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Previously we have listed the 250
most-cited primary authors. We have
described how the names were se-
lected.l And we have examined the
correlation between citedness and
other forms of science recognition
such as the Nobel prize and mem-
bership in national academies of
science.2 In this essay, the last of
three parts, we have listed each
author's most-cited publication.

The list appears on pages 11-20.
It contains the most-cited publica-
tion for which each author was pri-
mary author. Textbooks, manuals,
reviews, and other items not con-
sidered reports of original research
were excluded. About half of these
publications have appeared in our
previous lists of highly-cited items.

The total citation count for each
item is based on Science Citation
Index® (SCI® ) data from 1961 to
1975, or from the year of publication
if published after 1961. Since one of
the 250 most-cited authors was
omitted to symbolize the incom-
pleteness of such lists, this list
actually contains 249 items.

It is notable that the list contains
several items which have been cited
relatively few times. Every one of
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the 250 most-cited authors has been
cited over 4,000 times. So some
readers may wonder about the
paper by R M Barrer, for example,
which was cited ‘‘only”” 46 times.
Most of the authors on this list have
produced not only high-quality
work, but also a large quantity of it.
Barrer has published over 300
papers! His most cited publication,
a 1959 textbook in physical chem-
istry,3 had been cited 319 times
through 1975. But we have not
listed textbooks.

Over four-fifths of these papers
were written in the 1950s and 1960s.
Four were published in the 1920s, 8
in the 1930s, 29 in the 1940s, 103 in
the 1950s, 102 in the 1960s, and 2 in
the 1970s. The oldest work on the
list is Freud’s, which was first pub-
lished in 1915. The most recent item
on the list is Allison’s 1971 paper on
functions of thymus-derived lym-
phocytes in relation to autoimmun-
ity.

Thirteen of these 250 papers have
been featured in Citation Classics,
the weekly Current Contents®
(CC® ) series in which authors com-
ment on their classic papers. For
each Citation Classic we have in-



dicated the CC issue number, date
and page number in brackets after
the item. Undoubtedly many more
of these papers will appear as Cita-
tion Classics in the future.

Just 17 journals account for over
half of the articles, and less than a
hundred journals account for all the
articles. The Journal of the Ameri-
can Chemical Society (JACS) ac-
counts for 26—over 10% of the
total. The Journal of Biological
Chemistry accounts for 15, Bio-
chemical Journal 11, Physical Re-
view 10, and Journal of Chemical
Physics 6. Angewandte Chemie,
Biochimica et Biophysica Acta,
Journal of Cell Biology, Journal of
Molecular Biology and Journal of
Physiology account for 4 items each.

Several of the articles are parts of
a series. The citation counts include
citations only to the part listed. For
instance, Seyferth's article is the
second of a 79-part series on
halomethyl-metal compounds. The
last part was published in 1976,
after which Seyferth and his col-
leagues ended their research in this
field.

1 previously discussed the fact
that several scientific fields are not
represented by the 250 most-cited
primary authors.! Since botany was
among the unrepresented fields,
some readers may be surprised to
see that D 1 Arnon’s paper was pub-
lished in Plant Physiology. How-
ever, Dr. Arnon assures us that he
is not a botanist; his field is bio-
chemistry. He explains, ‘‘At the
time this article was published,
there were not many chemists or
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biochemists interested in chloro-
plasts. Therefore I didn’t publish it
in a biochemistry journal. Today I
would just as soon put it in Bio-
chimica et Biophysica Acta, for ex-
ample.”’4

Of course, some of these authors
are well known for publications
which do not appear on this list. For
example, P W Bridgman is well
known for his writings on the phil-
osophy of science, which include his
books The Way Things AreS and
The Logic of Modern Physics.6

This list contains 40 books and
209 journal articles. Where multiple
editions of a book have been pub-
lished, we counted the citations to
all editions of the book, but listed
the publication date of the earliest
edition. However, G W Snedecor’s
1937 book on statistical methods
was substantially revised and co-
authored with W G Cochran in the
1956 edition.” This was the most-
cited edition, but the citation count
includes citations to all editions.

Collecting citation data on books
was a bit tricky for several reasons.
First, citation practices concerning
books are far from uniform. Second,
many of the books which appear on
this list are classics which have
gone through several editions.

The difficulties can be illustrated
by the case of Sigmund Freud. With
8,490 citations, he is still among the
most-cited authors, even though he
died in 1939. In 1957 the Hogarth
Press collected Freud’s complete
works into a multi-volume Standard
Edition. This is often cited simply as
‘‘Standard Edition,"’ ‘‘S.E.,"" or



“‘Standard Ed. "’ Thus, it appears in
the SCI in all three forms. In addi-
tion, citations to Freud's work
sometimes refer to the original pub-
lications. After examining the cita-
tions to all of Freud's works, it
became apparent that Volume 14,
concerning the history of the psy-
choanalytic movement, is the most-
cited volume. The most-cited papers
in this volume are ‘‘Instincts and
their Vicissitudes,”’ ‘‘Repression,”
*‘The Unconscious,”” ‘A Metapsy-
chological Supplement to the
Theory of Dreams,” ‘‘Mourning
and Melancholia,”” *'A Case of Par-
anoia Running Counter to the
Psycho-Analytic Theory of the Dis-
ease,” ‘‘Thoughts for the Times on
War and Death,” and *‘On Tran-
sience,’’ all written between 1915
and 1917. To simplify matters, we
have listed the entire Volume 14 as
Freud's most-cited work, even
though he never published it as
such.

Four hundred and thirty-three
different authors wrote these 250
works! Eight authors are on the list
both as primary and as co-authors:
M Gell-Mann, C Djerassi, J Monod,
L A Carlson, L D Landau, G E
Palade, D H Spackman, and S
Weinberg.

More than half (132) of the listed
publications have only one author;
71, two authors; 29, three authors;
10, four authors; and 4, five au-
thors. One paper has six, and two
have seven authors.

During the past quarter-century
the proportion of scientific papers
having more than one author has in-
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creased significantly. Instead of
working alone, as most did before
World War 1I, many of our best
scientists now work in teams.

As Derek J. De Solla Price of Yale
University has reported, ‘‘Surpris-
ingly enough, a detailed examina-
tion of the incidence of collaborative
work in science shows that this is a
phenomenon which has been in-
creasing steadily and ever more
rapidly since the beginning of the
century.... Since that time the pro-
portion of multi-author papers has
acclerated steadily and powerfully,
and it is now so large that if it
continues at the present rate, by
1980 the single-author paper will be
extinct.”’8

Price and others have suggested
that the proportion of collaborative
authorship in a field is related to the
amount of economic support it re-
ceives. Price comments that ‘‘the
amount of collaborative authorship
measures no more than the econom-
ic value accorded to each field by
society. A soft subject highly sub-
sidized would become as collabora-
tive as high energy physics....”’9 A
recent study by Henry J. Petroski of
the Argonne National Laboratory
supports Price’s conclusions.10

Although there is general con-
sensus that collaboration is increas-
ing, there is little agreement on how
collaboration affects citation analy-
sis. Some researchers claim that
the effects are negligible, while
others state that they are ‘‘intoler-
able."’11

In Social Stratification in Science,
Jonathan and Stephen Cole studied



a wide range of citation data on 120
physicists. They found that, ‘‘The
correlation between a straight cita-
tion count and total citations (in-
cluding citations to collaborative
work on which the physicist was not
first author) is .96."" The Coles sug-
gest that ‘‘the omission of collab-
orative citations to papers on
which the author was not first
among collaborators does not affect
substantive conclusions.””12  But
this depends upon what phe-
nomenon you are studying.

In a recent study, Duncan Lindsey
of Cornell University and George
Warren Brown of Washington Uni-
versity reached an opposite con-
clusion. They argued that ‘‘one of
the more serious errors in empirical
judgment made in the field of the
sociology of science has been to
measure both publications and ci-
tations with counting procedures
that do not take into account multi-
ple authorship.”’ They explore sev-
eral alternatives to the first-author
dilemma, including a variety of
weighting schemes such as award-
ing the first author of a two-author
paper two-thirds credit, and the
second author, one-third. However,
they conclude, “‘Until it becomes
possible to decompose the relative
contribution of collaborators, it will
be necessary to simply divide by the
number of contributors and allocate
the credit equally.”’11

Lindsey and Brown also used the
SCI and Social Sciences Citation
Index™ (SSCI™) to determine the
proportion of collaborative papers in
a variety of fields. Their results in-
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dicate wide variations from one field
to another. For biochemistry, they
found that 19% of the 155 papers
sampled had one author; 46%, two;
22%, three; and 13%, four or more.
For psychology (205 papers), the
breakdown was 75%, one author;
21%, two; 3%, three; and only 1%,
four or more. In economics, 83% of
the 154 papers sampled had one au-
thor; 16%, two; 1%, three; and
none had four.

In the past, there were two pri-
mary reasons for ISI® to largely ig-
nore the first-author problem in
various citation analyses. First,
many of the most-cited authors did
their important work in the first half
of this century, when collaboration
was less pervasive than at present.
Second, many authors who did pub-
lish as part of a team also published
many papers alone. Their ‘‘wrap-
up’’ papers tended to be cited by
others in the same way that review
papers are now sometimes cited: as
surrogates for groups of papers that
characterize a particular research
front.

The first-author ‘‘problem’ in
citation analysis is partly an artifact
of the way SCI data is listed. To
print the names of all authors of
cited items would more than double
the size of the SCI—without signifi-
cantly increasing its value for infor-
mation retrieval. But the data on co-
authors is not lost, either in our
printed indexes or on our tapes. We
list only first authors in the citation
indexes. But in the source indexes
we include all co-authors of each
item, as well as a full bibliographic



description. Thus we have been
able to use our own source data
tapes from earlier years, in com-
bination with citation data tapes, to
compile all-author citation counts
for over 42 million source articles
indexed in the SCI from 1961 to
1976.

This new data, which we are just
now beginning to study, classifies
authors in six ways. It lists authors
by overall rank, by primary-author
rank, by secondary-author rank,
and alphabetically. A “‘residue’’ au-
thor ranking includes citations to
books and journal articles published
before 1961. And an alphabetic list-
ing is provided for the ‘‘residue’’
authors.

There are several important dif-
ferences between our new all-author
data and the data which we have
used in the past. First, of course, is
the fact that the all-author data
credits citations equally to all co-
authors of a given publication, not
just the first author. However, it
was not feasible for us to obtain and
process the names of all co-authors
of material published before 1961.
Citations to this material are in-
cluded in the ‘‘residue’ listing.
Thus, for example, since Lowry’s
classic paper was published in 1951,
his name appears only in the ‘‘resi-
due”’ listing. The same is true for
many Nobel laureates and other
eminent scientists whose significant
work was done in the forties and the
fifties.

One advantage of the all-author
data is that it will enable us to ac-
cour* for self-citations that previ-
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ously were difficult to detect.
Through a pattern of self-citation,
one large research group could
build up substantial citation counts
based on its own local invisible col-
lege. It would be convenient to
sociologists if such groups took on
pseudonyms like the famous
““mathematician’’ Bourbaki (actual-
ly a group), who appears in this list.
But the in-breeding that takes place
in science is often difficult to define.
When can we say that a particular
scientist has severed himself from
his *‘family’” and established a truly
new group? And how can we deter-
mine the true extent to which par-
ticular scientists have made an im-
pact on families of ‘‘offspring’’ sci-
entists working both at the ‘‘birth-
place”” and elsewhere? The all-
author data can simplify finding an-
swers to such questions.

What is the effect of using all-
author data to compile a list of most-
cited authors? Since this list is
based only on primary-author data,
we might expect some significant
changes when all-author data is
used. In fact, when we compared
these 250 authors with the 250
most-cited authors (overall) based
on all-author data, only 69 names—
28% of the total—were the same.

To conclude this series of edi-
torials, let me remind you that our
list of 250 most-cited primary au-
thors cannot be perfect or complete.
The omission of one author’'s name
has symbolized this lack of com-
pleteness. But what is most impor-
tant about this list is that we have
not had to be familiar with the work



of all the authors involved in order
to select them. We have not had to
read the authors’ works or consult
with their peers. Yet we have been
able to produce a list of individuals
who comprise a distinguished elite
among scientists.

I am well aware of the possible
failure of citation analysis in some
cases, particularly in those of less-
cited individuals. It is much easier
to quarrel with the ‘‘evaluation’” of
a poorly-cited individual than to
deny the reality of high citation im-
pact.

Of the one miilion or more au-
thors who have published between
1961 and 1975, we have looked at
the top two-and-a-half hundredths
of one percent. Considering the
elaborate apparatus, such as peer
review, needed to make selections
for grants, honors, and even em-

ployment and tenure, I think the
method we have used to construct
this list deserves further considera-
tion and refinement.

Basically, I regard myself as an
apolitical person. But life is politics
in one form or another, and politics
in science—as in other walks of
life—has its own peculiar set of in-
justices. Is there any way to mini-
mize these injustices? The mechan-
isms by which scientific recognition
is achieved are certainly political.
But so long as ability, insight,
talent, and genius are unevenly dis-
tributed among scientists, we
should try to insure that the political
system of science which grants re-
cognition is as fair and as demo-
cratic as possible. I believe that ci-
tation analysis can further that ob-
jective.
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