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With a second group of 100 highly cited papers from the ScienceCitation In&x@ (SCF’ ), 1955-1986,
we conclude this two-part extension of previous SCI studies. As in those earlier studies, this group
displayspredominantlylife-sciencesandmethodspapers.Alaarepresented,however,arepapersfrom
physics, chemistry, mathematics,engineeringand technology,and the social sciences.

In the first part of this essay, we presented
a groupof100 highly cited papers from the
Science Citation Irrdex@ (SCP ), 1955-
1986.1 That essay, as we mentioned, ex-
pands and updates our previous series on the
1,000 most-cited papers in the SCf, 1961-
1982,2 and an essay on 250 highly cited
papers from 1955 to 1964.3 All of these pa-
pers are by definition Citation Classicsa.

In this essay, we’ll discuss artother group
of papers from the SCL—-papersthat, al-
though not included in the previous studies,
are among the most highly cited in the SCZ.
These papers are listed in the Bibliography
at the end of this essay, in alphabetic order
by first author. The most-cited paper re-
ceived approximately 960 citations; the
least-cited, around 850. The average number
of citations is 892. As we’ve noted previous-
ly, ptqxxs from tie life sciences tend to dom-
inate these SLYstudies. The present group
of papers is no exception. However, the
domination by life sciences is not as pro-
nounced as in some of the earlier studies.
There is a larger representation of papers
from physics and chemistry, and rdsopapers
from mathematics, the social sciences, and
engineering and technology.

Journals

The papers in the Bibliography were pub-
lished in 62 journrds. Nine journals account
for slightly more than 40 percent of the pa-

pers in this group. These journals are Iist&
in Table 1, along with the other journals that
published at least two papers appearing in
this study. Many of the journals that were
prominent in the last esaayl (as well as in
previous SCI studies) are featured in Table
1. These include Science, Analytical Bio-
chemistry, Physical Review, and the New
England Journal of Medicine. However,
there are journals that did not appear in the
first part of this update, including Bell
System Technical JourrKIl (which has been
superseded by AT&T Technical Jourrud) and
the Journal of the American Oil Chemists’
Society. Table 2 shows the chronologic dis-
tribution of publication dates for the papers
in the Bibliography. As was the case in the
fwst part of this study, the largest number
of papers appeared between 1975 and 1979.

Authors

There are 252 unique authors in this
study. Ten have won the Nobel Prize, Fred-
erick Sanger, Medical Research Council
Laboratory of Molecular Biology, Cam-
bridge, UK, who won the Nobel Prize in
chemis~ in 1958 and again in 1980, is co-
author of the most-cited paper in this study.
“The use of thin acrylamide gels for DNA
sequencing, ” written with colleague A.R.
Coulson and published in FEBS Letters in
1978, was cited over 960 times. Sanger also
appeared in the Bibliography in the first part
of this essay.
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Tsbte 1: Journals that published at least two papsrs in
the second group of articles moat cited in the
1955-1986 SCF. Articles that ap~ in our most-
cited SC1article stud]es for 1961-1982or 1955-1964
have been excluded. A= inurnal title. B=rmmbcr of
papers. C = 1986 impact“factor

A

Science
Anal. Biochem.
J. Biol. Chem.
Nature*
Phys. Rev.
Annu. Rev. Biocbem.
J. Chem. Phys.
Phys. Rev, D-Part. Fields
Pmt. Roy. SW. London Ser. A
Bell Syst. Tech. J.***
Biochem, J.
Exp, Cell Res.
J. Amer. 011Chem. SIX.
J. Clin.Invest.
J. Exp. Med.
J. Mol. Biol.
Meth. Enzymology
N. E@. J. Med.

B

6
5
5
5
5
4
3
3
3
2
2
2
2
2
2
2
2
2

c

12.43
2.46
6.31

15.25
**

31.62
3.30
2.61
la
0.35
4.23
2.48
0.87
6.74

10.92
6.59
1.65

17.75

*Nature includes Nature New Biol.
** SUwBc&ij by Phys, Rev.A—Gen.Phys.,Phys.

Rev, B—Condensed Matter, Phys, Rev. C–NUCI,
Phys., and Phys.Rev.D—Part,Fields.

***sUwrAd byAT&TTech.J.

Another of the Nobel laureates in this
group is Rita Levi-Montalcini, now at the
Institute of Cell Biology, Rome, Italy, who
shared the 1986 prize in physiology or med-
icine for the dkcoveq of nerve growth fac-
tor (NGF). Included in the Bibliography is
“Nerve growth factor, ” a 1%8 paper from
Physiological Reviews coauthored with col-
league Pietro U. Angeletti. This paper, re-
viewing various aspects of NGF, has been
cited over 860 times. In our study of the
1986 Nobel Prize in rnedcine, we identifkd
this paper as Levi-Montalcini’s most-cited
work.4

Another Nobel laureate in the Bibliogra-
phy is Rosalyn S. Yalow, Veterans Admin-
istration Hospital, Bronx, New York, who
shared the 1977prize in physiology or med-
icine for the development of radloimmuno-
assay. Yalow was a coauthor of a 1%3 pa-
per from Science, “Hypoglymmia: a potent
stimulus to secretion of growth hormone”
(the first author is J. Roth). This paper has
been cited in over 920 publications.

Sheldon L. Glashow, Harvard Universi-
ty, Cambridge, Massachusetts, and Abdus

Saktm, International Center for Tivmretica!
Physics, Triestc, Italy, and ImperiaJ Col-
lege, London, UK, two of the three theo-
retical physicists who shared the 1979 Nobel
Prize in physics, also have papers in the Bib-
liography. Glashow’s “Partird-symmetries
of weak interactions, ” a 1961 paper from
Nuclear Physics, has been cited more than
880 times. Glashow also coauthored, with
colleagues A. De Rtijula and H. Georgi,
‘‘Hadron masses in a gauge theory, ” a 1975
paper from Physical Review D—Particles
and Fiekis. This paper has been cited over
875 times. Salarn coauthored’ ‘Lepton mtm-
ber as the fourth ‘color,’ “ another paper
from Physical Review D—Pat-tic[es and
Fields, with colleague J.C. Pati. Thk 1974
paper has been cited in approximately 880
publications. The other Nobel laureates in
the Bibliography are Philip W. Anderson
(physics, 1977), Roger Guilletnin @hysiol-
ogy or medicine, 1977), Lev D. Landau
(physics, 1962), Julian Schwinger (physics,
1965), and U1fS. von Euler (physiology or
medicine, 1970).

Citti”on Classics

Twelve papers in this study have been the
subjects of Citation C’fassic commentaries,
as denoted by the asterisks in the Bibliog-
raphy. Henry B. Mann, for example, De-
partment of Mathematics, University of
Arizona, Tucson, commented in 1979 on his
paper’ ‘On a test of whether one of two ran-
dom variables is stochasticrdly huger than
the other. ” This paper, coauthored with
D.R. Whitney, appeared in the Annals of
Mathematical Statistics in 1947 (this jour-
nal was superseded in 1973 by the Annals
of Probability and the Annals of Statistics).
The “U-statistic” test set forth in this paper,
developed while the authors were at Ohio
State University, Columbus, was devised to
improve statistical annlysis of bacteriological
studies on two populations of rats. As Mann
explains, 6‘It was the thorough study of the
dktribution of the U-statistic that made the
test easily applicable and very popular.”5
This paper has been cited in over 910
publications.

In a commentary published in 1979, A.E.
Bence, Department of Earth and Space

96



Sciences, State University of New York,
Stony Brook, discusses “Empirical correc-
tion factors for the electron microanalysis
of silicates and oxides, ” which has been
cited over 920 times. This paper, coauthored
with A.L. Albee while the authors were at
the California Institute of Technology,
Pasadena, and published in the Journal of
Geo@y in 1968, describes methods to solve
certain problems in electron microprobe
analysis in mineralogy. The authors’ objec-
tives, as Bence explains, were twofold: “to
develop simplified data reduction procedures
that could be carried out on the hand cal-
culators then available, and to lay the
groundwork for computer control of the
X-ray spectrometers, thus permitting online
control and real-time data reduction.’ ‘bThe
success of their matrix correction procedure,
as lkmce notes, “is attested to by the number
of laboratories that use it to reduce their
data.’ ‘b In the nine years since Bence’s
commentary, the paper has remained highly
cited, receiving at least 85 citations per year
between 1984 and 1986.

The Bibliography includes two landmark
papers in HIV (known in the US as AIDS)
research, one of which has been the subject
of a Citation Ckmsic commentary. That
paper is’ ‘Isolation of a T-lymphotropic ret-
rovirus from a patient at risk for acquired
immune deficiency syndrome (AIDS).’ ‘T
This 1983 paper from Science, by Frangois
Barr&Sinoussi, Pasteur Institute, Paris, and
colleagues, was rdso included in our study
of highly cited 1983 articles from the Social
Sciences Ci(ation Indtxo, 1983-1985. g It
has been cited in over 940 publications.

The other key paper in AIDS research is
by Robert C. Gallo, National Cancer Insti-
tute, Bethesda, Maryhutd, and colleagues,
from Science: “Frequent detection and iso-
lation of cytopathic retroviruses (HTLV-IU)
from patients with AIDS and at risk for
AIDS. ” This 1984 article, cited approxi-
mately 890 times, will be the subject of a
forthcoming Citation Classic commentary
in the fife Sciences edition of Current
Gmtents”. Like the paper by Barr&Sinoussi
and colleagues, it describes efforts to isolate
the AIDS virus. Another paper in the Bib-
liography, a 1981 article from the New

Table 2: Chronologic distribution of publication dates
for the swond group of articles most cited in the
1955-1986 SCP. Articles that appear in our most-
cited SCI article studies for 1%1-1982 or 1955-1964
hsve been excluded.

Publication Number
Year of Papers

1925-1929 1
1930-1934 2
1935-1939 3
1940-1944 3
1945-1949 4
1950-1954 9
1955-1959 4
1960-1964 11
1965-1%9 14
1970-1974 10
1975-1979 27
19S0-1984 12

Engknd Journal of Medicine by Michael S.
Gottlieb, University of California at Los
Angeles School of Medicine, and col-
leagues, is one of the first clinical descrip-
tions of the condition now known as AIDS.

Other Selected Papers

The oldest paper in this study is from
1925: “A method of computing the effec-
tiveness of an insecticide, ” by W.S. Abbott,
US Department of Agriculture. This paper,
published in the Jourmd of Economic En-
tomology, has been cited over 910 times.
Gur data indicate that the paper was still
being cited in 1986.

Another of the older papers in this study
is “A theory of water and ionic solution,
with particular reference to hydrogen and
hydroxyl ions,” by J.D. Bemrd and R.H.
Fowler, University of Cambridge, UK. This
1933 paper from the Journal of Chemical
Physics has received over 900 citations. I
have written previously about Bernrd, the
physicist, philosopher, and historian of
science who had considerable influence on
my own career.9 In their 1933 paper,
Bemal and Fowler explore various proper-
ties of water, including the crystal structure
of ice, the X-ray diffraction curve for water,
and the degree of hydration of positive and
negative ions in water. As the graph of year-
by-year citations demonstrates in Figure 1,
this paper has maintained a steady citation
record over the years.
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Figure1: Year-by-year citations to two pspers listed in
the Bibliography. SoMJ line =Ikrrral J D. J. CJtem.
Phys. 1:515-48, 1933(902 cites 1955-1986SCF, 21
cites 1987 SCf), Broken tine= Mantel N. J. Amer.
Statkt. Am-i. 58:690-700, 1%3 (887 cites 1955-1986
SC[, 109 cites 1987 SC)’J.

Also shown in the graph in Figure 1 are
year-by-year citations to another paper,
‘‘Chi-square tests with one degree of free-
dom; extensions of the Mantel-Haenszel
procedure, ” by Nathan Mantel, now of
American University, Washington, DC.
This 1%3 paper from the Journal of the
American Statistical Association has been
cited approximately 885 times. It discusses
a method for analyzing statistical data from
retrospwtive disease studies. As the title im-
plies, this paper expands on a previous ar-
ticle by Mantel and colleague William
Haenszel, appearing in the Journal of the
N@”orud C2mcer htstitu~e in 1959.10Mantel
discussed this Citation Classic in 1981.11

As Figure 1 demonstrates, following a
small decline in the early 1970s, citations
to Mantel’s 1%3 paper rose steadily through
the late 1970s and surged sharply through
the mid- 1980s. Mantel notes that there are
severrd factors that might explain this in-
crease in citations. For one, the methods
described in this paper have more general
applications than the 1959 work. Mantel also
suggests that the rise in citations may reflect
an increased interest on the part of statisti-
cians in epidemiologicai studies. He notes

thrther that his work is being increasingly
cited in recent textbooks on epidemiology.
Lastly, he believes that the methods may
have simply taken time to catch on. 12This
pajwr, which represents an overlap of math-
ematics and the life sciences, illustrates that
it is sometimes difficult to classify these pa-
pers into different fields. Mantel, inciden-
tally, also appeared in the Bibliography in
the first part of this essay. I

The most recent uarxws in thk study are
horn 1984. Two are’b~ Michael J. Berndge,
Department of Zoology, University of Cam-
bridge (one of these papers was coauthored
by Robin F. Irvine, AFRC Institute of hi-
mal Physiology, Cambridge). Both papers
discuss inositol trisphosphate and its role in
cellular signal transduction, and both have
received approximately 860 citations. The
other 1984paper is by Gallo and colleagues,
discussed above.

Although authors in the US and the UK
account for the great majority of articles in
this study (72 papers from the US, 16 from
the UK), other countries are represented.
Sweden, for example, aeccxmtsfor three pa-
pers. One of these, “Peptidergic neurones,”
by Tomas Hokfelt and colleagues, Depart-
ment of Histology, Karolirtska Institute,
Stockholm, is among the most-cited articles
in this study. This 1980 paper from Nature
received around 960 citations.

Also cited about 960 times is a paper from
Canada, “Nutrient requirements of suspen-
sion cultures of Soykroot cells,” by O.L.
Gamborg and colleagues, Prairie Regional
Laboratory, National Research Council of
Canada, Saskatoon. This paper, published
in Ekpenmental Cell Research k 1968, is
one of two in this study from Canada.

Another paper in the Bibliography is by
Oliver H. Lowry and colleagues, Depart-
ment of Fhmmacology, Washington Univer-
sity School of Medcine, St. Louis,
Missouri. “The quantitative histochemistry
of brain, ” a 1954 paper from the Journal
~f Biological Chemistry, was cited nearly
B90times. Lowry, of course, whom we’ve
dubbed the world’s “Citation Laureate, ” is
author of the most-cited paper ever pub-
lished. 13 His 1951 paper on protein
malysis14 was included in the first part of
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our study of the top 1,000 papers in the SCI,
1961-1982, and has received over 100,000
citations.

This concludes our update of highly cited
papem in the SCI. Authors who haven’t done
so are invited to submit Citation Classic
commentaries on the papers in this study.
For the older papers, we invite surviving
colleagues and associates to comment on
these classics, Interested authors can con-

tact Richard Greetdec, manager of profes-
sional communications, ISI@, at 215-
386-0100, extension 1429.

*****

My thanks to Christopher King and Eric
Z7wrschwell for their help in the prepara-
tion of this essay.

@MS1s1
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