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ABSTRACT: A study was conducted to compare the “productivity” of a cohort of research grant applic
selected by peer review to be scholars of The Leukemia Society of America (now The Leukemia & Lympl
Society) with a matched cohort of applicants not so selected during the period 1981 to 1990. One hundr
twenty-four scholars and 124 nonfunded applicants were studied. Two bibliometric variables and their deriv
were examined from the Institute of Scientific Information database: the number of papers published al
number of citations to those papers. Published papers were measured through December 31, 1999, and
counts to these papers through December 31, 2000. Scholars published 10,301 papers through the p
observation and nonfunded applicants published 6442 papers. Scholars’ papers were cited 419,798 times,
nonfunded applicants’ papers were cited 245,586 times. The mean citations per paper were 52 for scholars
for nonfunded applicants. The papers published per scholar, citations per scholar, and citations per pa
scholar were significantly greater than the corresponding measures for nonfunded ap@ica@®9001 in each
case). Scholar’s papers were cited 30% more often, whereas nonfunded applicants were cited 10% more fre
than a comparison group of scientists publishing in the same journal in the same year. High-impact paper
papers that were cited more than 200 times, were nearly three times as frequent among scholars (494 pa
among nonfunded applicants (173 papers). This difference was highly significant. The good (better than ba
performance of nonfunded applicants may be a reflection of self-selection among the applicant pool fc
competitive award; the more productive performance of the scholars is probably the result of the sel
decisions made during the peer-review process2001 Elsevier Science

Key Words:peer review; research productivity; citation impact; career development.

INTRODUCTION reach fruition. Several research sponsors such
government, industry, and private philanthropie

Organizations that sponsor biomedical re- may fund the research either simultaneously
search have few quantitative methods for analyz-sequentially. The total number of published pe
ing the results of their investment (1). In the case pers resulting from a sponsored research progre
of voluntary health agencies, lay board members,can be enormous and determining their impact
many of whom are familiar with business models, difficult. Achievements like patents and license
sometimes ask for appraisals of “productivity” of new drugs or products are relatively infrequer
resulting from the research investment. The issuesand may be impossible to link precisely, retro
in arriving at a measure of productivity for this spectively, to some of the basic concepts fror
purpose are numerous and complex. The result ofwhich they were spawned. The ferreting out of th
an investment often takes years or decades taelative contribution of one or another pape
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among many that by accretion may lead to aety’s Medical and Scientific Committee from
discovery is very challenging and time consuming. 1981 to 1990 was identified in the Society’
In an effort to examine the results of the grant grantee database. A comparison group of an eqt
funding program of The Leukemia & Lymphoma number of individuals in each year was selected
Society, we identified the published papers of arandom from those applicants who were nc
cohort of individuals who were selected to receive awarded a scholar grant. The nonfunded app
a scholar award and compared their research paeants in 1 year (1987) could not be recovere
per output and the impact of these papers asfrom the archives of the Society, so that numbe
judged by their citations to those of a matched of nonfunded applicants was added from the pric
group of applicants who were not selected for a (1986) and from the succeeding (1988) year t
scholar award. The Leukemia & Lymphoma So- equalize the number of study subjects and the
ciety is a voluntary health agency that has fundedpotential years of productivity in each group. A
research on the diagnosis and treatment of leukevery small number of nonfunded applicants wer
mia, lymphoma, and myeloma for over 45 years. replaced by substitute choices because they we
The scholar program is only one of several awarded a scholar grant at a later date during tl
Society-sponsored research programs. Using theperiod of the study. The year 1981 was selected
scholar program had several advantages in thisthe starting date because that is the beginning ye
study. First, these applicants must have reachedf the analytical in-house version of ISI’s citatior
early research career independence at the time oflatabase, which was used for this study. T
review. Thus, most applicants are very likely to 10-year period chosen left a minimum of 9 year
have had continued research activities whetherof observation of papers published after the la
they received a scholar award or not. The selec-set of scholars was chosen in 1990.
tion of a scholar is largely related to the potential
of the recipient and a prediction of his or her ldentification of Published Papers
future productivity. Fellow and special fellow
awards, which are also a part of the Career De-  The surname and the first initial or the firs
velopment Program, result in large measure fromand middle initial of the 248 subjects was
the standing of the senior scientist—-mentor in searched in the ISI database of published pape
whose laboratory the fellow works and the short- from January 1, 1981, to December 31, 1999. Tt
term productivity is a shared outcome. Also, the ISI database contains several varieties of artic
scholar has a record of early achievement duringtypes including abstracts. This analysis was pe
research fellowship and the first years of indepen-formed using articles, reviews, notes, and pape
dent work, which makes judgements more tangi- published in proceedings issues of journals. At
ble than in the case of selection of fellows. stracts were excluded from analysis. Notes a
To use quantitative variables that could be re- short papers but have not been segregated frc
covered from an electronic database, we chose twaarticles in the ISI database since 1996. The pape
measures available from publication and citation were retrieved and examined in chronological s
databases of the Institute for Scientific Information quence and false matches (papers by other auth
(ISI): number of papers published and the number of of the same name) could be eliminated. The tot
citations to those papers (2). We used these data andumber of relevant papers authored or coauthor
their derivatives to compare the scientific publica- by the 248 subjects over the 19-year period wzs
tions of the scholars to the nonfunded applicants. 16,743.

METHODS Citation of Published Papers

Study Population o _ _ _
The number of citations in the final list of

A total of 124 scholars selected consecutively papers was obtained for each paper. The citatio
by the Grant Review Subcommittee of the Soci- were then summarized for individuals in the stud
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and compared between the two groups: scholars TABLE 2

and nonfunded applicants. A measure of “comp-
ere group” citation frequency was made also. The

Distribution of Reports Analyzed

) . . Nonfunded
latter estimate of relative performance (a baseline) Scholars applicants
was made by measuring the average citation fre-
quency of papers of a similar type (e.g., article, No. % No. %
note, review, or proceeding), in the same journal, aricles 8,726 85 5467 85
and in the same year as those published by scholNotes 572 5 326 5
ars or nonfunded applicants. ISI refers to this Proceedings 518 5 363 6

« C " Reviews 485 5 286 4
measure as the “expected citation frequency.
Total 10,301 100 6442 100

Statistical Methods

Data files were created for each scholar andPaPer: articles, short articles or notes, review

nonfunded applicant giving the total number of and articles in proceedings (Table 2). ()SChOla'
papers and the total number of citations for each@nd nonfunded applicants had 96 and 93% of the

member of each group. The mean number of PaPers cited, respectively. Since the number
papers, the mean number of citations per paperPaPers published by scholars was greater, it w
and the cumulative frequency distributions of pa- llttle surprise that they were cited as a group mol
pers per study subject as well as citations perthan twice as often as the nonfunded applican
paper per study subject were generated. Wherd Table 3). However, the mean number of pape
applicable, means, standard deviations, standardublished per scholar, the mean number of cit;
errors, and medians were calculated. Log trans-tiONS per scholar, and the mean number of cit

formation of data was used to reduce skewnesdliONS per paper per scholar were each significant
sufficiently to use a parametric statistical test, the 9réater than those of nonfunded applicants (Tak

two-samplet test. The Wilcoxon test was also 4). In this analysis, the total number of papers ar

used to compare the distributions of relevant vari- Citations were greater than shown in Table 1 bf
ables between scholars and nonfunded applicantsc@use the analysis required that a paper coz
One nonfunded applicant was omitted from the thored by more than one scholar or more than ol

calculations because no published papers could b&onfunded applicant be fully credited to each in
found for that individual. dividual in the analysis of papers or citations pe

subject. Four-point-six (4.6) percent of papers ar
4.8% of citations had scholars as coauthors al
0.9% of papers and 1.0% of citations had nor

Table 1 indicates that the scholars as a grouIofunded applicants as coauthors. This greater c

published 3859 more papers during the period of laboration among scholars may be the.result of tf
study, 60% more than did nonfunded applicants. Presence of several scholars at certain large ce
This difference was present for each category of C€f centers.

RESULTS

TABLE 3

TABLE 1 Aggregate Citations to Papers Published by Scholars and
Aggregate Publication Record of Scholars and Nonfunded Nonfunded Applicants (1981-1990)

Applicants (1981-1990)

Nonfunded
Nonfunded Scholars applicant8
Scholars applicants (N = 124) (N = 123)
(N = 124) (N = 124)
Number of citations 536,283 245,586
Number of publicatiors 10,301 6,442 Percentage of papers cited 95.9 93.5

2 Articles, notes, proceedings, reviews.
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TABLE 4

Comparison of Published Papers and Citations of Papers: Scholars and Nonfunded Applicants

Nonfunded applicants

Scholars N = 124) (N = 123) t tesf P value
Number of papers/subject 87 + 69 (64) 53+ 59 (38) <0.0001
Number of citations/subject 4534+ 4584 (2902) 2017+ 2809 (1015) <0.0001
Mean number of citations/paper/subject 48 = 25 (44) 34+ 23 (29) <0.0001
Number of papers with>200 citations/subjett 42+6.1 1.4+ 35 <0.0001

Note.Data are means standard deviation. Median value is in parentheses.

2 0ne nonfunded applicant had no published papers during the period of study.

®In the aggregate, scholars published 494 (4.8% of all papers) and nonfunded applicants published 173 papers (2.7% of all pay
were cited more than 200 times.

°t tests were applied to log-transformed data to reduce the effect of skewness.

The frequency distribution of papers per study paper was greater for scholars than nonfunds
subject and citations per paper per study subjectapplicants at all citation rates. Notably, paper
are shown in Figs. 1-3. The citation frequency per that were cited more than 200 times were near
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FIG. 1. The cumulative frequency distributions of published papers per study subject for scholars and nonf
applicants. The number of papeis)(is 4.6 and 1.0% greater for scholars and nonfunded applicants than the total numb
papers shown in Table 1. More than one scholar or nonfunded applicant coauthored some papers. In this ana
productivity per subject, jointly authored papers were credited to each study subject involved. The two curves are signif
different (P < 0.0001) by the Wilcoxon test.
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FIG. 2. The cumulative frequency distribution of citations per study subject for scholars and nonfunded applicant:
number of total citationsl) is 4.8 and 1.0% greater for scholars and nonfunded applicants than shown in Table 3. More
one scholar or nonfunded applicant coauthored some papers. In this analysis the citations to the jointly authored papt
credited to each author in the study group. The two curves are significantly différent0(0001) by the Wilcoxon test.

three times as frequent among scholars as a groupion adjustment over this period. Using these e
(494) than nonfunded applicants as a group (173).penses, the direct cost to the Society was $830 |

The scholars had a markedly increased num-scholar publication. In addition, one can estimat
ber of citations to their papers than a comperethe Society’s ancillary cost of maintaining a spon
group of scientists publishing papers in the samesored research program. The cost of administr
journal at the same time. Scholars were cited 30%tion, fund raising, the grant processing and revie:
more frequently than papers by a compere groupprocess, staff and office space is about 25%
of authors. The papers of nonfunded applicantstotal expenses bringing the cost of a scholar
were cited 10% more frequently than papers by apublished paper to about $1100 each. It should |
compere group of authors (Table 5). noted that the papers include those published aff

The cost to the Society of providing a stipend the Society’s support ended but in terms of th
to the 124 scholars, each for 5 years, totaledSociety’'s mission such subsequent accomplis
$8,550,000 over the 14 years of support (stipendments count. The total research cost of each pape
ranged from $125,000 to $200,000 per 5 years ofunknown since it would include institutional cost:
award from 1981 to 1994). The periodic increase and costs expended by other sponsors of the
in stipend, although not precisely linked to the search, notably the Federal government. It can |
biomedical price index, represents a partial infla- estimated that this total, even restricted to the sar
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FIG. 3. The cumulative frequency distributions of citations per paper per study subject. The two curves are signifi
different (P < 0.0001) by the Wilcoxon test.

5-year period of Society’s sponsorship, would be should be an investment in and conduct of rele
between 10- and 20-fold the Society’s investment. vant scientific research, the process by which lin
ited funds are invested is subject to question. |

DISCUSSION occasional instances, where an opportunity of si
gular focus exists, a voluntary health organizatio

Although most interested parties agree that themay use a czar to drive fund raising and inves
basis of the effort to prevent or cure disease ment for one major treatment objective. This wa

TABLE 5

Relationship of the Citations of a Compere Group to the Citations of Scholars and Nonfunded Applicants

Scholars’ citations minus Ratio of scholars’ to comperes’
Scholars’ citations Compere’s citations comperes’ citations citations
536,283 419,798 116,585 1.3

Nonfunded applicants’ citations  Ratio of nonfunded applicants’ to
Nonfunded applicants’ citations Compere’s citations minus comperes’ citations comperes’ citations

245,586 222,991 23,595 11

Note.Citations of the compere group represent the averages of all papers matched for article type, journal, and year of publication
paper published by the scholars or of the nonfunded applicants.
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the case when Basil O’Connor led the National we know.” Compensating for these limitations i
Foundation for Infantile Paralysis (March of the enormous breadth and diversity of the worlc
Dimes) and provided support of Jonas Salk’s wide network of biomedical science, the custorr
work to develop and field-test a polio vaccine. ary wholesome motives of peer review, the face
With the success of such an initiative, the justifi- to-face discussions that help resolve potenti
cation of that investment is indisputable in retro- disagreement, the influence of more farsighte
spect. The singular path to preventing an infection peer-review group members who insist on “takin:
by a small and closely related family of viruses a chance,” the willingness of investigators to ex
that displayed stable antigenic features made theplore improbable pathways in any case, and tt
risk of putting all one’s eggs in one basket ac- continuing introduction to the mix of new young
ceptable. In the case of The Leukemia & Lym- investigators and reviewers less encumbered wi
phoma Society, the diseases of concern resultpreconceptions.
from somatic mutations that involve dozens and  The program’s productivity, as judged by
probably hundreds of protooncogenes and resultpublished paper and the impact of those papers
in cancers with widely different biochemical and judged by the frequency of their citation amon
antigenic targets for therapy. With dozens andthe 124 scientists selected as scholars betwe
perhaps hundreds of neoplastic genotypes andl981 and 1990, was significantly greater than th
phenotypes, a singular attack is not rational. of a group of 124 nonfunded applicants. There a
In such a setting, it is widely accepted that the several inferences that one can derive from the
best way to determine the investment of a healthdifferences. The first is that the peer-review prc
agency’s funds among competing requests is tocess resulted in a selective enrichment of produ
have a group of independent experts in the fieldtive scientists. The applicant pool probably had a
make a consensus decision on the portfolio to beimportant element of self-selection. Persons wit
supported, i.e., the peer-review process. Virtually strong early career research records are mc
every reputable public and private funding agency likely to apply for the scholar award and thus
uses expert scientific panels to assign priority to applicants not selected would be expected to ha
competing requests for funding. These two prin- continued research productivity. This is evider
ciples—investment in biomedical research andfrom the good publication record and citatior
use of a peer-review model to make discriminat- frequency of the nonfunded applicants and the
ing decisions regarding the research to be supportsomewhat better than expected citation frequen
ed—are the bedrock of the effort by health agen- as measured against a compere group. In additic
cies in the United States to ameliorate the effectsa small proportion of scholar applicants does n
of disease. receive awards because they are too advancec
The peer-review process is imperfect becausetheir career. These nonfunded applicants wou
perfection depends on forecasting the outcome ofalso increase the productivity of the nonfunde
complex projects, determining the most direct comparison group.
route to a clinically applicable innovation, and Although there are no unambiguous quantite
foreseeing an unexpected discovery. The sardonidive measures of research quality in the biomed
descriptions by Nobel Prize laureates of the rejec-cal sciences, citation frequency has some pows
tion of their initial paper describing the seminal Publication in a peer-reviewed journal is a mini
ideas that ultimately led to the Prize is testimony mal criterion as an index of quality and this cri-
to the limitations of peer review, at least for terion varies by the quality of journal as judged b
journal article reviews. The peer-review process the standards set by and the competition for pu
may be generally less inclined to fund ideas that lication in that journal.
are outside current paradigms or at the edge of the  An alternative interpretation of the findings is
capability of current technologies. This last reser- that the scholar award provided resources th
vation suggests that the review process is influ-resulted in or substantially contributed to the re
enced by the radiologist’'s aphorism: “we see what search productivity of selected applicants. W
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have no way of assessing that possibility. The  We conclude that it is probable that selectio
productivity of nonfunded applicants suggests through the peer-review process resulted in
that they garnered continued research support durmore productive cohort of scientists funded by th
ing the period of study although the proportion Society than would have been achieved by ral
with sustained careers may have been smallerdom selection. By linking its scholar award to the
Moreover, the scholar award is for salary support requirement to have additional funding for re
(often partial) and requires other research grantsearch costs, the Society contributes to an en
funding to pay for additional research costs. mous amount of published results of high impac
Several treatises have explored the relation-at a very low investment, a necessity for a volur
ship of number of published papers and their tary health agency dependent on annual donatia
citation record to research accomplishment (3—6).to fund its programs.
Publication rate does predict scientific impact al-
though that correlation explains perhaps about 35
to 50% of the relationship (4). Highly honored ACKNOWLEDGMENTS
scientists are more likely to have higher publica-
tion and citation rates than others are. However,  The authors acknowledge Joanne M. Janciuras f
some scientists have low publication rates and her assistance in statistical analysis and Susan M. Dal
high citation rates. In judging individuals, the for r_ler assistance in the prepa_ration of the mgnuscri[
possible combinations of high and low publica- P2vid A Pendiebury at the Institute for Scientific Infor-
- . L mation provided invaluable assistance in the identific
tion rates and high and low citation rates are . o .

. . .._tion of relevant papers and citations and provided them
relevant. SC'entl_SFS h_ave been_ ca_tegorlzed_ Intothe form of a database for statistical analysis. He als
f_our groups:_prollflc (higher p_ubll_catlon a”‘?' C'_ta' reviewed and made suggestions in regard to the mar
tion rate), silent (lower publication and citation geyipt.
rate), mass producers (higher publication rate and
lower citation rate), and perfectionists (lower pub-
lication rate and higher citation rate) (3).

In this study, we were less interested in indi-
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