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In this article a quantitative study is reported on the resis-
tance that scientists may encounter when they do innova-
tive work or when they attempt to publish articles that later
become highly cited. A set of 205 commentaries by authors
of some of the most-cited papers of all times have been
examined in order to identify those articles whose authors
encountered difficulty in getting his or her work published.
There are 22 commentaries (10.7%) in which authors men-
tion some difficulty or resistance in doing or publishing the
research reported in the article. Three of the articles which
had problems in being published are the most cited from
their respective journals. According the authors’ commen-
taries, although sometimes referees’ negative evaluations
can help improve the articles, in other instances referees
and editors wrongly rejected the highly cited articles.

Introduction

Sometimes scientists encounter strong resistance
from peers to their new ideas. The scientific community
often finds it difficult to accept new ideas or methods and
unexpected observations (Barber, 1961). The greatest
and most harmful source of resistance from scientists to
scientific discovery comes precisely from those peers
whose mission is to preserve the quality of scientific
work: The editors and referees of scientific journals. Al-
most all scientific journals monitor the quality of sub-
mitted papers by means of the advice of editorial board
members or external referees: This is the so-called peer
review system.

The peer review system has been frequently criticized.
According to its critics, peer review system tends to “fa-
vour unadventurous nibblings at the margin of truth
rather than quantum leaps” (Lock, 1985), it may delay
publication (Garfield, 1986), it cannot always avoid du-
plicate or fraudulent publication (Garfield, 1980; Gar-
field & Welljams-Dorof, 1990; Peters & Ceci, 1982), itis
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sometimes biased to positive results ( Easternbrook, Ber-
lin, Gopalan & Matthews, 1991; Epstein, 1990), it is set
up in such a way that particular criteria can interfere with
selection (Arrillaga, 1992; Cole & Bowers, 1973; Sham-
blin, 1970; Willis & McNamee, 1990; Yoels, 1971; Yo-
topoulos, 1961), and it often allows excellent manu-
scripts to be criticized by referees with vested interests or
contrary views (Biggs, 1990; Meadows, 1977; Rodman,
1970). There is evidence that some of the referees pass
their manuscripts on to a colleague for partial or total
review (Glogoff, 1988; Lock & Smith, 1991) and referee
and editorial board members’ misconduct and conflict of
interests have been noticed ( Barinaga, 1992; Huth, 1992;
Maddox, 1992). Redner made one of the most serious
charges against the peer review system when he affirmed
that *“‘one of the roles of journals almost appears to be to
shift out and reject really original contributions”
(Redner, 1987). Medical editor David Horrobin as-
serted that “there is objective evidence that some refer-
ees, and even some highly respected ones in top aca-
demic positions, are at best ignorant and careless and at
worst deliberately obstructive” (Horrobin, 1974).

There is a growing interest in the peer review system
and a number of investigations have been published on
this topic. Most articles dealing with the peer review sys-
tem address the reliability of the system. Results of these
studies point out that the agreement among referees is
very low in the social and behavioral sciences, although
in the physical sciences it tends to be greater (Ciccetti,
1991). However, the validity of the peer review system
has not been studied in a systematic way, maybe because
of the methodological and conceptual difficulties of such
an enterprise. The question here is whether the peer re-
view system achieves one of its goals: To promote origi-
nal ideas, valuable approaches, or new methods and to
reject the mediocre ones.

In this line, some findings scattered in the literature
are really disappointing. Gottfredson found only low to
moderate correlations among reviewers’ rating of psy-
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chological research papers and the number of citations
received by these articles (Gottfredson, 1978). Medical
editor, David F. Horrobin (Horrobin, 1990) presented
an astonishing set of anecdotical cases of important, orig-
inal, or innovative papers that had been rejected by ref-
erees. More cases may be found in Barber (1961) and
McCutchen (1991). It is necessary to keep in mind that
some scientists even had their findings turned down al-
most at once, although they would later win the Nobel
Prize for the very same research. Documented cases are
Severo Ochoa’s work on polynucleotide phosphorylase
(Ochoa, 1980); Hans Krebs’s account of the citric acid
cycle (Horrobin, 1990); Rosalind Yalow’s initial work
on radioimmunoassay ( Yalow, 1982); Harmut Michel’s
research on photosynthetic processes (Garfield, 1989¢);
Pavel Alekseevich Cherenkov’s article on the radiation
named after him (Hubbell, 1991); Arthur Kornberg’s
work on DNA synthesis (Kornberg, 1989); Henry
Taube’s work on inorganic complexes (Gray and Col-
Iman, 1983; Taube 1988); Sydney Altmant’s findings on
ribozymes (Baum, 1989; Lewin, 1989); Murray Gell-
Mann’s work on quarks (Crozon, 1987); K. Alex Miill-
er’s and J. Georg Bednorz’s work on high-temperature
superconductivity (Combescot, 1988); Gerd Binning’s
and Heinrich Rohrer’s work on the scanning tunnelling
microscope (Armstrong & Hubbard, 1991); and Wil-
liam A. Fowler’s work on nucleogenesis (Maddox,
1983).

However, the above examples and others reported in
more or less anecdotical literature, are not systematic
and quantitative studies on peers’ resistance to impor-
tant scientific findings. To fill this void I have used a new
approach to addressing this topic. In short, it consists of
the use of the author’s commentaries on important and
highly cited papers. These commentaries may be found
in the Citation Classics® feature of Current Contents.

According to the above, this article is an attempt to
assess the validity of the peer review. The specific objec-
tives of this article are:

1) To study the difficulties encountered by the authors
of a very select set of articles, ranking among the
most-cited ones of all times, when trying to publish
the highly cited articles.

2) To compute the relative frequency of these difficul-
ties.

3) To analyze, when possible, the reasons provided by
referees and editors to advise editors to reject the pa-
pers.

Citation data on articles and journals are computed
by the Institute for Scientific Information (ISI) and can
be obtained from the Science Citation Index (SCI). This
index records citations to previous articles given each
year in the 3,500 most influential journals (Seglen,
1992). Citations have been widely used by sociologists of
science as a tool in studying the structure of science

(Rice, Borgman, Bednarski, & Hart, 1991). Citation
rates correlate well with the award of prizes and the inde-
pendently expressed opinions of scientists regarding sci-
entific merit. There is a vast literature on this topic
(Abrams, 1991). Sometimes, citation rates may even de-
termine the salaries of researchers ( Diamond, 1986). Ci-
tation data have also been used in academic evaluations
of individual scientists (Garfield, 1983a, 1983b; King,
1987; Seglen, 1992).

Although the typical article is cited an average of 15
times (data from the foreword to the Citation Classics®
feature of Current Contents, 1991), the actual distribu-
tion of article citations are found to be very skewed. Dis-
tribution of article citations within a field conforms rea-
sonably well to linearity in a double-log plot: A few pa-
pers are highly cited and many articles are rarely cited
(Magyar, 1973; Seglen, 1992). Thus, according to Ham-
ilton, 55% of 1981 papers were uncited 5 years after pub-
lication and in social sciences the uncitedness rates aver-
aged 75 and 98% in arts and humanities, respectively
(Hamilton, 1990, 1991). I must point out that, accord-
ing Bott and Hargens, the uncitedness is lesser than the
amount reported by Hamilton (Bott and Hargens,
1991). Two final data: Only 0.05% of the over 32 million
article which were cited at least once between 1945 and
1988 were cited more than 500 times (Garfield, 1990a).

From 1977 to 1991, Current Contents featured a
weekly Citation Classics® section where commentaries
from scientists who had written highly cited articles were
published. From 1992, Citation Classics were published
bi-weekly. A Citation Classics® paper is an article which
is extraordinary for the large number of citations it has
received. The selection criteria for nominating an article
as a Citation Classics® candidate are diverse and can be
found elsewhere (Garfield, 1984, 1989a, 1990b). If an
author consents to writing this commentary, the article
becomes a Citation Classics®. In his essay, the author
explains the work, details what prompted the research,
the contributions of their coauthors and, sometimes, the
obstacles encountered in both research and publication.
It has been said that Citation Classics® are “the human
side of science” (Garfield, 1981). By the end of 1993,
close to 5,000 commentaries had been published in Cur-
rent Contents (Garfield, 1993). This interesting database
has been used in some studies on the sociology of science
(Astin, 1991; Cano and Lind, 1991; Chubin, Porter,
Rossini, 1984; Garfield, 1989b, 1990c; Schulz-DuBois,
1984), and it can be used to study history of science. As
Garfield pointed, Citation Classics® commentaries “‘pro-
vide researchers and students of science with behind-the-
scenes information about scientific endeavours”
(Garfield, 1993, p. 7).

Methods

Citation Classics® commentaries by authors of a frac-
tion of the 400 most-cited articles in the history of sci-
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ence have been examined. The list of these 400 articles
was published in a series of essays by Eugene Garfield
(Garfield, 1990a, 1990b, 1990d, 1991). An important
fraction of these highly cited articles are Citation
Classics® and, therefore, their authors’ commentaries
have been published in Current Contents. References to
these Current Contents issues was also published in the
aforementioned list. Among the 400 most-cited articles
of all times, 188 articles were Citation Classics® when
Garfield’s essays on the 400 most-cited articles appeared.
In addition, I have reviewed all Citation Classics® com-
mentaries published in Current Contents in every issue
since Garfield’s essays listed the 400 most-cited articles
of all times. This was done to identify additional Citation
Classics® commentaries published that correspond to
the list of the 400 aforementioned most-cited articles. I
have found 17 additional commentaries. I have read all
these commentaries to identify articles whose authors
had difficulties in doing the research or in getting them
published.

Most Citation Classics® commentaries were located
in Current Contents issues filed in libraries from the five
universities in the Madrid area and in some research in-
stitutes in Madrid. However, the Institute for Scientific
Information provided some Citation Classics® commen-
taries published in old Current Contents issues that were
hard to find in the Madrid area.

To study the difficulties encountered by individual pa-
pers I have used a classification scheme consisting in two
broad categories:

a) Authors encountered difficulties during the revision
phase but the manuscript was finally published in the
same journal to which the manuscript was submitted.
On some occasions, authors had to make changes or
fulfill referees’ suggestions or requests for additional
data. On other occasions, papers were rejected but the
authors argued or inquired and the paper was finally
accepted.

Manuscript were rejected and authors had to look for
new journals to publish them.

b

—

I must note that I have identified two papers whose
authors encountered prepublication difficulties. The au-
thors of the highly cited papers encountered some minor
difficulties before the publication process due to factors
other than referees. These instances have not been taken
in account because these kinds of problems actually have
no relevance to the focus of this article.

Results and Discussion

There are 22 Citation Classics® commentaries
(10.7%) that mention some difficulty or resistance in do-
ing or publishing the research reported in the article. The
citation frequency for the articles with problems range
from 1,675 to 9,390. It is worth noting that, according to

Garfield, the top 1,400 articles cited at least 1,000 times
represent just 0.004% of all cited publications in the
1945-1988 Science Citation Index database (Garfield,
1990a). Table 1 includes the bibliographic data on the
most-cited Citation Classics® articles which encountered
difficulties. According to the lists included in the afore-
mentioned essays by Eugene Garfield, three articles in-
cluded in Table 1 would eventually become the most-
cited of their journals. Next, the articles in Table 1 are
analyzed in more detail. Data on the process of publica-
tion of these papers were obtained from the ISI prologue
to each Citation Classics® commentary and from the
commentary itself. As noted above, to study the individ-
ual articles I have used a classification scheme consisting
of two categories:

a) Difficulties during the revision phase: In this cate-
gory [ have listed those papers in which the journal refer-
ees raised questions and posed problems but the papers
were finally published. On some occasions, authors had
to make changes or fulfill referees’ suggestion or requests
for additional data.

—The referee of the 1967 paper by Bernard Hirt on selective
extraction of polyoma DNA from cell cultures sent him a sin-
gle-spaced three-page report in a very paternalistic tone. The
referee’s report raised many questions and requested additional
data. As Hirt recognized, the referee worked hard and made
some goods remarks. As it often occurs, the manuscript went
into a drawer for two and a half months until, with the help of
someone, Hirt rewrote it,

—The 1959 article by Havel, Eder, and Bragdon describes an
accurate and efficient method for determining lipoprotein
composition. The difficulties encountered by the authors when
they submitted the manuscript to the prestigious Journal of
Clinical Investigation had to do with concepts. At that time
the journal did not accept terminology that has since become
standard jargon of the field.

—The origin of the 1970 Sternberger and colleagues’ highly
cited article is an assignment he posed to Sternberger’s stu-
dents. The unexpected result was a new method to visualize
erythrocytes and spirochetes. Ludwig Sternberger and col-
leagues had some difficulty in publishing the work because one
of the referees felt that the findings were too insignificant. How-
ever, the method reported in the article has wide applications in
the study of fixed normal and pathologic tissue. The principle
underlying this method yields high sensitivity because of inher-
ently low background.

—Two reviewers could not agree as to the acceptability of the
1967 paper by Beverly Murphy on methods to measure steroids
by competitive protein-binding radioassay. A third referee was
involved and all three had many suggestions for revision. The
revision of this paper took well over a year and, according to
Murphy, this delay was harmful because some colleagues to
whom she had given the methods published earlier.

On other occasions, papers were rejected but the au-
thors argued or inquired and the paper was finally ac-
cepted by the same journal to which it was originally sub-
mitted. The following articles are examples of the above:
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TABLE 1. Bibliography of Citation Classics® articles which have been identified in this study as having problems in being produced or

published.?
Current
Contents
entry® Bibliographic data

(45/78) Ahlquist, R. P. A study of the adenotropic receptors. American Journal of Physiology 153:586-600, 1984. (2,393).

(31/88/LS) Berridge, M. J. Inositol triphosphate and diacylglycerol as second messengers. Biochemical Journal 220:345-60, 1984.
(1,938)

(29/84/LS) Bolton, A. E., and Hunter, W. M. The labelling of proteins to high specific radioactivities by conjugation to a '**I-containing
acylating agent: Application to the radioimmunoassay. Biochemical Journal 133:529-539, 1973.(2,169)

(44/91/LS) Burnette, W. N. “Western blotting™: Electrophoretic transfer of proteins from sodium dodecyl sulfate-polyacrylamide gels
to unmodified nitrocellulose and radiographic detection with antibody and radioiodinated protein A. Analytical
Biochemistry 112:195-203, 1981. (2,737)

(28/77) Cleland, W. W. The kinetics of enzyme-catalyzed reactions with two or more substrates or products. I. Nomenclature and
rate equations. Biochimica et Biophysica Acta 67:104-137, 1963. (1,788)

(41/84/LS) Cleveland, D. W., Fischer, S. G., Kirschner, M. W., and Laemmli, U. K. Peptide mapping by limited proteolysis in sodium
dodecy! sulfate and analysis by gel electrophoresis. Journal of Biological Chemistry 252:1102-1106, 1977. (3,594)

(22/77) *Ellman, G. L., Courtney, K. D., Andres, V., and Featherstone, R. M. A new and rapid colorimetric determination of
acetylcholinesterase activity. Biochemical Pharmacology 7:88-95, 1961. (4,372)

(1/81/LS) *Gray, E. G., and Whittaker, V. P, The isolation of nerve endings from brain: An electron microscopic study of cel
fragments derived by homogenization and centrifugation. Journal of Anatony 96:79-87, 1962. (2,088)

(46/83/LS) Havel, R. J., Eder, H. A., and Bragdon, J. H. The distribution and chemical composition of ultracentrifugally separated
lipoproteins in human serum. Journal of Clinical Investigation 34:1345-1353, 1955. (3,722)

(26/78) Hayflick, L., and Moorhead, P. S. The serial cultivation of human diploid cell strains. Experimental Cell Research 25:585-
621, 1961.(1,876)

(33/81/LS) Hirt, B. Selective extraction of polyoma DNA from infected mouse cell cultures. Journal of Molecular Biology 26:365-369.
1967.(2,518)

(4/92/LS) Kebabian, J. W., and Calmne, D. B. Multiple receptors for dopamine. Nature 277:93-96. 1979. (1.675)

(11/85/LS) *Lineweaver, H., and Burk, D. The determination of enzyme dissociation constants. Journal of the American Chemical
Society 56:658-666, 1934. (9,390)

(12/92/LS) Messing, J., Crea, R., and Seeburg, P. H. A system for shotgun DNA sequencing. Nucleic Acids Research 9:309-321. 1981.
(1,721)

(50/88/CM) Michell, R. H. Inositol phospholipids and cell surface receptor function. Biochimica et Biophysica Acta 415:81-147, 1975,
(1,836)

(15/81/LS) Miller, G. J., and Miller, N. E, Plasma-high-density-lipoprotein concentration and development of ischaemic heart-disecase.
Lancer 1:16-19, 1975. (1,681)

(3/81/LS) Murphy. B. E. P. Some studies of the protein-binding of steroids and their application to the routine micro and ultramicro
measurement of various steroids in body fluids by competitive protein-binding radioassay. Journal of Clinical and
Endocrinological Metabolism 27:973-990, 1967. (2,642)

(51/82/LS) O'Farrell, P. H. High resolution two-dimensional electrophoresis of proteins. Journal of Biological Chemistry 250:4007-
4021, 1975.(9,068)

(33/81/LS) Panyim, S., and Chalkley, R. High resolution acrylamide gel electrophoresis of histones. Archives of Biochemistry and
Biophysics 130:337-346, 1969. (2.282)

(17/82/LS) Salomon. Y., Londos, C., and Rodbell, M. A highly sensitive adenylate cyclase assay. Analvtical Biochenistry 58:541-548,
1974. (2,483)

(4/83/LS) Sternberger, L. A., Hardy, P. H., Cuculis, J. J., and Meyer, H. G. The unlabeled antibody enzyme method of
immunohistochemistry: Preparation and properties of soluble antigen-antibody complex (horseradish peroxidase-
antihorseradish peroxidase) and its use in identification of spirochetes. Journal of Histochemistry and Cytochemistry. 18:
315-333.1970.(3.727)

10/77)

Venable, J. H., and Coggeshall, R. A simplified lead citrate stain for use in electron microscopy. Journal of Cell Biology 25:
407-408, 1965. (4,255)

2 Articles are arranged alphabetically (brackets: 1945-1988 citations).
Y Current Contents bibliographic entry (issue, year, and after 1978, edition). Current Contents editions: LS = Life Sciences; CM = Clinical

Medicine.

* = This is the most cited paper of its journal.
Reprinted with permission from ISI®. Copyright 1993, ISI®.

—An unexpected and fortuitous discovery was the origin of the
1977 article by Donald Cleveland and colleagues on character-
ization of proteins by gel electrophoresis. Cleveland submitted
a manuscript reporting the discovery to the prestigious Journal
of Biological Chemistry. The manuscript was rejected because
an editor erroneously inferred that a more comprehensive pa-

per was to be sent elsewhere. When the authors rebutted to the
editor, the paper was finally accepted without revision.

—1In a very similar way, George Miller and N. E. Miller re-
ceived a rejection letter from Lancer on their 1975 paper in
which they reported an inverse relation between high-density
lipoprotein concentration and body cholesterol. This inverse
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correlation suggested that this lipoprotein is important in the
removal of cholesterol from tissues and the retardation of ath-
erosclerosis. The authors did not accept the rejection as final
and they wrote to the editor, who reconsidered his decision and
accepted the paper within 24 hours.

—In 1981, the editor of Analvtical Biochemistry reconsidered
his decision on a previously rejected manuscript by W. Neal
Burnette. This manuscript was rejected because of negative ref-
erees’ evaluations. However, the method reported in the article
is now one of the most widely employed immunochemical
techniques because of its relative simplicity, wide applicability,
and visual clarity of the results. In fact, an implementation of
this method has been as a confirmatory diagnostic test for
AIDS.

—Hans Lineweaver and Dean Burk also had to argue in order
to get their 1934 manuscript on enzyme kinetics into print. In
this article they describe a simplified graphical treatment to ob-
tain enzyme dissociation constants. Three referees for the
Journal of the American Chemical Society advised rejection of
the manuscript. Following the suggestions of the editor, Arthur
Lamb, Lineweaver and Burk made changes and formulated re-
buttals. However, three additional referees were also unenthu-
siastic about the work. One referee, for example wrote “it is
doubtful whether the methods given are sufficiently new or
valuable to warrant publication in such detail” (Burk, 1984).
Ironically. the editor of the Journal of the Amnerican Chemical
Society, Arthur Lamb, had to use his editorial privilege to pub-
lish that which became the most cited article in the history of
this prestigious journal (!). Now, this article is required reading
for students of biochemistry all over the world.

—With some help from members of the Journal of Biological
Chemistry editorial board, Patrick O’Farrel managed to reverse
the initial rejection of his 1975 paper on protein electrophore-
sis. The paper was based on his Ph.D. thesis and was rejected
because referees concluded that the manuscript was “highly
speculative™ and its utility was ““extrapolated far beyond what
the author has any reason to expect.” However, this method
has played a major role in diverse developments ranging from
the identification of proteins to the detection of targets of viral
transforming proteins.

—In its present form, the 1974 article by Salomon, Londos,
and Rodbell describing a new technique for separating AMP
from ATP, was first rejected for insufficient novelty. However,
their persistence with the editor resulted in its being accepted.
The method reported in the article has won wide acceptance in
the field of adenylate cyclase research. Ironically, even col-
leagues advised the authors not to waste time in the paper.

b) The more critical instances are those in which the
paper was rejected outright and authors had to look for
new journals to publish their papers. We would suspect -
that the papers also underwent revision for those second
journals, but we have not enough data to support this
assumption. In some cases authors do not provide the
reasons why their papers were rejected. However, most
do explain why. Some papers were rejected because the
referees felt that the findings were not sufficiently impor-
tant while others were rejected because they clashed with
existing ideas or methods. One of the Citation Classics®
commentaries shows that even the author himself may
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doubt the usefulness of his findings that subsequently
would be judged important.

—1In his 1977 Citation Classics® commentary, George Eliman

recalled how his research team received a rejection letter for

their 1961 paper on colorimetric determination of acetylcho-

linesterase activity. The referees had many questions which

they had not addressed in the paper. One member of the re-

search team pressured the people in the lab to do more work

and to rewrite the manuscript that, improved, was finally pub-

lished in Biochemical Pharmacology. Eventually this article be-

came the most-cited article ever published in that journal. A

very instructive example of good work by authors and referees.

—In 1962, the prestigious Journal of Physiology rejected a

manuscript by E. G. Gray and V. P. Whittakker on a new

method for the bulk isolation of synaptic complexes from the

brain. This method permits investigation of synaptic structure,

biochemistry, and physiology in a way hitherto impossible. An-

tibodies can now be prepared to study individual synaptic pro-

teins. The citation tally of 2,088 makes this the most-cited arti-

cle ever published in the Journal of Anatomy of London. This
is a nice example that shows that an important paper displaced

from a leading journal by an unwise rejection can become the

most cited article of a less prominent journal.

—According to Raymond P. Ahlquist, his 1948 highly cited

article on alpha and beta receptors was initially resisted and

ignored because the concepts developed in that paper did not

fit with ideas developed since 1890 on the actions of epineph-

rine. The paper was first rejected by the Journal of Pharmacol-

ogy and Experimental Therapeutics and subsequently found

a home elsewhere. This article has been identified by Eugene

Garfield as an example of the phenomenon called “delayed rec-

ognition” (Garfield, 1990b). This phenomenon is operation-

ally defined as follows: At age 10, the article is still cited infre-

quently; sometime at or after age 20, the paper’s annual citation

rate was at least 10-fold higher than at age 10 (Garfield, 1989b,

1990c). This demonstrates that the article was almost ignored

by the scientific community for a time until Ahlquist’s ideas
grew in acceptance.

—Panyim and Chalkley also had to look for a new journal in

which to publish their 1969 previously rejected, highly cited

paper. This article was based on Panyim’s doctoral thesis and it
reports a technique that can be applied to the comparison of
histones from a wide variety of species. The first journal to

which it was submitted rejected it, but the editor of Archives of
Biochemistry and Biophysics considered it worthy of publica-

tion. In addition to the large number of citations, there was a
large number of reprint requests as soon as the article appeared.

—Because of the manuscript length, Biochemistry rejected the
1962 paper by William Cleland on a new nomenclature for the

mechanisms of enzyme-catalyzed reactions with more than

one substrate or product. Cleland then submitted copies of his
paper to three other journals asking editors whether they would

be interested. All three editors recognized the paper’s quality
and replied favorably. Thus, three journals were interested in a
previously rejected paper, a very unusual situation. The editor
of Journal of Biological Chemistry even spent a lot of time im-
proving the manuscript, but the article did not finally appear in
that journal because Cleland preferred to publish the manu-
script in Biochimica et Biophysica Acta.

— Biochimica et Biophysica Acta also rescued the content of a

manuscript by Robert H. Michell on inositol phospholipids
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and cell surface receptor function. Previously, the findings re-
ported in this review were promptly rejected by Nature. As Mi-
chell tell us in his Citation Classics® commentary, their ideas
were slow to develop and resisted by some researchers until
about 1983. As a result of Michell’s contribution to research on
inositol lipids, he has been elected to the Royal Society and he
has been awarded the CIBA Medal of the Biochemical Society.
—*“From Too Trivial to a Classic” was the title of the Citation
Classics® commentary by Joachim Messig on the 1981 paper
by his research team on DNA sequencing. In fact, “too trivial”
was the reason given by the reviewers of the Proceedings of the
National Academy of Sciences—USA for rejecting the paper.
The citation history of this article seems to contradict their
opinion.

—J. K. Kebabian and D. B. Calne’s 1979 review summarizing
evidence for the existence of two categories of dopamine recep-
tors was rejected by Science because the work was *“not of
sufficient general interest.” In addition, the referee opined that
the manuscript “should not be published in any journal.” Na-
ture rescued this paper that, eventually, became the second-
most-cited article in the following three years.

—In this instance Nature rejected a 1983 review by Michael J.
Berridge on inositol as a second messenger in cell signal trans-
duction. One reason given by Nature for not considering the
manuscript was that other authors submitted a review on a part
of the bifurcating cell signal pathway, a topic included in Ber-
ridge’s manuscript. Thus, Berridge submitted his paper to the
Biochemical Journal and it was published, After this episode,
Berridge was able to convince the editors of Nature to accept
a new review on the other part of the bifurcating cell signal
pathway.

—A soon-to-be-named Nobel laureate had the dubious honor
of rejecting the manuscript by Hayflick and Moorhead on serial
cultivation of human diploid cell strains. In this paper, the au-
thors describe the isolation and characterization of normal hu-
man diploid cell strains which have a limited capacity to repli-
cate, but the prevalent dogma was that cells inherently capable
of multiplying will do so indefinitely if supplied with the right
milieu in vitro. This was the reason given by the referee for
recommending rejection when the manuscript was submitted
to the prestigious Journal of Experimental Medicine. A very
instructive example of an egregious mistake by an prestigious
referee.

—In 1971, Anthony Bolton and William Hunter discovered a
method for labeling proteins and wrote a manuscript describ-
ing the method. Referees rejected the manuscript on the
grounds that the new method should be shown to be better than
those existing methods in practice and not just in theory. Bol-
ton and Hunter included new data into the paper and it was
finally published. Now, the commercial availability of the Bol-
ton-Hunter reagent makes this a very simple method to use and
saves considerable time.

—1In their 1965 paper, John H. Venable and Richard Cogges-
hall describe the use of a commercially available lead citrate in
electron microscopy. This method was the result of the Ven-
able’s Ph.D. thesis and many investigators were using it, so
Coggeshall encouraged publication. Venable himself was not
confident that some journal would publish such “an empirical
and mundane recipe.,” In fact, Stain Technology and the
Journal of Histochemistry and Cytochemistry rejected the pa-
per, according to Venable, on perfectly logical grounds. After
some months, with the help of an influential scientist, the arti-

cle was finally published and since that time has been highly
cited.

Conclusions

As shown in this article, the Citation Classics® data-
base can be used to study a very special kind of episode
that sometimes occurs in the history of science: Those in
which scientists encounter resistance to their work. The
scientific article is the usual form of scientific communi-
cation but it little reflects the way the work was actually
done. Some epistemologist has suggested that there is a
“context of discovery” and a “‘context of justification”
(Brush, 1974; Reichenbach, 1938, pp. 6~7 and 282-
284). According to this view, scientific discoveries are
made one way and announced in a very different way.
The new approach presented here makes it possible to do
systematic and quantitative studies on the resistance of
scientists to scientific discovery. Of course, new lines of
research are possible. For example, using clustering
methods, Small (1993) and Small and Garfield (1985)
have obtained “maps of science” in which many “re-
search fronts” are identified. These research fronts in-
clude some core papers and others that cite them. It
would be interesting to identify core papers whose au-
thors encountered problems in publishing them.

Whatever the usefulness of this new approach, some
cautions are necessary when using this method. For ex-
ample, as noted above, there are authors of highly cited
papers that did not consent to write a commentary.
Thus, the use of Citation Classics® may introduce a sub-
tle bias: Authors that encountered unfair refereeing prac-
tices or difficulties in publishing their papers may have a
stronger motivation to write commentaries in order to
reveal these difficulties (I am indebted to two anony-
mous JASIS referees for this interpretation). In addi-
tion, there is no evidence that all the authors of the 400
most cited papers were invited to write a commentary.
However, having in account the criteria for selecting Ci-
tation Classics® candidates as explained above, we can
reasonably guess that most of them were, in fact, invited
to do so. Furthermore, we should note that peer review
is a wide and broad process and we are using examples of
the most extreme cases: A very select set of papers. Thus,
percent of referees’ mistakes in this sample should not be
extrapolated to other samples.

Price used to speak of a hypothetical “Journal of Re-
ally Important Papers” (Price, 1968, p. 108), that Gar-
field would call “Journal of Citation Classics™ (Garfield,
1990a) and, as an extension, I would like to introduce
the idea of a “Journal of Previously Rejected Important
Papers.” The papers listed in this article could be in-
cluded in the first issue of this new journal. As Glenn
(1976) complained, “who knows. . . how many papers
which could have had an important impact on the disci-
pline lie buried and neglected in obscure journals be-
cause of unfair rejections of their papers; or how many
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incorrect conclusions published in major journals have
found their way into textbooks to be taught to unwary
undergraduates or have influenced personnel and policy
decisions!”

In some instances referees and editors’ commentaries
could improve the highly cited papers. A good portion of
papers were criticized and revised to make better papers.
The above s clear, for example, for the articles by Ellman
or by Bolton and Hunter. Referees and editors deserve
recognition for the work they do when refereeing these
papers. In other instances, however, the peer review sys-
tem is a barrier that must be overcome and not a system
to promote innovative ideas or good research. For exam-
ple, what about the careless initial refereeing to the 1977
Cleveland and colleagues’ highly cited article?. Perhaps
“authors should be not the only recipient of rejection let-
ters” (Millman, 1982). As this work demonstrates, au-
thors of a significant percent of the most-cited articles
of all times encountered difficulties because of negative
evaluations by referees. We could even speculate on the
fact that some good papers that would have received
many citations were never published because of the de-
lays due to reviewing and initial rejection. Thus, other
papers covering the same topic were published first and
this prevented the original paper from being accepted. I
believe that preventing innovative work from being pub-
lished is even worse than allowing mediocre work to be
published.

We can learn from the above stories that, whatever
the initial problems encountered by authors in publish-
ing their Citation Classics® articles, the manuscripts
were finally published. This shows that scientists are cor-
rect to argue with editors about their rejected papers or
they send the previously rejected manuscripts to other
journals. In fact, some leading journals count on authors
of rejected manuscripts submitting them elsewhere and
even suggest they do so (see, for example, Science and
Nature's guide to authors; and Stossel, 1985).

Editors and referees should not be embarrassed by
these findings. Referees are not necessarily only evaluat-
ing papers on the extent to which they will be heavily
cited. The problem is not with the persons but with the
whole system. Sometimes it is hard to know the differ-
ence between a good, potentially useful, innovative tech-
nique and one which is just wrong or not significant. As
noted above, one of the Citation Classics® commentaries
shows that even the author himself may doubt the use-
fulness of his findings, that subsequently would be
judged important. I believe that we should seriously con-
sider deep changes in the philosophic foundations of the
peer review system.

Although, as ISI President Eugene Garfield points
out, “the author is the ultimate referee,” reviewers’ er-
rors may delay or even impede the diffusion of very in-
novative ideas or very useful methods. Prejudice and re-
sistance to new ideas may rob readers of the opportunity
to learn of these advances. To avoid this, referees should

receive directions from journal staff to allow a bit more
originality and creativity and the peer review system
should balance quality control with the encouragement
of innovative ideas (Horrobin, 1990). Some additional
suggestions can be found in the literature. Thus, there are
scholars that believe that refereeing could be removed
from journals’ practice ( Perloffand Perloff, 1982). How-
ever, this would increase the number of articles pub-
lished, requiring many more issues per year of a journal.
Double blind refereeing (in which neither authors nor
referees are aware of the other’s identities) and its con-
trary, “open refereecing” have also been proposed. An-
other suggestion is that paying referees would encourage
them to perform their task more thoroughly and impar-
tially (Perloff and Perloff, 1982). Armstrong proposed
that a portion of referees’ reports to be published along
the published manuscript (Armstrong, 1982). In addi-
tion, ratings by authors of referees’ reports usefulness
and wisdom, could be used by editors to monitor refer-
ees’ work and they could be published. To avoid extra
cost to journals, the last two procedures could be imple-
mented in a database that could be open via electronic
mail.

The aim of scientific journals should be to publish
more good science, not only correct science. Scientists
are among the workers that have the greatest degree of
freedom to choose how and when they will do their work.
We should avoid an evaluation system that, sometimes,
manages to reject the best results of this freedom.
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