


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 .SC1from
1955 to 1975.

The present study is based on citation
data from the five-year CM(X cumula-
tion. The CMCI cumulation inclpdes
160,000 articles published from 1976 to
1980and 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 CMCZ cumula-
tion. But you should keep in mind that
these papers apparently are of high irr-
terest to math and computer scientists.

Table 1 lists the 100articles most cited
from 1976to 1980in 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’” ~
commentaries. They are indicated by
asterisks. The issue, year, and edition of
Current Contents@ (C@ ) 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 smalf 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
Ch4CZ. 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 identtiled 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 CMCI’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 1952in the Journal of Physi-
ology—London and was cited 2,400
times in SCI from 1%1 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 C.MC~ , 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 (“’l indicates that the article was the subiect of a Citation Clas.fic’” commentary.

No. 01
Cites
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170

134

93

104

85

88

85

216

141
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96
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tions are fully indexed in CMCI. Bio -
physical Journal is selectively covered in
CMCI, as isJournal 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. CMC~s multidisciplin-
ary coverage reffects 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 exampfe, D.W.
Marquardt. E.I. du Pent 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 non finear
models in both the sciences and social
sciences.. must be a factor in the cita-
tion history of this paper.”a 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; loumal, that publisbecf two c>rmore <>fIhe arttcle.
most cited from !TW19H() m <..WCI.

Journal Ardcks Journal Article,

Compul. J 6 Bell SysI, Tech 1, 2
Phys. Rc.. Lctt, b Ecwmmetricn 2
Phys. Le!t. B 5 IEEE Tram Automat 2
Phys, Re\ D—Parl, 5 Con!r.

Fields J. Amer Statl<t Awn 2
Ann Malh. 4 J Chem. Phys 2
Ann Math Statist ‘1 1, Roy. SIatI\t. S(>.. 2
~UCl, Phys. B 4 Ser. B Metho.
Psychometrika 4 JBhystc\ Rrp<ms C 2

AcIa Math. 2 F>roc. IEEE 2
Cmnm. ACM 3 R.> M<>d Phy,, 2
Cmmn. Pure APPI Malh 3 Technome(rmx 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.g A.E.
Hoerl, University of Delaware, Newark,
and R.W. Kennard, formerly of E.I. du
Pent 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. ” lo

Sixty-four institutions were listed in
the 100 most-cited CMCZ 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 SCI data.

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

‘able 3: J’he m,tntutional ,dfil!atmns !,f authors m de\ce. d-
mg order

Institution

[Princeton [Imv., NJ
[lm\. Cah]ornaa, CA

Berkeley (Jncl Los Al,!mosl
JJa>i\
Lo\ Angele~
San Diegc, at La Jolla

Bell Tel Labs., Murray Hall, NJ
Massachusetts Inw Technol

Cambridge, MA
llm$ Chvmgo IL

~htcqw
Ycrkc, (lhwr,.. Wdlmm, Bay, WI

1“?1 Ad.. SIudy, JJrmcelon. NJ
Acad. S,8 (ISSR

L D Lttndau 1..1 ‘Thrc>r Phys
Moscow

lnst H@rmfynam No>m,hm.k
CERN, Gc”e\a, S=,trerkmd
Cornell [In!, I!haca, NY
H~r\ard (Ini>., Cambridge, MA
E J. d. Pon[ de htmmurs,

Wilmlngtc>n, I)F,

IBM
San Jo\e RM l.ah CA
Wawm Rm Ctr b orkhwn llmght\

NY
Stanhwd lrnt\ CA
[lK Al<,mic I:nerg. Authc>rtty At<)m!c

Energy Res i’whl IAERFI,
Harxell, (IK

llni., Lomion, [lK

8mkbeck C(III
Imperial Coil S.! Tmhnol
1 ondo” Sch Econ. Polil SCI.

(Inm Wisconsin. Madison, WI
Hebrew (In,,., Jerusalem, lsmel
L.nd [lnm 5wcdm
Nc* York (Inn NY
Queen’s [In%,. Be[fas[, Nwthcm [re[a”d
[In!,. Dela* are, Newark, DE
[Ini$, Leed$, INK
[lni\, Maryland, college l>ark, Ml)
l’”i\, North Can>lma. Ch.tpel Ildl, NC
llni\, Texas, Au<ti.. TX
[l”iv. Tokyo. lap.”

Bolt Beranck and Newman, In.
Cam fmdge. MA

Bwokha,en NZII Lab Ilpkm, NY
Carnegte In\t. Technol Pttlsburgh, J>A

Ckwkson Co]]. Technol Pnt\dam, NY
CNRS, Ctr. J>hy\ ‘Theo.,

Marseille, Franc.
Constructors lohn Brow L[d..

Leatherhem, (IK
Cmchosh)\ak Acad. Sci Prague.

Cmchosh>vakm
J7mdhwen Ilni>. Twhnol

the Ne!htvland$
Fdn. Math. Clr., Am.ttwfam,

!he Ketheda”ds
Fermi Natl. Ac!celeralw Lab., Bata\m. 11
Free L]ni\ Bruwels, Belgmm
Inst. Math.. Leningrad. llSSR
Insl Statis! !4alh Tokyo Japan
low Slate I’m% Ames, 1A
Karlsruhc (’n,\ FR(;
Kyoto llnib., lapun
Math. So. France, Pttris, France
Narl VcgeI Res. SI.Ihon, Wwwck, [IK
Oxford (Iniv (IK
Poland Acad, Sci WarSaw, Polmd

Frequency

Io
8

j
1
1
1

h

6
5

1
5

4
3

I
4
4
4
3

.1

2
1

3
3

3
I
1
1

3
~
?

I

I
I
I
I

I

I

I

I

I
I
I
I
I
1
1
I

I
I
I
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Res. Inst. Ad,, Study, Baltimore, MD 1
Road and Bridge Central La b,, 1

Paris, France
Roy, Inst. Techm+,, Stockholm, Sweden 1
SIJNY Stony B,,,ok NY 1
Swiss Fed. Inst. Technol., 1

Zurich, Switzerland
Syracuse Llni%., NY t
Tel A\8v lJnn,, Ramat Aviv. Israel I
Uni~. Amwerdmn, the Netherlands 1
Univ. Bonn, FRG I
LJnm. Cambridge, UK 1
LJniv. Montpelier 11, France 1
LJniv. Paris VI. France 1
[Jniv P~ttsb.rgh, PA i
Univ. Stuttgart, FRG 1
Uni”. Utah, Salt Lake City, UT 1
lJniv. Utrecht, the Netherlands 1
Vanderbilt lJniv.. Nashville,TN 1
Yeshiva U“iv., New York, NY I

Table 4: Chronological distribution.

Years Articles

1940s 3
1950s 9
19t0s 40
1970s 48

1970s, all before 1977. Fort y papers were published
in the 1960s, nine in the 1950a, 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 vety frequently. For example, the
1@l books most cited from 1976 to 1980 in C.MC1re-
cei!,ed more than 32,CSX)citations. In comparison,
the 100 journal articles presented here received
12,003 citations, We’ll identify and discuss tbe most-
cited CMC1 books in a separate essay.

Sixteen authors in Table 1 were among the 2LXI
most-cited mathematicians in 1978-197!?.3Seven of
them received the Fields medal, an award compar-
able in prestige to the Nobel prize. 11They are. M, F,

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 F]elds medal since the first two
were awarded in 1936.

Six authors in Table 1 were alsu identified in a
study of the 1,000 most-cited authors in the 1965-
1978 SCI.12 All six are physicists: D.], 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 CMCf
papers have been commented on by their authors,
The majority of these papers qualify as Citation

Classics. Pending a more comprehensive citation
analysis of the math and computer science literature
covering the 3f3-year period from 1955 to date, we
will write to tbe 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
~h~sstudy, 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 hooks for 1981-1985.

● ✎✎☛✎

My thanks to Abigail W. Grissom and Al Well-

jams-Doro/ for their help in the prepamtion of this

essay C19M 1s1
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