


now provides direct access to 280,000
source articles from 1976 to date and the
three million references they cited. This
is in addition to coverage of mathemat-
ics and computer science in SCI from
1955 to 1975.

The present study is based on citation
data from the five-year CMCI cumula-
tion. The CMCI cumulation includes
160,000 articles published from 1976 to
1980 and the two million references they
cited. Of these 160,000 articles, about 70
percent were published in 300 “core”
math journals fully indexed in CMCI.
The remaining 50,000 articles were from
more than 3,000 journals selectively
covered in CMCI. Many of these non-
core articles were from applied physics
journals. Thus, we will find that a large
number of physics papers are among the
most-cited articles in the CMCI cumula-
tion. But you should keep in mind that
these papers apparently are of high in-
terest to math and computer scientists.

Table 1 lists the 100 articles most cited
from 1976 to 1980 in CMCI. The number
of citations each received is shown, fol-
lowed by full bibliographic information,
including the institutional affiliations of
the authors. Nineteen of these articles
were discussed in Citation Classics™ 7
commentaries. They are indicated by
asterisks. The issue, year, and edition of
Current Contents® (CC®) in which these
commentaries were published follow the
reference. A number symbol indicates
that the paper was one of the most-cited
math articles from 1961 to 1972.1 The
average paper in Table 1 received about
116 citations in the five-year period
1976-1980. Each article was cited at least
77 times. The most-cited paper received
245 citations.

The papers in this study were pub-
lished in 54 journals. Table 2 lists the
journals that published at least two of
these papers. The top eight journals ac-
count for 38 articles, and they received
4,300 citations. This represents 37 per-
cent of all 12,000 citations to the 100

most-cited CMCI articles. Thus, as ex-
pected, a small number of journals ac-
counts for the majority of high-impact
papers and citations.

It is significant that the Computer
Journal heads the list in Table 2, ac-
counting for six of the most-cited arti-
cles. While SCI has always extensively
covered the math literature, a systematic
effort was made to expand coverage of
the computer sciences literature in
CMCI. About 165 journals and book se-
ries never covered in SCI are fully in-
dexed in CMCI. Most of these newly in-
dexed publications are in the computer
sciences. Of the 100 most-cited CMCI
articles identified here, about 20 are
related to various problems in computer
science research—algorithms for auto-
matic computation, programming lan-
guages, system design, etc.

About 35 physics papers are included
in this study. Most of these deal with
gauge theories, a mathematical system
for describing the four known forces of
nature. As explained above, CMCI se-
lectively covers many math-dependent
journals. The selection algorithm ex-
pands CMCT's coverage of the literature
of interest to math and computer scien-
tists. This includes not only physics but
also engineering, psychology, econom-
ics, and medical journals.

For example, A.L. Hodgkin and A.F.
Huxley, University of Cambridge and
University College, London, England,
respectively, coauthored a method for
measuring current, conduction, and ex-
citation in squid nerves. The paper was
published in 1952 in the Journal of Physi-
ology—London and was cited 2,400
times in SCI from 1961 to 1983. It re-
ceived about 120 citations between 1976
and 1980 in CMCI. Five journals ac-
count for half of these CMCI citations:
Biological Cybernetics, Bulletin of
Mathematical Biology, Journal of Math-
ematical Biology, Mathematical Biosci-
ences, and Biophysical Journal. Except
for the last journal, all of these publica-
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Table 1: The 100 articles most cited in 1976-1980 CMC/® , in alphabetic order by first author. A number
symbol (#) indicates that the article also was one of the most-cited math publications in 1961-1972. An
asterisk (*) indicates that the article was the subject of a Citation Classic™ commentary.

No. of
Cites
128

170

134

93

85

88

85

216

141

77

96

93

123

232

86

82

245
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78

77

88

83
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tions are fully indexed in CMCI. Bio-
physical Journal is selectively covered in
CMCI, asis Journal of Physiology—Lon-
don. Clearly, math is a universal lan-
guage used by researchers in all fields of
science and the social sciences—phys-
ics, chemistry, biology, psychology,
economics, etc. CMCI's multidisciplin-
ary coverage reflects the extensive appli-
cation of mathematical and computer
methods in many fields.

Pure and applied math papers are also
well represented in Table 1, accounting
for about 45 of the papers listed. Inter-
estingly, the authors of these math pa-

pers reiterate the point made here that
researchers in other fields find their re-
search very useful. For example, D.W.
Marquardt. E.I. du Pont de Nemours &
Co., Wilmington, Delaware, described
an algorithm for least-squares estima-
tion of nonlinear parameters. In a Cita-
tion Classic commentary, Marquardt
said, “The growing use of nonlinear
models in both the sciences and social
sciences...must be a factor in the cita-
tion history of this paper.”8 E.L. Kaplan,
now at Oregon State University, Cor-
vallis, and Paul Meier, University of
Chicago, devised a formula for nonpara-
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Table 2: Journals that published two or more of the articles
most cited from 1976-1980 in CMCI™.

Journal Articles  Journal Articles
Comput. J. 6 Bell Syst. Tech. J, 2
Phys. Rev. Lett. 6 Econometrica 2
Phys. Lett. B 5 IEEE Trans. Automat. 2
Phys. Rev. D—Part, 5 Contr.

Fields J. Amer, Statist. Assn. 2
Ann. Math. 4 ]. Chem. Phys. 2
Ann. Math. Statist. 4 1 Roy. Statist. Soc. 2
Nucl. Phys. B 4 Ser. B Metho.
Psychometrika 4 Physics Reports C 2
Acta Math, 3 Proc. IEEE 2
Comm. ACM 3 Rev. Mod. Phys. 2
Comm. Pure Appl. Math. 3 Technometrics 2

metric estimation from incomplete ob-
servations. Kaplan commented that the
formula can be applied to problems as
diverse as the duration of cancer cells
and the lifetimes of vacuum tubes.9 A E.
Hoerl, University of Delaware, Newark,
and R.W. Kennard, formerly of E.I. du
Pont de Nemours & Co., explained that
their procedure of ridge regression in bi-
ased estimation for nonorthogonal prob-
lems “pointed out and gave reasons for
difficulties in multiple linear regression,
a data analysis used in many fields.”10

Sixty-four institutions were listed in
the 100 most-cited CMCI articles. They
are shown in Table 3. Authors based at
US institutions were listed in 62 papers.
UK researchers contributed 13 articles.
Switzerland and the USSR were listed in
five papers each. France, Japan, and the
Netherlands follow with four papers
each; Federal Republic of Germany,
Israel, and Sweden, three each; and Bel-
gium, Czechoslovakia, and Poland, one
each.

In a larger population of papers, a
number of interesting variables could be
analyzed and compared for institu-
tions—impact, or average number of
times a given institution’s articles were
cited; efficiency, or the percentage of its
output that was cited and uncited; de-
gree of self-citation, etc. In the future,
we'll present a series of institutional cita-
tion analyses based on SC/ data.

Table 4 gives the publication year dis-
tribution for the 100 articles in this
study. Almost half were published in the

Table 3: The institutional affiliations of authors in descend-
ing order.

Institution Frequency

Princeton Univ., NJ 10
Univ. California, CA 8
Berkeley tfnci. Los Alamos}
Davis
Los Angeles
San Diego at La Jolla
Bell Tel. Labs., Murray Hill. NJ 7
Massachusetts Inst. Technol., 6
Cambridge, MA
Univ. Chicago. IL o
Chicago 5
Yerkes Obsery., Williams Bay, W1 1
Inst. Adv. Smudy, Princeton. NJ 5
Acad. Sci. USSR 4
L.D. Landau Inst. Theor. Phys., 3
Moscow
Inst. Hydrodynam., Novosibirsk 1
CERN, Geneva, Switzerland
Cornell Univ., Ithaca, NY
Harvard Univ., Cambridge, MA
E.I. du Pont de Nemours,
Wilmington, DE
1BM 3
San Jose Res. Lab.. CA 2
Watson Res. Ctr., Yorktown Heights, !
NY
Stanford Univ,, CA 3
UK Atomic Energy Authority. Atomic 3
Energy Res. Establ, |AERE),
Harwell, UK
Univ, London, UK 3
Birkbeck Coll. 1
Imperial Coll. Sci. Technol. 1
London Sch. Econ, Polit. Sci. !
Univ. Wisconsin. Madison, Wi
Hebrew Univ., Jerusalem, Israel
Lund Univ., Sweden
New York Univ., NY
Queen's Univ. Belfast, Northern [reland
Uniyv. Delaware. Newark, DE
Univ, Leeds, UK
Univ. Maryland, College Park, MDD
Univ, North Carolina. Chapel Hill, NC
Univ, Texas, Austin, TX
Univ. Tokyo, Japan
Bolt Beranek and Newman, Inc..
Cambridge. MA
Brookhaven Nall, Lab., Upton, NY
Carnegie Inst. Technol., Pittsburgh, PA
Clarkson Coll. Technol., Potsdam, NY
CNRS, Ctr. Phys. Theor.,
Marseille, France
Constructors John Brown Lid.. 1
Leatherhead, UK
Czechoslovak Acad. Sci., Prague, 1
Czechoslovakia
Eindhoven Univ. Technol.. 1
the Netherlands
Fdn. Math. Cir., Amsterdam, 1
the Netherlands
Fermi Natl. Accelerator Lab., Batavia. 1L
Free Univ. Brussels, Belgium
Inst. Math.. Leningrad. USSR
Inst. Statist. Math., Tokyo, Japan
Iowa State Univ., Ames, 1A
Karlsruhe tUniv., FRG
Kyoto Univ., Japan
Math. Soc. France, Paris, France
Natl. Veger. Res. Station, Warwick, UK
Oxford Univ.. UK
Poland Acad. Sci., Warsaw, Poland
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Res. Inst. Adv. Study, Baltimore, MD 1

Road and Bridge Central Lab,, H
Paris, France

Roy. Inst. Technol., Stockholm, Sweden 1

SUNY, Stony Brook, NY 1

Swiss Fed. Inst. Technol., 1

Zurich, Switzerland
Syracuse Univ., NY
Tel Aviv Univ., Ramat Aviv, Israel
Univ. Amsterdam, the Netherlands
Univ. Bonn, FRG
Univ. Cambridge, UK
Univ. Montpellier 11, France
Univ. Paris VI, France
Univ. Pittsburgh, PA
Univ. Stutigart, FRG
Univ. Utah, Salt Lake City, UT
Univ. Utrecht, the Netherlands
Vanderbilt Univ., Nashville, TN
Yeshiva Univ., New York, NY

Table 4: Chronological distribution.

Years Articles
1940s K]
1950s 9
1960s 40
1970s 48

1970s, all before 1977. Forty papers were published
in the t960s, nine in the 1950s, and three in the
1940s. Before we draw conclusions on the median
age of the most-cited publications in CMCI, high-im-
pact books also have to be considered. Mathemati-
cians cite books very frequently. For example, the
100 books most cited from 1976 to 1980 in CMC/ re-
ceived more than 32,000 citations. In comparison,
the 100 journal articles presented here received
12,000 citations, We'll identify and discuss the most-
cited CMCI books in a separate essay.

Sixteen authors in Table 1 were among the 200
most-cited mathematicians in 1978-1979.3 Seven of
them received the Fields medal, an award compar-

Atiyah, A. Connes, C. Fefferman, A. Grothen-
dieck, L. Hormander, J.W. Milnor, and S. Smale.
The Fields medal is awarded every four years by the
International Mathematical Union. The medal is in-
tended to honor mathematicians under age 40 for
their outstanding achievements. Only 27 mathema-
ticians have won the Fields medal since the first two
were awarded in 1936.

Six authors in Table 1 were also identified in a
study of the 1,000 most-cited authors in the 1965-
1978 SCI.'2 All six are physicists: D.J. Gross, R.
Jackiw, B.W. Lee, S. Weinberg, K.G. Wilson, and
B. Zumino. In addition to Weinberg and Wilson,
four other authors on the list are Nobel laureates. S.
Chandrasekhar and C.N. Yang won the prize for
physics in 1983 and 1957, respectively. Hodgkin and
Huxley were awarded the prize for physiology or
medicine in 1963.

As stated earlier, 19 of the most-cited CMC/
papers have been commented on by their authors,
The majority of these papers qualify as Ciration
Classics. Pending a more comprehensive citation
analysis of the math and computer science literature
covering the 30-year period from 1955 to date, we
will write to the authors and invite them to comment
on their classic publications. In making these selec-
tions we can, and do, rely on data for individual
journals. The most-cited articles for each journal
may be chosen regardless of their absolute citation
counts.

This concludes our discussion of the most-cited
papers in the 1976-1980 CMCI. In a continuation of
this study, we will analyze the most-cited books for
the same period. In a few years, we'll follow up these
studies by identifying a new crop of most-cited arti-
cles and books for 1981-198S,

My thanks to Abigail W. Grissom and Al Well-
jams-Darof for their help in the preparation of this

able in prestige to the Nobel prize. 11 They are: M.F. essay 21984 IS
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