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When I fust reported to Current Gmterrts@
readers that ISI@had compiled the Science
Cifatkm hdexm (SCF’ ) cumulation for
1945-1954, I indicated that it would serve
well the growing community of science
historians. 1 Indeed, the cumulation has
enabled us for the first time to identi@ the
most-cited publications in the postwar
decade, a crucial time of rapid growth and
development in science and technology.

Last year Bernard Dixon, contributing
editor to Biotechnology and former editor
of New Scientist, discussed the 102 life-
sciences papers that were highly cited dur-
ing this petiod.2.3 More recently, the 52
most-cited physical-sciences publications in
the 1945-1954 SCI were examined by
Stephen G. Brush, Department of History
and Institute for Physical Science and Tech-
nology, University of Maryland, College
Park.q Since virtually all of these Citation
Classicsm were in chemistry and physics,
he requested additional lists of high impact
works in mathematics, astronomy, and the
earth sciences. In the essay that follows,
Brush continues his discussion by examining
the 20 most-cited mathematics papas. Next
week, he will conclude with a look at 42
Cifation Cfassics in astronomy and the
earth sciences.

Brush raises a question that often comes
up whenever we publish undifferentiated
lists of papers ranked by citations: Are these
most-cited articles the most “influential”?
We have consistently and repeatedly stated
that citations alone do not necessarily in-
dicate importance, quality, or influence. We
instead prefer to use the more neutral term

“impact.” That is, citations simply indicate
that the cited work has been used in some
way by the author referring to it. It would
be simplistic, if not absurd, to argue that the
importance of research can be measured
solely on the basis of citation frequencies
and ranks thereof.

Brush attempts to answer this question by
comparing the lists of most-cited articles
with subjectivejudgments, such as the award
of prestigious prizes, or the opinions of
historians of science. As he noted in the first
part of his essay, 48 percent of the most-
cited physics publications included an author
who had won the Nobel Prize. For the high
impact chemistry publications, this figure
was 40 percent.’4However, he alsQobserves
that these were not necessarily the works for
which the authors were honored by the
prize, a point I have stated previously.s

For the 20 most-cited mathematics articles
presented here, Brush uses the Fields Medal
as an independent measure of’ ‘influence. ”
The Fields Medal is awarded qmdrermially
by the International Congress of Mathemati-
cians and is widely regarded as equivalent
in prestige to the Nobel Prizes. Brush found
that no Fields Medal winners were among
the authors of these 20 high impact mathe-
matics articles. On this basis, he concludes
that “the most-cited publications in mathe-
matics do not contain the most important
research, ” and that “the most important
research in mathematics, as judged by
awards of the Fields Medal, is not highly
cited. ”

This conclusion is perhaps premature
since it is based on a rather small sample

376



Tabk 1: Tbe top 100 mathematics mcm$cited la 1978 and 1979. Asterisks (*) indicae Fields Medsl winners.
A=cifations from themab axe jcw-nsls in 1978 and 1979. B-fold cimtiom fmm SCF jcwds in 1978 and 1979.
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ogy.st 20 most-cited journal articles. A more
adequate- sample would be on the order of
1,00@1,500 articles. But even this might not
be sufficientunless books were also included.
During the period examind here, 1945-1954,
books may have km equally or more im-
portant than journals as a means of com-
municating mathematical research.

An alternative approach would be to ex-
amine a list of most-cited authors rather than
highest impact publications to see whether
Fields Me&1 winners are highly cited. In
1982 we identified the 200 “pure” mathe-
maticians who were most cited in 1978 and
1979.6 Through 1978, 24 individurds had
received the Fields Medal. Fifteen of them
(63 percent) appeared on the list of 200
most-cited mathematicians. They are iden-
tified by asterisks in Tables 1 and 2, which
are reprint+ from that study.

Another author on *e list, Alain Cormes,
Institut des Hautes Etudes ScientMques,
Bures-sur-Yvette, France, won the Fields
Medal in 1982. Including Connes, the 16
Fields Medal winners were cited 3,137 times
in a set of 64 “core” mathematics journals
and 4,335 times in all SCljournrtls in 1978
and 1979. Thus, the average rtunhr of
citations per author was 1% and 271, re-
spectively. In comparison, the 187 non-
Fields winners received 22,578 core mathe-
matics citations and 38,281 all SC1citations,
yielding per author averages of 121 and 205,
respectively. These data indicate that Fields
Me&1 wimers are indeed highly cited and
have higher average impacts than the non-
winners.

It is worthwhile to note a few limitations
of the Fields Medal. The judges tend to limit
awards to mathematicians who are no more
than 40 years old. Theoretically, those who
make major contributions to mathematics in
later life would not necessarily be recog-
nized by a Fields Medal. This is in contrast

to the Nobel Prizes, for which researchers
are eligible throu@out their lifetimes.

Also, the Fields Medal judges might
sometimes seem to make arbitrary decisions
on who is a “mathematician.” This was
most recently illustrated in the 1990 awards.
Shigefumi Mori, Research Institute of Math-
ematical Sciences, Kyoto University, Japan,
was honored for developing the classifica-
tion of complex algebraic varieties-pre-
sumably, a contribution to “pure” mathe-
matics. 7 But the other winners could lx.
considered mathematicians or theoretical
physicists.

Vladimir G. Drinfeld, Institute for Low
Temperature Physics and Engineering,
Khrtrkov, USSR, was recognized for his
research in algebraic geometry, number
theory, quantum groups, and other mathe-
matical specialties that are related to
theoretical physics. Vaughan F.R. Jones,
University of California, Berkeley, worked
on knot theory, a branch of topology that
has applications both to elementary particles
and DNA. Edward Witten, Institute for
Advanced Study, Princeton, New Jersey,
was honored for his fundamental contribu-
tions to the development of string theory,
which might shed light on the relationship
between gravity and other natural forces.T

Witten has consistently appeared in our
recent studies of the most-cited physical-
sciences papers. g$’He also appeared on a
‘‘shortlist” of 12 researchers forecasted to
win the Nobel Prize in physics that appeared
in 7he Scientist”. 10Similar lists of” nomi-
nees” for the Nobel Prizes in chemistry as
well as medicine or physiology are being
prepared as we go to press. Last year 7he
Scientist identified 20 likely candidates for
the 1989 Nobel Prize in medicine or
physiology, two of whom did go on to win
it—J. Michael Bishop and Harold E.
Varmus.11
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The Most-Cited Physkal-Scietms Publications in the 1945-1954
Science CifdiOn Zndex. Part 2. Mathematics

Stephen G. Brush
Department of History and
Institute for Physical Science and Technology
University of Maryland
College Park, MD 20742

This essay exeminw 20 highly cited papers in mathematics, based on the .SciertceCitorionIndex”
cumulation for 1945-1954. Next week 42 most-cited papers in astronomy and tbe earth sciences wi13
be examined. These papers are compared with other publications (including some Itigblycited books)
considered important by scientists and historians of science. The essay discusses some of the major
trends, achievements, and researchers in mathematics in the period including World War II.

Introduction Finding Highly Cited
Publicationsin Small Fields

In Part 1 of this essay, I discussed 52
highly cited publications in the physical
sciences, based on the Science Citation
Znukx” (SCF’ ) cumulation for 1945-1954.1
That list was composed rdmost entirely of
publications in chemistry (25) and physics
(25); there were only two in mathematics,
and none in astronomy or the earth sciences.
Just as one cannot ignore the physical sci-
ences merely because they generate fewer
citations than the iioiogical sciences,2 one
cannot simply ignore a8tmnomy, the earth
sciences, and mathematics merely because
they generate fewer citations than physics
and chemistry. ISI@has therefore generated
additional lists of relatively highly cited
papers in these smaller, less-cited fields. In
addition, I present lists of publications con-
sidered important by scientists or historians
of science.

.-

Do Citations Measure Importance? The
Case of Mathenmtka

As noted in Part 1 of this essay, one
should not simply rely on citation counts as
a measure of the impmlance or quality of
a publication. Rather, it is desirable also to
obtain the independent judgments of the sci-
entific wrmmmity-for example, as irt-
dicated by Nobel Prizes-or of historians of
science. Thus, 48 percent of the most-cited
physics publications and 40 percent of the
most-cited chemistry publications were
authored or coauthored by a Nobel laureate,
although those publications were not neces-
sarily the work for which they received the
Nobel Prize. 1

For mathematics, the closest equivalent
to the Nobel Prize is the Fields Medal,
awarded at the quadrennial International
Congress of Mathematicians, beginning in
1936. No medals were given between 1936
and 1950; the medals awarded in 1936,
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Table 1: Wlrmers of the Nelda Medat fn mathematics, awarded at tbe hrternatiooaf Congress of Mathematicians
in 1936, 1950, and 1954, and their areas of research. Medalists are fisted in alphabetic order. Dates in paren-
theses in the “Research Area” column give the time perind when the medal-winning work was done,

Year
MeetaMat Awarded Research Ares

Ablfors L 1936 Complex-variable theory, quasiconfomnal mappings, Rienuum surfaces,
meromorpbic Iimctions (1920s, 1930s).

Onuglas J 1936 Solved Plateau problem (mininud surface) (J93 1),
Kndaira K 1954 Harmutic integrals and harmonic forma with application to KaMerirmand

algebraic varieties (1944- 1953).
Schwartz L 1950 Tbcory of distributions (1945-1951).
Selberg A 1950 Prime number themrem (1948-1949), Riemann zeea function (1940s).
Serre J-P 1954 Complex variabIes, cohomology in a complex-anafytic sheaf ( 1950- 1951).

1950, and 1954 were for research by six
mathematicians published in the pericd from
about 1930 to about 1952. These are listed
in Table 1.

Table 2 presents 20 mathematics journal
articles that were most cited in the 1945-1954
SCI. Comparing both tables, one w see that
none of the Fields Medal winners appear as
authors of the 20 most-cited mathematics
articles during this period. The most-cited
journal article by a Fields winner is by Jean-
Pierre Serre, College of France, Paris.3 Its
27 citations from 1945 to 1954, however,
are too few to put it on the Iist of 20 most-
cited mathematics papers, which were cited
at least 30 times. Citations for the 1958
Fields Medal winners (Klaus F. Roth, Uni-
versity of !mndon, UK, and Rem? Thorn,
University of Strasbourg, Frame) were even
fewer, so including them would not make
any difference to our conclusion: the most
important research in mathematics, as judged
by awards of the Fields Medal, is not highly
cited, and the most-cited publications in
mathematics do not contain the most import-
ant research.

Some mathematician wotdd undoubtedly
argue that Stefan Banach’s (University of
Lvov, USSR) i?ekorie des operations [ink-

sires is a emmterexrunple to this generaliza-
tion, since it showed up on the list of 52
most-cited physical-sciences papers and is
generally regarded as a report of important
original research. 1,4 Nevertheless, it did
not win the 1936 Fields Medal for which it
was presumably eligible.

The Moat-Cited Mathematics WIcka

The research areas of the Fields Medal
winners and the most-cited papers published
in mathematics journals indicate trends in
pure mathematics during the 1930s and
1940s.Abstmet algebra and topol~ WE the
most popular subjects. As Jean Dieudonn6,
University of Nice, France, expressed it in
his survey of modem mathematics, the
emphasis was on studying the structure
rather than the content of mathematical
objects. 5 Most of the highly cited mathe-
maticians are listed as “originators” of one
or more of the research specialties deseribed
by Dieudorm&6

The most-cited mathematics article is on
statistics and was authored by Henry B.
Mann and D.R. Whitney, Ohio State Uni-
versity, Columbus. Most of its 109 citations
from 1945 to 1954 are from biological and
medical joumrds, so one may question
whether it should be included in a list of
highly cited physical-sciences publications.
Mann has described its origin in the problem
of testing a dmg that was supposed tn protect
against the common cold. T

One of the most-cited papers in math-
ematics journals was by Milton Friedman
(b. 1912), then with the National Resources
Committee, Washington, DC, who won the
1976 Nobel Prize for economics. Presum-
ribly,his 1937paper on the use of rank order-
ing in statistical analysis was ordy a small
part of the body of work for which he was
honored, and the award of the Nobel Prize
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Table 2: The 20 most-cfted papers from mmfmrnatics jorrraats covered fn tfse 1945-1954 SCf@ cmrmfation.
Papsrs are listed in alphabetic order by fwst author. A =tatal number of 1945-1954 citations.

A

30

31
33

32
61
38

30

31

35

109

30

32
41
33

32
54

37

32
61
38
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to hm cannot be viewed as a judgment that
he made a significant contribution to mathe-
matics.

TWOAmerican mathematicians published
highly cited papers in pure mathematics:
Nathan Jacobson (b. 1910), Yale University,
New Haven, Comecticut, and Norbert
Wiener (b. 1894-d. 1964), Massachusetts
Institute of Technology, Cambridge. Wiener
later became well known to the scientific
public for his work in communication
theory. Jacobson’s work is hdliar only to
mathematical experra. Curiously, neither is
given much attention in works on the history
of mcdem mathematics-perhaps Jacobson’s
contribution is considered too sprzialized,
Wiener’s too “applied.” Jn these cases, the
SCZhelps the historian by calling attention

to significant publications that might ottter-
wise be overlooked.

Jacobsen’s two papers in 1945 presented
major advances in abstract algebra, espial-
Iy the theory of associative rings.g He in-
troduced what is now tailed the “Jacobson
radical” of a ring, defined ss “the ideal J(A)
of an awociative ring A which satisfies the
following two requirements: 1) J(A) is the
Iargegt quasi-regular ideal in A; 2) the
quotient ring ~ =A/J(A) contains no non-
zero quasi-regular iderds. ”9 Based on this
concept, the ‘‘Jacobgon ring” is defined as
“a commutative ring with unit element in
which any prime ideal is the intersection of
the maximrd ideals containing it, i.e., a ring
any integral quotient ring of which has a
zero Jacobson radical. ”10These ideas were
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Tabfe 3: Chrormf@c dMr5n@mof@rMatioltda tes
for the 20 rnarbernatics papers most cited irr the
1945-1954 scI@ cumulation.

PubJJcatiOrr Number of
Year’ Papers

1930-1934 2
1935-1939 6
1940-1944 2
1945-1949 10

further developed in books by Jacobson and
others.ll-lq

Wiener has described the circumstances
of his work on generalizedharmonic analysis,
leading to his 1930 paper on that topic, in
his autobiography. 1AHarmonic analysis is
the decomposition of time-dependent physi-
cal processes or mathematical functions into
components with different frequencies,
pioneered by the French mathematician
Joseph Fourier at the beginning of the nirte-
teenth century. The original stimulus for
Wiener’s work came from problems in elec-
trical engineering, He was able to develop
a rigorous theory based on modem math-
ematical techniques. His interest in practical
applications led him to promote the harmonic
analysis of time series as a key to many
problems in science and engineering. Is.lb

Seventeen of the 20 papers in Table 2
listed one author, and the remaining three
have two authom each. Sixteen authors were
based at institutions located in the US, and
two each were based in the UK and Japan.
Table 3 shows the chronologic distribution
of publication dates, and Table 4 lists the
journals that published the 20 most-cited
mathematics articles in the 1945-1954 SC[.

The Most IrBfluentld MathLmrJ$Mcs
Pubkatioos

Table 5 lists 25 books considered “infhn-
tial” by the mathematician PauJ Richard
Halmos, University of Santa Clara, Califor-
nia. 17 ~~ shown is the num~r of ci~-

tions they received in the 1945-1954 SC1.
There is no algorithm for selecting math-
ematics bcoks from the 1S1database, so it
is possible that there are other mathematics
books even more highly cited than these.

The leading Citation Classic@ located with
the help of the Halmos list is A Course c-$
h-h%m Analysis by the Britishmathematician
Edmund ‘fhylorWhittaker (b. MB-d. 1956).
Whittaker was a specialist in differential
equations and was known for his discovery
of integral representations of solutions of
Laplace’s equation, including the Legendre
and Bessel functions. He later wrote a major
treatise on the history of optics and electro-
magnetism. 18 When Whittaker first pub-
lished A Cburse of Modern Analysis in 1902,
it was, according to biographer Daniel
Martin, University of Glasgow, UK, “the
first book in English to present the theory
of functions of a complex variable at a level
suitable for undergraduate and beginning
graduate students. ” 1$’

George Neville Watson (b. 18864 1965),
a British mathematician who was art expert
on complex variable theory, collaborated on
the preparation of the expanded second C&
tion that appeared in 1915.zo,zl The book
became a standard reference work for the
properties of special functions and tech-
niques used in mathematical physics. The
various editions were cited 420 times in the
period 1945-1954, more than the beds by
Banach and Harald Cram&, University of
Stockholm, Sweden, the only mathematics
publications on the first list of 52 most-cited
publications for that period, 1 But it ap-

TaMe4’flwjourmalsf .hatpuMfrkJthe20rwt-rfted

~mp.mnbntipbm
the 1989 irnpsct factors for tbe jrxu-rmls. Data were
taken from the 1969 JC@. The figures at tbe right
indirate how rrrsnypapers from each journal appear
in Table 2.

Number of
Journal Papws

Arm Math. (2.01) 4
‘Arm. Math. Ststist. (N/A) 3
J. Amer. Statist. Assn. (1.17) 3
Qusre, AwL Maeb. (0.48) 3
Trsrrs. Amer. Maeb, Sm. (0.54) 3
Arrrer.J. Math. (0,55) 2
Acts Matft. (O,%) 1
J. Roy. Statist. Sot. ser. B Merbo. 1

(1.15)

‘Divided in 1973 into Arm, Probsb. (0.69) end Ann,
statist. (0,97)
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Table 5: Mathewrrdtm books published before 1955, from a tist of honks that P.R. Halrnos considered irrtluential
(see reference 17). Citation totals inehrde 1945-1954 references to all editionz and trsnstetions. Publication years
shown are those given by Hntmos; other bibliographic data sre taken from the Na”orroi Union C#alag. Brinks
sre Iisted in slpbsbetic order by first author. A = 1945-1954 citations,

A

167

46
37
0

1

21

24

1
8

14
4

5

18

2
6

23

0

30
108

1

24

2
17

135

420
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1914.476 p.
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Knopp K. Rurktionentheon’e @mction theory). Berlin, Germeny: de Groyter, 1930.2 vols.
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prubsbiliry). Berlin, Gemy: Springer, 1933.62 p.

Landau E. Grurralagen der Anrdysi.r (Poondations of analysis). IApzig, Germany: Akaderniscbe
VerlagsgeseIlscheft, 1930.134 p.

L.ef-ets S. Algebmic topology. New York: American Mathematical Society, 1942.
Ssdrs S & Ban&h S. 37reory of the integral. Wsrssw, Poland: Z subwencji Fmrduszu kuhrry

nerndowej, 1937. 347p.
Siegel C L & Belfrmm R. i%wrscenderrtalruarrbers. Prinmrnn, NJ: Princeton University Press,

1947.73 p.
Stmre M H. Linear tmns~~”ons in HiIberr space and their applicatiomr to analysis. New York:

American Mathematical Wiety, 1932.622 p.
Townsend E J. Functionr of a complex variable, New York Holt, 1915, 3S4 p.

7mfWW;.Convergence and umyom”ty in topology. Princeton, N]: Princeton University press,

van der Waerden B L, Arttri E & Noether E. Moderns Algebra (Modem etgebre).
Bertirr, Germany: Springer, 1931.2 vols.

WTdttaker E T. A course of modem analysis. Cambridge, LJfC University Press, 1902, 378 p.

peared in severrd editions and reprintings,
no one of which received enough citations
to put it on that list as a separate publication.

Astronomy and the Earth Sciences

Next week’s essay will examine22 aatron-
omy journal articles and 20 earth-sciences
papers that were most cited in the 1945-1954
SC1. These lists will be compared with
publications considered influential or impor-

tant by scientists and historians of science.
In addition various trends, achievements,
aild researchers represented in these lists will
be highlighted.

*****

My thanks to Albert Gluckman and Lance
Small for valuuble suggestions and to Eric

lkrschwelljbr colle~”ng informdon used
in preparing this essay.
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