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Over 30 years after his death, Albert
Einstein’s work continues to be cited by
researchers. In 1984 alone, researchers
and scholars cited 137 of his works in 336
of their articles. Einstein is but 1 of 250
primary authors whose books and arti-
cles were cited at least 448 times accord-
ing to the 1984 Science Citation Index®
(SCI®). For this first part of a two-part
essay, we compiled the 250 most-cited
primary authors for 1984 (see Table 1).
We then identified the 180 “new” names
in this list, using as a baseline an earlier
study of the SCI covering the 15-year pe-
riod 1961-1975.1 Table 1 includes the
1984 citations for all 250 authors and, for
comparison’s sake, the 1975 counts for
the authors who appeared in the earlier
study.

In this essay, notwithstanding a cer-
tain ambiguity in the term, “primary” au-
thors are either sole authors of papers or
books or the first of several authors list-
ed in bylines. In the second part of this
essay we will list the most-cited book or
paper for each of the 180 new authors.
Most of the publications by authors who
work alone are books, as is also often the
case for review articles. Many of the
journal articles have multiple authors. It
is interesting to note that in previous
Current Contents® (CC®) studies we
found that mathematicians cite books
more frequently than articles;2.3 this is
also true for social scientists.4 But an
analysis of most-cited SCI items demon-
strated that researchers working in fields
covered in that index cite articles four
times as often as books.2.5

Long before the SCI began, the ma-
jority of active researchers knew that the
first author listed on a paper was not al-
ways the one who contributed the most
to the work. When we compiled the first
SCIin 1961, Irv Sher and I agonized over
the economics of including all the au-
thors listed on each cited work. We
eventually decided to use just first au-
thors, but now, 25 years later, we are
examining the possibilities of marketing
an electronic version of the Citation In-
dex section of the SCI, searchable by all
authors. T'll elaborate on this develop-
ment later.

Creating the List

For this study we counted all the cita-
tions to each name listed in the Citation
Index section of the 1984 SCI and then
ranked the names by frequency. We lim-
ited our analysis to the top 250 names.
This arbitrary threshold was selected
simply to reduce the work to manage-
able proportions and to make it usefully
comparable to our earlier study.

Identifying the names was not a simple
matter of reading a computer printout,
however. Eliminating homographs re-
quired detailed examinations of bio-
graphical sources to check the addresses
and fields for each author. Fortunately,
the work we had done in earlier studies,
such as the 1,000 contemporary scien-
tists most cited 1965-1978,6 made this
task significantly easier.

The “New” Authors

The 180 new primary authors are the
focus of this essay. Many of their 1984 ci-
tation counts surpass those of the older
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scientists who appeared previously.! For
example, UK. Laemmli, University of
Geneva, Switzerland, and M.M. Brad-
ford, Department of Biochemistry, Uni-
versity of Georgia, Athens, each had
over 2,500 citations. And 17 new au-
thors, listed in Table 2, were cited over
1,000 times in 1984 alone.

Of these highly cited new authors,
Frederick Sanger (UK) was awarded the
Nobel Prize in chemistry twice. He was
honored first in 1958 for determining the
molecular structure of insulin, and more
recently in 1980 with Paul Berg and Wal-
ter Gilbert of the US for developing
methods to map the structure and func-
tion of DNA. Linus Pauling (US), who
appeared in the older study! and is listed
here in Table 1, also received the Nobel
Prize twice: in 1954 for chemistry for the
study of the forces that hold together
protein and other molecules, and in 1962
for peace for his work towards interna-
tional control of nuclear weapons and
against nuclear testing.

Thirteen percent of the 250 authors
listed are Nobelists. The Nobel Prize, in-
cidentally, was originally supposed to be
awarded for research performed the pre-
ceding year. However, as I mentioned
last week in Current Comments®,7 the
1985 Nobel Prize in chemistry was won
by Herbert A. Hauptman and Jerome
Karle for work first done in 1953.8 Were
that original dictum still followed, our
annual studies of most-cited papers
would have more relevance.

Many of the new authors have already
achieved recognition, or soon will, in the
various citation studies we publish every
year. For example, J. Ellis, European
Organization for Nuclear Research
(CERN), Geneva, Switzerland, has six
articles in our upcoming study of 1984
physical-sciences articles most cited in
1984 and 1985. G. Arnison, CERN, also
appears in that study as the first author
of several papers coauthored with Carlo
Rubbia, a 1984 Nobel Prize winner in
physics. And E. Witten, Joseph Henry
Laboratories, Princeton University,

New Jersey, has three papers in the 1984
physical-sciences study in addition to
appearing here in Table 1. Our study of
1983 chemistry articles most cited in
1983, 1984, and 1985, to be published at
the end of this year, includes papers by
three most-cited primary authors: A.
Bax, Department of Chemistry, Col-
orado State University, Fort Collins;
W.A. Herrmann, Institute for Inorganic
Chemistry, University of Frankfurt,
Federal Republic of Germany (FRG);
and D. Seebach, Organic Chemistry
Laboratory, Swiss Federal Institute of
Technology, Zurich.

The essay on 1984 life-sciences papers
will list papers by M.J. Berridge, Depart-
ment of Zoology, University of Cam-
bridge and AFRC, Unit of Insect Neuro-
physiology and Pharmacology, UK;
A.S. Fauci, Clinical Center, National In-
stitutes of Health (NIH), Bethesda,
Maryland; and R.C. Gallo, National
Cancer Institute (NCI), NIH. The latter
two authors are involved in acquired im-
munodeficiency syndrome (AIDS) re-
search. The Gallo team was recently in-
volved in a dispute with the French team
of AIDS researchers headed by L. Mon-
tagnier, Pasteur Institute, Paris, France,
over who first discovered the virus that
causes AIDS.9 Both research team
leaders were recently named winners of
the 1986 Albert Lasker awards for
medical research and public service,
along with Myron Essex, chairman,
Department of Cancer Biology, Harvard
School of Public Health, for their work
in AIDS.10

Montagnier and colleague F. Barré-
Sinoussi, also at the Pasteur Institute,
are not included in Table 1 because they
did not receive the 448 first-author cita-
tions needed for inclusion. Seventeen
first-author articles by Montagnier were
cited a total of 70 times in 1984; in 1985
Montagnier received 102 citations.
Barré-Sinoussi appeared as primary au-
thor on three articles that were cited 184
times in 1984. In 1985 she received 377
citations. The most-cited paper for both
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Table 1: The 250 primary authors most cited in the 1984 SCI/®. Asterisks (*) indicate that the authors
appeared in a previous CC® study of the 1,000 contemporary scientists most cited in the 1965-1978 SCI.
Nobel Prizes awarded are shown for chemistry (C), physics (P), and physiology or medicine (M).
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authors is a 1983 Science article entitled
“Isolation of a T-lymphotropic retro-
virus from a patient at risk for ac-
quired immune deficiency syndrome
(AIDS).”!1 In 1983 it was cited 27 times;
in 1984, 146; and in 1985, 362. Essex
does not appear in Table 1 either. His
most-cited work was also published in
Science in 198312 and was cited 251
times from 1983 to 1985. His total 1984
citations were 240; in 1985 this number
was 161. These examples are but a few
that can be discussed to show how in-
consistent first- or primary-author data
can be.

Sixty-eight articles by J.L. Goldstein,
Departments of Molecular Genetics and
Cell Biology, University of Texas Health
Science Center, Dallas, received over
800 total citations in 1984. Goldstein
received the Nobel Prize in physiology
or medicine in 1985 with M.S. Brown,
Department of Internal Medicine, also
at the University of Texas Health Sci-
ence Center, for their work on cholester-
ol.13 Sixty-six of Brown's papers were
quoted 670 times in 1984. R. Guillemin,
Salk Institute for Biological Studies, La
Jolla, California, is also a recent Nobel
recipient. His work with A.V. Schally in-
vestigating the role of hormones in body
chemistry was acknowledged by award

of the prize for physiology or medicine
in 1977. R.S. Yalow shared this prize
with them for work in this same area.
Table 1 lists 43 works by Guillemin that
were cited over 450 times in 1984,

Many of the authors in this study per-
form research in the life sciences. This is
often the case in citation-based studies
because of the amount of publication in
those disciplines. Also, the average bio-
medical or biochemistry paper tends to
give out more references than the typical
physical-sciences article. Of course, Ta-
ble 1 also includes authors from the
physical sciences, chemistry, and sever-
al smaller fields such as statistics (P. Ar-
mitage, Department of Biomathematics,
University of Oxford; G.W. Snedecor,
Department of Statistics, Harvard Uni-
versity, Cambridge, Massachusetts),
crystallography (C.K. Johnson, Oak
Ridge National Laboratory, Tennessee),
atomic energy (C.E. Moore, Atomic and
Molecular Physics Division, National
Bureau of Standards [NBS], Washing-
ton, D.C.), and psychology (S. Siegel,
Department of Psychology, Pennsylva-
nia State University, University Park).
Much of psychology is traditionally
covered in the Social Sciences Citation
Index® (SSCI®), but experimental psy-
chology appears in the SCI.
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Table 2: Authors not included in the previous primary-authors study who were cited over 1,000 times in the
1984 SCI*®. Names are listed alphabetically. Asterisks (*) indicate authors who received these citations
from over 1,000 articles in 1984.

Author and Affiliation

*A. Boyum, Division of Toxicology, Norwegian Defense Research Establishment, Kjeller, Norway

*M.M. Bradford, Department of Biochemistry, University of Georgia, Athens

P.G. deGennes, Solid State Physics Laboratory, College of France, Paris

1. Ellis, European Organization for Nuclear Research (CERN), Geneva, Switzerland

T. Hokfelt, Department of Histology, Karolinska Institute, Stockholm, Sweden

*U.K. Laemmli, University of Geneva, Switzerland

*T. Maniatis, Harvard University, Cambridge, Massachusetts

*A.M. Maxam, Department of Biochemistry and Molecular Biology, Harvard University

*P.H. O'Farrell, Department of Molecular, Cellular, and Developmental Biology, University of
Colorado, Boulder

*E.L. Reinherz, Division of Tumor Immunology, Sidney Farber Cancer Institute, Boston, Massachusetts

*P.W.]. Rigby, Department of Biochemistry, Stanford University Medical Center, California

*F. Sanger, MRC Laboratory of Molecular Biology, Cambridge, UK

*G.M. Sheldrick, University of Cambridge, UK

*S. Siegel, Department of Psychology, Pennsylvania State University, University Park

*R.R. Sokal, Department of Entomology, University of Kansas, Lawrence

*E.M. Southern, Department of Zoology, University of Edinburgh, Scotland

*L.A. Sternberger, Johns Hopkins University School of Medicine, Baltimore, Maryland

*H. Towbin, Friedrich-Miescher Institute, Basel, Switzerland

B.M. Trost, Department of Chemistry, University of Wisconsin, Madison

dramatically. For example, the number
of times the work of G. Scatchard, Mas-
O.H. Lowry, School of Medicine, sachusetts Institute of Technology,
Washington University, St. Louis, Mis- Cambridge, was referenced more than
souri, was the most-cited author in the doubled from 1975 to 1984, from 500 ci-
previous study of primary authors, with tations to 1,200. Other authors with sig-
58,000 citations from 1961 to 1975. In nificant increases include M. Abramo-
1975 he was cited 7,600 times. Thirty- witz, Commerce Department, NBS; E.J.
five years after the publication of his | Corey, Department of Chemistry, Har-
1951 paper, !4 it and 94 of his other first- | vard University; D.B. Duncan, Depart-
authored works were cited nearly 11,000 ment of Biostatistics, Johns Hopkins
times by nearly the same number of arti- University; P.J. Flory, Department of
cles. The 1951 paper received 10,350 of | Chemistry, Stanford University, Califor-
these. We have discussed Lowry's meth- nia; A.R. Katritzky, Department of
odological research papers many times | Chemistry, University of Florida,
in previous essays. Since his uniquely | Gainesville; Snedecor; R.G.D. Steel,
high citation count skews the calculation | Department of Statistics, North Carolina

Other Authors and General Statistics

of average citation frequency for au- State University, Raleigh; S. Weinberg,
thors in Table 1, we deleted it from that | Department of Physics, University of
computation. This results in an average, Texas, Austin; and Y.B. Zeldovich, In-

or mean citation frequency, of 722 and a stitute for Physical Problems, Academy
median frequency of 445. For all cited | of Science of USSR, Moscow.
authors in the 1984 SC/ the average was First-author citations to P. Cuatrecas-
eight. as, Wellcome Research Laboratories,
The correlation is high between 1975 | Burroughs Wellcome Company, Re-
and 1984 citations for the authors who | search Triangle Park, North Carolina,
appeared in the previous study. Cita- | on the other hand, dropped from over
tions to 51 of these 70 authors increased | 1,060 in 1975 to 500 citations in 1984.
from 1975 to 1984, in some cases rather | Fifty-seven of his papers were cited in
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1984 compared to 79 in 1975. References
to E.S. Reynolds, Department of Pa-
thology, University of Texas Medical
Branch, Galveston, also decreased sig-
nificantly, but about the same number of
papers were cited in 1975 and 1984. In
contrast, J. Chatt, School of Chemistry
and Molecular Sciences, University of
Sussex, Brighton, UK, received nearly
the same number of citations—about
520—in 1975 and 1984 as did D.H.R.
Barton, Institute of Chemistry of Natural
Substances, CNRS, Gif-sur-Yvette,
France; H.O. House, Department of
Chemistry, Georgia Institute of Tech-
nology, Atlanta; C.K. Jorgensen, Miner-
al Analytical and Applied Chemistry De-
partment, University of Geneva, Swit-
zerland; O. Ouchterlony, Department of
Bacteriology, University of Gothen-
burg, Sweden; and K. Weber, Max
Planck Institute for Biophysical Chemis-
try, Gottingen-Nikolausber, FRG.

Note that the entire SCI database in-
creased nearly 60 percent from 1975 to
1984, In 1975 we processed nearly
5,500,000 cited references—in 1984,
8,777,000. (The 250 authors in this study
received about 191,000, or 2 percent, of
these references.) The number of unique
cited primary authors rose from the
772,500 listed in the 1975 SCI to
1,070,000 in 1984. (The 250 authors rep-
resent 0.02 percent of these.)

The number of source items indexed
in the 1984 SCI totaled approximately
570,000; there were 4,440,000 unique
cited items. In 1975 these figures were
418,900 and 3,006,000, respectively. In-
cidentally, the ratio of citations, or ref-
erences, given out each year to the num-
ber of different items cited by those ref-
erences, also known as Garfield’s “con-
stant,” was 2.0 in 1984 and 1.8 in 1975.
This figure has, in general, been slowly
rising since we first calculated it in the
1964 SCI. That year it was 1.7.15

Unique Citing Articles
In addition to 1975 and 1984 citations,
Table 1 also lists the number of 1984 arti-

cles that cited each author's works.
These unique citing articles, listed in the
second column, frequently differ signifi-
cantly from the number of 1984 citations
because they indicate how many articles
cited an author. A researcher’s work has
probably had greater impact on other
scientists if that work has been cited by
many different sources rather than many
times by just a few sources. Remember
that a single review article may cite doz-
ens of papers by an author prominent in
a particular field. So, in some respects,
the citing article’s impact may tell us
more about the breadth of an author’s
impact on other scientists and fields. In
some cases it may simply reflect the use
of a particular method. For example,
Laemmli received 5,850 citations from a
nearly identical number of papers that
primarily cited a single paper published
in 1970. It will be discussed in Part 2 of
this essay.

The approximately 2,540 citations to
Bradford also came from about the same
number of items and were given out to
just 20 different articles. In contrast, 188
papers by Ellis received over 1,020 cita-
tions from nearly 480 articles. And the
92 cited articles by Herrmann received
over 490 citations in 1984, but he was ac-
tually cited in only 127 separate papers.
These differences may be less important
in the natural sciences, but in the hu-
manities these distinctions are crucial.
And in all fields they provide a different
perspective on the number of scholars
influenced by the author in question.

Lowry was cited in the largest number
of articles in 1984—over 10,880—while
Herrmann's 127 is the lowest in Table 1.
When we ranked the primary authors by
the number of articles that cited them in
1984 rather than the total citations they
received that year, we observed that 884
authors were cited by at least 127 arti-
cles. Had we selected the top 250 pri-
mary authors by citing articles, the cut-
off would have been 336. Einstein just
meets this cutoff point. But 54 of the
names in the table in this essay, includ-
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ing 48 new ones, drop below this thresh-
old, including Arnison; Gallo; H.
Georgi, Physics Department, Harvard
University; V.V. Korshak, USSR Acad-
emy of Sciences, Moscow; M. Nei,
Center for Demographic and Population
Genetics, University of Texas, Houston;
and V.E. Zakharov, Institute of Hydro-
dynamics, USSR Academy of Sciences,
Novosibirsk. Some of the names that
move up into the listing of the 250 with
the greatest number of 1984 citing ar-
ticles are D.I. Arnon, Department of
Cell Physiology, University of Califor-
nia, Berkeley; R.W. Davis, Department
of Biochemistry, Stanford University;
1.S. Gradshteyn, Soviet mathematician;
L. Onsager, Sterling Chemistry Labora-
tory, Yale University, New Haven, Con-
necticut; J.G. Sutcliffe, Department of
Cellular and Developmental Immunolo-
gy, Scripps Clinic and Research Founda-
tion, La Jolla, California; M.H. Julius,
Department of Genetics, Stanford
University School of Medicine; and
A.G. Gornall, Department of Clinical
Biochemistry, University of Toronto,
Canada, to name a few.

Name-Ordering Patterns

Before I conclude this first part of our
primary-authors study, I would like to
acknowledge the problems of using pri-
mary-author data. Name ordering on pa-
pers is a topic that many scholars have
discussed. For example, in 1968 Harriet
A. Zuckerman, Department of Sociolo-
gy, Columbia University, New York, dis-
cussed patterns of name ordering among
Nobel Prize winners in an article aptly
subtitled “A study of social symbolism
and its ambiguity.” She found that with
respect to multiple-authored scientific
papers, different methods for ordering
names had presumably evolved as at-
tempts to lessen the ambiguity in assign-
ing credit. The alphabetic order of list-
ing names was one increasingly popular
pattern;16 it was already a traditional se-
quence long followed in the UK.17.18

Zuckerman also found that occupying
visible positions in name-ordering se-
quences was more important to younger
scientists, who were still relatively un-
known, than to older, established sci-

entists, particularly Nobelists whose
names were already familiar to their col-
leagues. 16

If scientists appear less often as pri-
mary authors as they advance in their ca-
reers, and this seems to be true of bio-
chemists according to a 1980 study,!9
they may be overlooked in lists such as
Table 1. For example, Sheldon Glash-
ow, Lyman Laboratory of Physics, Har-
vard University, a 1979 Nobelist in phys-
ics, does not appear in the list, but he
has, nevertheless, coauthored many
highly cited works, one of which ap-
peared in our recent study of the 1,000
most-cited SCI papers, 1961-1982.20
And he is a coauthor on the most-cited
paper of Georgi, who does appear in
Table 1. His most-cited paper will be
listed in Part 2 of this essay. Of course
some senior authors may be unaffected
by this problem because they publish
enough highly cited articles by them-
selves in addition to those in which they
appear as coauthors.

Conclusion

In the near future we plan to aggre-
gate citations to all authors listed on pa-
pers by creating an International Sci-
ence Indicators Database. It will unify
the 30 years of source publications cov-
ered by the SCI, SSCI, and Arts & Hu-
manities Citation Index™ (A& HCI™),
This statistically oriented database will
list all the authors of a paper, their insti-
tutional addresses, the journal that pub-
lished the paper, the full title of the arti-
cle, field and area of specialty of the arti-
cle, and its citation counts for each year
since 1955. This 30-year file will be fully
searchable by the categories listed
above, including all authors, thus en-
abling us to identify most-cited authors
regardless of the positioning of their
names on papers.

3563



Until that database is a reality, howev-
er, it is still useful and interesting for us
to identify a sample of prominent
primary authors and their most-cited
works; the latter will be listed in Part 2 of
this essay.

APPENDIX

We remind readers that the Source In-
dex section of the SCI does include all-
author data. We cannot include this in-
formation in the Citation Index section
because it would triple the size of this
already lengthy bibliographic tool. How-

ever, searching the SCI, SSCI, and
A& HCI using the all-author approach is
now possible with ISI®’s Automatic Sub-
ject Citation Alert (ASCA®). This cus-
tomized current-awareness  service
searches the current journal literature
for every new item related to a subscrib-
er's interests. I discussed this enhance-
ment to ASCA in a 1985 essay.2!

My thanks to Abigail W. Grissom and
Janet Robertson for their help in the

preparation of this essay. ©1986 151
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