,mu:_ excellent to barely fundable and the _.w?won wmow_wwm ,m hw
i i ble to clearly rejectable.
ngine down from practically fundal . ‘ |
%mmgmno: between an unobserved continuum of possible ratings m:%
the observed dichotomous variable (decision) was formally ::.“omﬂ "
rated in the probit regression models that were fit to the data 1n
study, as discussed below. . Ly
Fu\oama to specify the probit model, first _sqoacnw Y.Y, _ , wammm
independent random variables that can assume arbitrary real val Mﬁrm
The random variable ¥;is an unobservable rating for the ﬂ“avoww%a Ihe
i ’ isi ing. It is not the same as the revi
rogram director’s decision making. : ame. ve
wwmwwm but is the variable in the program a:.owﬁo,‘ ] B:.M_n, hcﬂm“;wﬂwm
i i i a nume
information he has about j in terms O er
MMQBE% whether the grant is above or below the critical nEo_w. <&MM
that is called p, below. Next let Z,, Zo, s Za be the observ

decisions defined by the rule

0 if jth proposal is refused
Zs= A 1 if jth proposal is funded

Z. Zy -+, Z, are defined in terms of Yy, Yy, -+, ¥, according to

sprofessor Burton Singer, Department of Zmﬁnﬂmﬁn& mﬁawﬁﬁw ' Oo_m...ﬂ_s_uhw MMMMMWH,

and Professor Judith Tanur, Department of woﬁ&owf mm.mﬁ M.Zm_. i m.: o aog:nmm
Brook, worked on this description of nqoc.: m:ma..m_.m. m._”o ess0r Singer p

wmsnwﬁrmawrom_ description of the probit statistics used in this report.
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4= AH it Y, = pu,

where 4, is an unobserved cutoff level at which a proposal is either
funded or refused. (We can set m1 = 0 without loss of generality in the
present study.)

Now introduce the linear regression model

"
Y= % BX,+ u;

i=1

where X, = 1, X,; = value of ith independent variable for jth proposal
(principal investigator). For the Jth individual, the X,; reprecent the
values of different variables such as reviewer rating; citation index,
rank of university. The Ui, Uy, -, u, are independent, normally
distributed random variables with E@;} =0, Var (u) =1, 1 =j = n;
and 8, B,, ---, By are coefficients to be estimated. In terms of this
specification we can write the probability of being refused or funded as

.
Prob (jth proposal is refused) = Prob Z,=0)=0 Aj 5 F..Nc.v W
i=4

where
Hm.lsuﬁ
Pxy=]-—_dw
l% N 2ar
and

N
Prob (jth proposal is funded) = Prob (Z i=h=1-9 AI ¥ BX cv
i=¢

The nature of the linearity assumption (Eq. (1)) and the normality
assumption for the error terms u, as well as the question of whether it
holds strictly (sometimes, even approximately), and our reasons for
using the probit model, are discussed in section 5, page 110.

The coefficients 8,, ---, Br were estimated by maximum like-
lihood—maximizing the likelihood function

NPNT Ty N:Tmc, L B
" E 1-Z; I z;
= [l GAI 2 FN&& T - GA.: 2 mm\ﬂa&
i=1 i=9 i=0

using the computer program NPROBIT of McKelvey and Zavoina (1975).
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% Hv
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department variables we assigned all cases with “missing”” data a low
s¢oTe.

Decision is, of course, a dichotomous dependent variable. And it
was specifically for use with this dependent variable that probit was
chosen. Nonetheless, it is possible to compare what the resuits would
have been had we used regular regression analysis with those obtained
from the probit analysis. A comparison is presented in Table B-4. The
first two columns show the proportion of variance in decision eXx-
plained by the nine characteristics of the applicants in each of the 10
programs, using both probit technigues and ordinary linear regression
techniques.

As can be clearly seen from these statistics, the probit estimates are
consistently higher than are the regression estimates. McKelvey and
Zavoina have pointed out that the probit estimates may be too large.
However, we would also expect the probit R* to be larger than the R*
for regression analysis with a dichotomous dependent variable {some
value less than 1), provided the normality assumption is better than the
assumption that @ can be replaced by a linear function over the domain

of values of
M i “wu.»N.d.

Although the size of the R? estimated by probit procedures and the
proportion of variance explained by regression procedures differ, the
relative magnitude of the results in the 10 different programs is approx-
imately the same. For example, when probit is used, we find the

TABLE B4 Variance on Funding Decision Explained by Characteristics of
Principal Investigators and Ratings of Reviewers—Comparison of Probit
Analysis and Regression Analysis

Rr?
R? Mean Rating of Reviewers R?
Individual Variables (and Papels Where They End) All Variables
Program Probit Regression Probit Regression Probit  Regression
Algebra 0.34 0.24 0.76 048 0.84 0.53
Anthropology 0.17 011 0.83 0.55 0.86 0.5%
Biochemistry 0.51 0.33 .86 0.57 0.86 0.62
Chemical Dynamics 0.39 0.24 0.92 0.54 0.96 0.60
Ecology 0.40 0.28 0.77 0.40 0.86 0.48
Economics 0.39 0.27 0.78 0.53 0.83 060
Fluid Mechanics 037 0.20 0.58 0.38 0.71 0.45
Geophysics 0.36 0,23 049 0.30 0.70 044
Meteorology 0.24 017 092 0.55 0.94 0.57
Solid-State Physics 0.70 0.48 0.70 0.47 0.91 0.61
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smallest proportion of variance explained by the nine individual vari-
ables in the program of anthropology and the largest proportion ex-
plained in solid-state physics. Exactly the same results are obtained
when we use regular regression analysis. In the second column of
Table B-4 we compare the estimated proportion of variance explained
by the ratings of reviewers (and panel members where panels were
used), using probit techniques and using regression techniques. Once
again we find that the probit estimates are considerably higher than the
regression estimates. In fact, the higher the correlation is in regression
analysis, the greater the difference seems to be between the results
from the regression analysis and those from the probit analysis. Sub-
stantively, the important part of Table B-4 is the last column, which
shows how much additional variance is explained by the nine charac-
teristics of the applicants when we add them to an equation ¢containing
the mean rating of the proposal. In algebra, for exampie, all nine
variables and the mean rating explain 84 percent of the variance, using
probit, where the mean rating alone explains 76 percent, using probit.
Thus, the nine applicant characteristics increase the amount of vari-
ance explained by 8 points. Using regular regression techniques, we
find that the increase in the amount of variance explained when the
nine individual variables are added into the regression equation is 5
points. In general, whether we use the probit analysis or the regression
analysis, the nine applicant characteristics add relatively little variance
to the explained variance after mean ratings are entered into the
equation.

Thus, we may conclude that both analytic techniques would lead to a
similar conclusion, that is, that under the linearity assumption (Eq.
(1)), mean reviewer rating of all the variables for which measurements
are available is the most significant single determinant of whether or
not a grant is made and that among the variables for which we have
measurements, the nine characteristics of applicants do not add sub-
stantially to the predictability of whether or not a grant will be made.

The probit procedure we used is also useful for analyzing variables
with a restricted range, such as reviewer ratings. (It was unnecessary
to perform a separate Tobit analysis on the data.) Although conceptu-
ally the proposals could be ranked from *‘most meritorious’ to ‘‘least
meritorious,”’ in fact the great majority of funded proposals are rated as
“excellent™ (1), “‘very good™ (2), or *‘good”’ (3). This means that there
is a problem of making the dependent variable discrete.

Our probit treatment of ratings of proposals was analogous to that for
decisions. In particular we assume a continnum of unobserved possible
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B B' C mpal‘i n f R Sul ill I 1 1' 1 v I =
tS U i

All Nine Independent

Variables

NSF Funding History

Rank of Current Depariment

Citations to Recent Work

Rggression

R

Probit R?
0.19
0.05
0.25

Regression

R2

Probit R?

0.06
0.00
0.07

Regression

Rz

Probit R*
0.07
0.00
0.09

Regression

R2

Probit R?
0.09
0.01
0.19

Program
Algebra

0.17

0.05

0.07

0.06
0.00
0.16

6.04
0.20
0.16
0.06
0.21
0.17
0.09
0.14
0.17

Anthropology
Biochemistry

18

0.07
0.02
0.02
013
0.10
0.03
0.05
0.08

0.06
0.05
0.62
0.08
0.01
0.01
0.02
0.06

=]

Q.18
0.05
0.23
0.20
0.10
0.15
0.19

0.06
0.02
0.09
0.01
0.01
0.02
0.07

0.03
0.02
0.14
0.12
0.03
0.06
0.09

0.14
0.01
0.08
0.03
0.07
0.08
0.08

0.15
0.01
0.19
0.03
0.08
0.09
0.08

Chemical Dynamics

Ecology

Economics

Fluid Mechanics
Geophysics

Meteorology

Solid-State Physics

a N P
Relationship is negative.
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and the regression coefficients Bo

The cutoff points pa, Ha Me
see McKelvey and Zavoina,

B, * By were estimated using NPROBIT {
1975) to maximize the likelihood function

L QN;:P, co, Bis s My )

i o § o £

With the estimates 8o, 81, " * By at hand, the goodness of fit of the
regression model is assessed by the same procedure as described for
the case when decision was the dependent variable. The increased
complexity of this case, compared with the earlier one involving only
one response, mMeans that the limitations of the R? estimates are
probably now greater.
In Table B-5 we compare the results of a probit analysis with those of
a regression analysis when the dependent variable was rafing. Table
B-5 shows the proportion of variance explained by citations to recent
work, by rank of current department, by the NSF funding history of the
applicant, and by the nine variables we have used to characterize
applicants. The table presents the results of a total of 40 ordinary
Jeast-squares regressions and 40 probit regression equations. As can be
seen by this comparison, there is no great systematic difference
between the results of the two procedures. In all cases the probit
results are either exactly the samc as the regression results or slightly
higher. (Sec earlier comments about this.) Comparison of the amount
of variance explained by the sum of the nine variables produces re-
markably similar results. For example, in algebra the probit analysis
explained 19 percent of the variance on ratings using the nine variables
characterizing applicants, and the regression analysis explained 17
percent of the variance on ratings. Because the two methods yielded
essentially identical results and the same substantive conclusions, we
have used the regression technique, which is simpler and more widely
understood. (For discussion of probit analysis and its uses, see page 110,

section 5.)

Ty,
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