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In May 1989 the First International Con-
gress on Peer Review in Biomedical Publi-
cation was held in Chicago, Illinois. The ti-
tle of the three-day congress, sponsored by
the American Medical Association, was
**Guarding the Guardians: Research on Peer
Review.’’! Examining peer review from
many viewpoints, the conference discussions
included the history, evolution, and current
status of the peer-review process, the exis-
tence of publication bias, and the accuracy
of quotations and references. Not surpris-
ingly, given the media attention the issue has
received, scientific fraud was one of the ma-
jor topics at the congress.

I was invited to participate in the confer-
ence by Drummond Rennie, deputy editor
(west), JAMA, the Journal of the American
Medical Association. Drummond knew of
ISI® s preliminary analysis of citations to
the work of John R. Darsee, then a research-
er at the Harvard Medical School Cardiac
Research Laboratory, Boston, Massachu-
setts. Darsee was caught fabricating data at
the laboratory in 1981 in an animal experi-
ment involving radioactive tracers and heart
tissue.2 Drummond suggested we perform
a similar analysis on the work of Stephen
E. Breuning, then a psychologist at the Uni-
versity of Pittsburgh, Pennsylvania, the first
researcher to be tried and convicted of
fraud.3.4 The Breuning case is especially
interesting to clinicians because it involved
research on patients and influenced at least
one state’s policies on care for the mentally
retarded.

Scientific fraudS-7 and peer review? have
been discussed extensively in Current Con-

tents® . Drummond’s invitation gave me an
opportunity to pursue a basic question that
has interested me for some time: What im-
pact does published fraudulent work have
on other investigators who use the literature?
Have they been led astray by fictitious data,
wasting their time and resources pursuing
false leads? Or have they realized, even be-
fore the fraud is exposed, that the published
data were suspect and avoided citing them?

In the Breuning case, at least, my col-
league Alfred Welljams-Dorof and I found
some interesting results. For example, of the
20 Breuning publications examined, 11 re-
ceived at least 10 citations. Judging by to-
tal citations alone, one might conclude that
Breuning’s work had high impact—only 7
percent of the 30 million cited items in the
1955-1987 Science Citation Index® (SCI®)
files were cited 10 or more times. Howev-
er, further analysis of these citations dimin-
ishes the putative impact of Breuning’s re-
search: 40 percent were self-citations and
about 33 percent of non-self-citations dis-
agreed with Breuning’s findings and/or
methods. Also, after Breuning’s fraud was
exposed in 1986, citations to his work de-
clined sharply—indicating that researchers
seem to shun work that is known or even
suspected to be falsified. These and other
results were presented at the peer-review
congress and published in a special JAMA
issue (March 9, 1990) that carries reports
from the conference.? The article is reprint-
ed here.10

Of course, a single case study on a spe-
cialized topic cannot completely answer all
the questions raised by the issue of scientif-
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ic fraud and its impact on the literature. For
example, what happens to the legitimate re-
search of an author who is exposed for hav-
ing published fraudulent work? Do other re-
searchers shun only the fraudulent papers
or are all of the author’s papers stigmatized?
If this *“stigma effect’” is documented by ci-
tation analysis, does it also extend to coau-
thors of fraudulent work who were unaware
that falsified results were being reported?
Is their independent work stigmatized as
well? It would be a complicated and difficult
task to test these ideas, but it would be worth
the effort and might make an excellent thesis
topic for information-science scholars.
As the debate on scientific fraud contin-
ues, a point made in the following reprint
should be remembered: citation indexes can
be used to help ensure that fraudulent or er-
roneous research results are not relied upon
in ignorance of relevant corrections or re-
tractions. In the SCT all correction notes are
indexed—most of these are the usual “‘er--

rata,”’ but some are also formal retractions.
In addition to correction notes, other signifi-
cant publications—that is, research articles
and reviews, editorials, letters to the edi-
tor—may also contain important caveats
about previously published work. If re-
searchers, editors, and reviewers used cita-
tion indexes routinely to check references,
papers containing erroneous, obsolete, or
falsified data would be more easily identi-
fied, thereby preventing or at least limiting
their use. Editors can easily make such rou-
tine checks in a cost-effective manner by us-
ing the compact-disc edition of the SCI,
which now covers the literature from 1980
onwards. !!

* %k ¥k k *k

My thanks to Peter Pesavento for his help
in the preparation of this essay.
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The goal of this study was to determine the research impact of scientific fraud through citation analysis of 20 Breun-
ing publications, using the 1980 to 1988 Science Citation Index® and Social Sciences Citation Index® . These publi-
cations received 200 citations, of which 80 (40.0%) were self-citations by Breuning or his coauthors. Tracked over
time, non-self-citations declined sharply in 1986 and later years, coinciding with disclosure of Breuning's fraud.
The data indicated that, in this case, researchers effectively shunned work known to be or even suspected of being
falsified. Unique citation contexts (101) were examined to see how citing authors used Breuning’s work: 33 were
negative (disagreed with findings/methods), 10 positive (agreed), and 58 neutral (no valuation). Also, 63 were
inconsequential (no influence on the citing author’s analysis/conclusion). Thirty-eight were material, but 21 of these
led to negative conclusions. These data diminish the apparent impact of Breuning's work suggested by total cita-

tions alone.

JOURNAL editors are currently debating what,
if anything, they can and should do to deal effec-
tively with falsified research that escapes the tra-
ditional quality-control filter of peer review. One
proposal would involve conducting data audits of
submitted papers to prevent publication of fraud-
ulent work.!-* For clinical research, data audits
may be a relatively straightforward task. Hospi-
tal records could easily be checked to verify that
patients were indeed studied and protocols were
followed as reported. But data audits of basic bio-
medical research, particularly in newly emerg-
ing specialties, may prove to be a complex and
ambiguous undertaking. It may be difficult, if not
impossible, to find auditors who are willing or
able to make the subtle interpretations of original
data needed to judge whether an author’s analysis
is sound, unwittingly erroneous, or intentionally
fraudulent.

Another proposal would focus on correcting the
scientific record by strengthening existing mech-
anisms that alert researchers to published studies
that subsequently are exposed as fraudulent.57
This would simply involve the prompt and prom-
inent publication of explicit correction or retrac-
tion notices. However, journal editors are reluc-
tant to print retractions or even report the find-
ings of independent investigations because they
fear legal action by discredited authors or their
coauthors. To overcome this obstacle, Congress
is considering new laws that would grant scien-

tific journals immunity to publish retractions in
good faith, regardless of whether all authors of
a discredited study consent to it.

The current debate on scientific fraud continues
to focus on the small but growing number of
studies that report falsified research. Little atten-
tion has been paid to the question of what impact
these studies have on research. That is, how fre-
quently were they cited, and, just as important,
how were they used by citing authors?

The present study is a first effort to answer this
question through a citation analysis of publica-
tions by Stephen E. Breuning, who in 1988 was
prosecuted and convicted in federal court of sci-
entific fraud (New York Times. May 24,
1987:A16).810 Additional citation studies of oth-
er known cases of scientific fraud are needed to
assess systematically their general impact on re-
search. Of course, fraud involving clinical re-
search has potentially profound consequences for
patient care and should be carefully examined by
the medical community.

To summarize briefly the case examined here,
Breuning published a number of studies from 1980
to 1984 on the use of drugs to control hyperac-
tive retarded children while at the Coldwater
(Mich) Regional Center for Developmental
Disabilities and the University of Pittsburgh (Pa).
Purportedly based on hundreds of human subjects,
the studies claimed that stimulant drugs were more
effective and had fewer side effects than tranquil-
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izers, the traditional drug therapy for retarded
children. His findings supported a controversial
theory that less immediate drug intervention, com-
bined with other nondrug treatments, would be
most beneficial. Experts in the field have claimed
that Breuning’s work was influential and even led
some states, notably Connecticut, to change their
policies on treating retarded children. But an in-
vestigation by the National Institute of Mental
Health (NIMH), initiated after a colleague chal-
lenged Breuning’s work, found that he had
‘‘knowingly, willfully, and repeatedly engaged
in misleading and deceptive practices in report-
ing results.’’10 The NIMH report, released in
May 1987, concluded that ‘*None of the described
studies of psychopharmacologic treatment had
been carried out,’” **Only a few of the experimen-
tal subjects...were ever studied,”” and ‘‘The com-
plex designs and rigorous methods reported were
not employed.’’10 The NIMH referred the case
to the US attorney’s office in Maryland for crim-
inal prosecution, and, in September 1988, Breun-
ing pleaded guilty to two counts of making false
statements on federal grant applications. He was
later sentenced to serve 60 days in a halfway
house, 250 hours of community service, and 5§
years of probation.

METHODS

The files of the Science Citation Index® and
Social Sciences Citation Index® from 1980 to
1988 were used to identify 23 cited Breuning pub-
lications. Three of these were deleted from this
study. One was a book he coedited, which was
cited 14 times without reference to specific chap-
ters and pages.!! Another was a book chapter re-
ported to be in press but never subsequently pub-
lished (1 citation). The last was a 1984 methods
article (8 citations) describing a rating scale for
tardive dyskinesia.!2

Citation counts were tabulated for each of the
20 cited articles included in the study. These data
were divided into two categories: self-citations and
non-self-citations. Self-citations refer to citing ar-
ticles that were authored by Breuning or one of
the coauthors of the cited work. The annual dis-
tribution of each category of citations was also
determined.

In addition, a citation context analysis was con-
ducted to determine how citing authors used
Breuning’s work. This involved retrieving com-
plete copies of 65 citing articles (excluding self-
citing papers) and identifying in each text where
the authors cited Breuning's work and how they
referred to it. A total of 183 citation contexts were
identified and categorized.

The first category distinguished between serial
and unique citation contexts. In serial citation con-
texts, Breuning’s work was cited in combination
with publications by other authors. That is, his
work was embedded with that of a group of other
researchers, all reporting similar claims, findings,
statistics, or conclusions. These group citations
were excluded from further analysis, which fo-
cused on the unique citation contexts that referred
only to Breuning studies.

Second, the unique citation contexts were cate-
gorized as positive, negative, or neutral. Positive
citations were defined as references that indicated
agreement with Breuning’s methods, findings, or
conclusions. Negative citations indicated disagree-
ment. Neutral citation contexts made no explicit
valuation of his work but simply stated what he
had reported.

Finally, the unique citation contexts were cate-
gorized as material or inconsequential. Material
citation contexts indicated that Breuning’s work
influenced the interpretation of data and/or the for-
mation of conclusions in a citing author’s article.
Inconsequential citation contexts are those in
which no such influence was observed.

RESULTS

Table 1 lists the 20 Breuning publications in-
cluded in this study, ranked by the number of
times each was cited from 1981 to 1988 in the
Science Citation Index and Social Sciences Cita-
tion Index. Fifteen are journal articles and 5 are
book chapters.

These publications were cited 200 times in 86
articles. Of these, 80 (40.0%) were self-citations
by Breuning or his coauthors and 120 (60.0%)
were non-self-citations.

The Figure presents a graph of the annual dis-
tribution of self-citations and non-self-citations.
Two distinct patterns are obvious. Self-citations
peak rapidly at 39 in 1982, decline noticeably to
14 in 1983, and continue downward thereafter.
This trend results primarily from the decreasing
number of articles by Breuning over time: as he
published less, he had fewer opportunities to cite
himself. For example, in 1981 nine Breuning ar-
ticles were indexed in the Science Citation Index
and Social Sciences Citation Index, in which he
cited himself six times. In 1982, six articles con-
taining 32 self-citations were indexed. In 1983,
three articles with 11 self-citations were indexed.
Two Breuning articles indexed in 1984 contained
2 self-citations, and two in 1985 included 7
self-citations.

Non-self-citations show a more gradual but
steady increase, peaking at 38 in 1985 and declin-
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Table 1.—Cited Publications by Stephen E. Breuning, 1980 Through 1988, in the Science Citation Index® and
Social Sciences Citation Index® .
No. of

Citations Publication

26 Breuning SE, O’Neill MJ, Ferguson DG. Comparison of psychotropic drug, response cost, and
psychotropic drug plus response cost procedures for controlling institutionalized mentally
retarded persons. Appl Res Ment Rerard 1980;1: 253 268. Retracted

25 Breumng SE, Davndson NA Effects of psychotroplc drugs on mtelhgence test performance of
msutuuonahzed mentally retarded adulls Am J Ment Defic. 1981:85:575-579.
18 DaVlS VJ Cullari S, Breuning SE. Dmg use in community foster group homes. In: Breumng SE,

Poling AD, eds. Drugs and Mental Retardation. Springfield, Ill: Charles C Thomas
Publisher; 1982:359-76.

) 15 Breumng SE An applied dose-response curve of lhnondazme wnh lhe mentally relardcd
aggressive, self-stimulatory, intellectual, and workshop behaviors—a preliminary report.
Psychopharmacol Bull. 1982;18:57-59.

“ﬁIS Breuning SE, Davis VI, Matson JL, Ferguson DG. Effects of thondazme and withdrawal
dyskinesias on workshop performance of mentally retarded young adults. Am J Psychiatry.
1982;139:1447-1454. Retracted.

13 Breumng SE, Ferguson DG, Davldson NA, Poling AD. Effects of thxondazme on the mtellectual
performance of mentally retarded drug responders and nonresponders. Arch Gen Psychiatry.
1983,40:309-313.

13 Davis VI, Poling AD, Wysocki T, Brcumng SE. Effects of phenytom withdrawal on matching-to-
sample and workshop performance of mentally retarded persons. J Nerv Menr Dis.
1981;169:718-725.

12 Breuning SE, Ferguson DG, Cullari S. Analysis of single- and double-blind procedures,
maintenance of placebo effects, and drug-induced dyskinesias with mentally retarded persons.
Appl Res Ment Retard. 1980;1:175-192. Retracled

W]Z Breuning SE, Polmg AD. Pharmacotherapy wnh the mentally retarded ln Matson JL, Barrett
RP, eds. Psychopathology of the Mentally Retarded. New York, NY: Grune & Stratton;
1982:195-251.

]2 WySOCkl T, Fuqua W, Davis VJ, Breumng SE. Effects of thioridazine (Mellanl) on titrating
delayed matching-to-sample performance of mentally retarded adults. Am J Ment Defic.
1981,85:539-47.

10 Breuning SE, Davis VI, Polmg AD. Phammcotherapyuwnh the memally retarded 1mphcauons for
clinical pathologists. Clin Psych Rev. 1982;2: 79 114

7 Gualtieri CT, Breuning SE Schmeder SR, Quade D. Tardwe-dyskmesxa in mentally retarded
children, adolescents, and young adults: North Carolina and Michigan studies. Psychopharmacol
Bull. 1982;18:62-65.

5 Ferguson DG, Breumng SE. Anupsychom: and anuanxxety drugs In: Breumng SE, Pohng AD
eds. Drugs and Mental Retardation. Springfield, ll: Charles C Thomas Publisher;
1982:168-214.

5 Ferguson DG Cullan S, Davidson NA, Breuning SE Effects of data- based mtzrdlsmplmary '
medication reviews on the prevalence and pattern of neuroleptic drug use with institutionalized
mentally retarded persons. Educ Train Ment Retard 1982;17: 103 108.

4 é&lmg A, Breumng SE. Effects of methylphenidate on the fixed-ratio performance of memally
retarded children. Pharmacol Biochem Behav. 1983;18:541-544.

2 Breuning SE, Ferguson DG, Cullari S. Analysis of single-blind, double-blind procedures,
maintenance of placebo effects, and drug-induced dyskinesia with mentally retarded persons: a
brief report. Psythopharmacol Bull. 1981;17:122-123.

- 2 Matson JL, Breumng SE. A review and .:;x.xalysxs of applled research in meﬁi;l“retardauon N
1975-1980. Appl Res Ment Retard. 1982,3:185-189.

2 Pohng AD Breuning SE. Overvnew of mental retardation. In: Breunmg SE, Polmg AD, . eds.
Drugs and Mental Retardation. Sprmgﬁeld 1il: Charles C Thomas Publisher; 1982:3-65.

| . Breumng SE Davis V]. Reinforcement effects on the mtelhgence test performance of
institutionalized retarded adults: behavioral analysis, directional control, and implications for
habilitation. Appl Res Ment Retard. 1981;2: 307 322.

1 ) SlssonL Breuning SE. Medlcauon effects. In Matson JL, Breumng SE, eds. Assessing the T
Mentally Retarded. New York, NY: Grune & Stratton; 1983:143-179.

92



Annual distribution of citations to Breuning publications, 1981 through 1988. Shaded bars indicate self-citations;
and open bars, non-self-citations (data from the Science Citation Index® and Social Sciences Citation Index® , Institute

for Scientific Information®, Pa).
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ing to 27 in 1986, 6 in 1987, and 7 in 1988. Four
of the 18 citations in 1987 and 1988 were retrac-
tions or corrections published as editorials or let-
ters to the editor. This decline coincides with the
publication of a critical review of Breuning's work
in the September 1486 issue of the Journal of
Mental Deficiency Research.'® The review, by
M. G. Aman, PhD, of the University of Auckland
and N. N. Singh, PhD, of the University of Can-
terbury, New Zealand, highlighted various meth-
odological shortcomings of Breuning’s work,
noted the lack of corroborating data from other
researchers, pointed to other studies that showed
opposite results, and concluded that it ‘‘does not
substantially advance our level of knowledge,
despite what initially appeared to be an unusuai
level of methodological elegance in the way the
studies were conducted.’'13

In a 1987 guest editorial in the same journal,
Aman!4 said the review was initiated in 1985 in
part by his knowledge that the NIMH was. inves-
tigating Breuning’s work. If researchers in New
Zealand were aware of the NIMH inquiry in 1985,
it is reasonable to assume that other investigators
in the field also knew of the fraud aliegations
against Breuning and began to avoid his work.
In any event, the NIMH investigation was publicly
disclosed in the December 19, 1986, issue of
Science.!3

As noted earlier, 183 citation contexts in 65 cit-
ing articles were examined to determine how
Breuning’s work was used by the citing authors.
Of these, 82 (44.8%) were serial citations and 101
(55.2%) were unique citations. Results of an anal-

ysis of these unique citation contexts are summa-
rized in Table 2.

The majority of the unique citation contexts (58,
or 57.4%) were neutral, in which the citing author
simply reported some aspect of Breuning’s work.
However, 33 (32.7%) were negative, indicating
disagreement with Breuning’s findings and/or crit-
icism of his methods. Only 10 (9.9%) of the ci-
tation contexts were positive.

Categorized another way, the majority of the
unique citation contexts (63, or 62.4%) were in-
consequential, indicating that Breuning’s work had
no apparent influence on the interpretation of data
and/or conclusions reported in the citing author’s
study. Thirty-eight (37.6%) of the citation con-
texts were material, and they were contained in
15 (23.1%) of the 65 articles examined.

However, it should be stressed that the critical
review by Aman and Singh accounted for 21
(55.3%) of the material citation contexts. Breun-
ing’s work did indeed influence the conclusions
formed by the authors, but in an ironic way. As
noted earlier, they concluded that his work ‘‘does
not substantially advance our level of knowl-
edge.”1?

COMMENT

The most interesting observation to emerge
from this single case study is that the scientific
literature seems to purge itself of articles that are
known or even suspected to be fraudulent. The
annual distribution of non-self-citations indicates
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Table 2. —Results of Analysis of 101 Unique Breuning
Citation Contexts*

Neutral Negative Positive Total

Inconsequential | 45 13 5 63
Material 13 20 5 38
Total 58 3 10 10

*See “*Methods™ section for definition of categories.

that authors shun falsified research once it is pub-
licly exposed.

Also, the frequency of citations to Breuning's
work seems to indicate that it was influential in
the field. Table 1 shows that 11 Breuning publica-
tions were cited between 10 and 26 times. In the
1955 to 1987 Science Citation Index files of 30
million cited items, only 7% achieved this level
of citation. However, closer examination of the
type and context of Breuning citations diminishes
the apparent influence of his work. First, a high
percentage (40.0%) were self-citations. Second,
a high percentage of non-self-citations (32.7%)
disagreed with Breuning’s findings or criticized
his methods. Last, while a significant proportion
(37.6%) of Breuning citations were material, most
of these (55.3%) led to a negative conclusion
about his work.

In conclusion, this study suggests the potential
value of citation indexes for limiting the spread
of falsified research. Citation indexes can make
readers aware of explicit retraction notices, pro-
vided these are published in a suitable form for
proper indexing. But such notices are rare. Just
as important, citation indexes can lead readers to
reviews, editorials, letters to the editor, and com-
ments that may contain important caveats about
previously published work.16.17

In fact, the ability to eliminate the uncritical cita-
tion of fraudulent, incomplete, or obsolete data
was a primary reason for developing citation in-
dexes. A 1955 article that first described the uses
of citation indexes in science!8 opened with the
following quotation of P. Thomasson and J. C.
Stanley, of The Johns Hopkins University, Bal-
timore, Md, which is still relevant today:

The uncritical citation of disputed data by a writ-
er, whether it be deliberate or not, is a serious
matter. Of course, knowingly propagandizing
unsubstantiated claims is particularly abhorrent,
but just as many naive students may be swayed
by unfounded assertions presented by a writer
who is unaware of the criticisms. Buried in
scholarly journals, critical notes are increasing-
ly likely to be overlooked with the passage of
time, while the studies to which they pertain,
having been reported more widely, are apt to
be rediscovered.'?
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