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The reprint that follows this introduction
is the second part of an article’ published
in Theoretical Medicine by myself and
Alfred Welljams-Dorof, my scientific as-
sistant at the Instingte for Scientific Infor-
mation® (IS1%). The paper addresses an in-
teresting point that has been explored in
previous Current Comments® essays: Do
quantitative rankings of highly cited au-
thors confirn—and even anticipate—No-
bel prize awands?

The first parn of the reprinted paper® pre-
sented an overview of six previous [SI stud-
ies of most-cited authors. Tt discussed the
number of authors who had already won
the prize at the time each essay was origi-
nally published as well as the number who
later went on to become Nobel laureates.
These undifferentiated rankings were shown
to have effectively identified a relatively
small set of authors “of Nobel class,” in-
cluding actual Nobelists.

In the second part reprinted here, the pos-
sibility of forecasting Nobel prize winners
using citation data is discussed. We present
a list of 100 awhors who were most cited
from 1981 through 1990 for papers they
published during this pericd. Eight
MNobelists appesar on the list, and it will be

interesting to see how many morc become
laureates in future years.

It is remarkable that a simple, guantita-
tive, and objective algorithm can indeed
commoborate and anticipate the complex,
qualitative. and subjective selection pro-
cess of the Nobel prize commities. This is
even more noteworthy considering the odds
against successfully forecasting the awards
with citation data, which also are reviewed
in Part 2. Several factors might limit the
cffectiveness of undifferentiated citation
rankings to anticipate Nobel awards—for
example, the tendency for life science fields
to dominate. the purported overrepre-
sentation of methods papers and anthors,
the “obliteration by incorporation” phenom-
enon, eic.4

In the third part of this essay, the editor
of Theorerical Medicine will provide a con-
densed version of his introduction to the
special issue on the Nobel prize. The table
of contents for the issue appears on the
following page.

T EFEE

My thanks to Paul R. Ryan end Eric
Thurschwell for their help in the prepara-
tion of this introduction.
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3. A FORECAST FOR THE 19905

Despite the possible methodological limitations, to be discussed in the next section,
lists of the highest impact authors in a given time period are stll rather effective in
identifying past, present, and future Nobelists. As an outlook on laureates-to-be of the
1990s, we have identified the 100 most-cited apthors of articles published and cited in
1981-1990. They are listed in Table IT1.

Eight Mobelists through 1990 are included, indicated by asterisks. While this article
was in press, the 1991 Nobel prizes were announced. The new laureates for medicine or
physiology are Erwin Neher of the Max Planck Instimute for Biophysical Chemistry.
Gattingen, and Bent Sakmann, Max Planck Institute for Medical Research, Heidelberg.
Although neither appears in Table I11, both are among the 300 most-cited scientists of the
1980s with over 5,80 citat®ans cach to their 1980s papers. The 1991 Nobel prize winner
in chemistry is Richard Emst of the Eidgenossische Technische Hochschule, Ziirich.
With more than 6,200 citations to his 19805 publications, Emst also ranks among the 300
most-cited scientists of the decade. Pierre-Gilles de Gennes, College de France, Paris,
was awarded the 1991 Nobel prize for physics. His 1980s papers were cited over 2,100
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This was done in 2 forecast of Nobel winners in medicine for 1989 that appeared in
The Scientist 2 Ouwt of a hst of about 200 most-cited authors in the 1973-84 Science
Citation Index® (SCI'#), the field of most-likely candidates was narmowed down to just 20
names by also considering who had already won the Albert Lasker Basic Medical Re-
search Award, the Gairdner Intermational Award, and other “predictor prizes’. The 1989
winners, .M. Bishop and H.E. Varmus, were on the fist.

4. DISCUSSION

4.1. Nobelists in Smaller Specialties

All the lists we've reviewed are undifferentiated rankings of the most-cited anthors in a
given tme period. The most-cited authors in larger fields achieve higher citation rates.
S0 molecular biology, genetics, biochemistry, and other life sciences tend to dominate,
and fewer authors in physics and chemistry arc represented. Despite this limitation, the
method still effectively anticipates future Nobel awards.

However, the Nobel Committee sometimes selects relatively small specialties for rec-
ognition. Authors in these areas may not show up in listings for the established disci-
plines. But when citation data for the specizlty is disaggregared!®, the forecasting resulis
significantly improve.

An example is radio astrozoiny, recognized by 1978 Nobel awards to R.W. Wilson and
A.A. Penzias. Both ranked among the top 5 authors in their field, cited in the 1961-1975
SCIL'E Another example is computerized axial tomography. The 1979 Nobel was awarded
to G.N. Hounsfield and A M. Cormack. They were among the 1.5 authors in this specialty
most-cited in the 1961-79 SCI.'* In both instances, a small set of authors ranked by
citation frequency included, that is, anticipated, the Nobel awards.

4.2, Nobelists in Economics and Literature

The Nobel prize for economics, first awarded in 1969, provides another opporumity for
citation comparisons. fn 1990, we listed the top 50 economists most-cited as primary authors of
hoth articles and books in the 1966-86 Social Sciences Citation Index® (SSCI ®). It ingluded
seven authors who were deceased and therefore not dligible for the prize, which is restricted to

Fifteen Nobelists were listed—an incredible 62.5% of the 24 economics awards through
1986. In addition, two lzureates-to-be, R.M. Sclow (1987) and R.H. Coase (1991), were
Tisted. OFf course, fure prizes may still be won by those listed who are eligible.

The Nobel prize for literature abounds in controversies about personai, geographic,
and philosophical biases. Sdll, citation rankings succeed in corroborating a significant
proportion of Nobel literature awards.

For cxample, 2 list of the 100 authors most-cited in the 1977-78 Arts & Humanifies
Citation Index® (Ad&HCT #) included 235 Nobelists = Only wo so far arc laureates-to-
be—Gabriel Garcia Marquez (1982) and Octavio Paz (1990). But this is 7.1% of the 28
names on the list still eligible for the award in 1990. Five authors who became Nobelists
within the five years previous to the study were identified. It would seem that citation
rankings can &lso be effective in forecasting Nobel literature prizes.

4.3. The Odds Against Forecasting Nobels with Citation Data

As stated earlier, 26 laureates-to-be in science have been identified by a guantitative
and objective algorithm that ranks authors by total citations.>-!" One-third of all Nobel
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Tabie 1
Summary information on most-cited author studies
based on Science Citation Index (5CTy data

19572 1972%  pogl72h 1961-75 1961-T6 1965-TH
PRE Mobel
Authors B b 3 13 15 26
Cinations 6,274 2 259 40,376 43 585 L L 120,245
Impaci T8 a7} 25 TI6 631 4625
POST Mohel
Authors & 7 13 I8 22 35
Citations 5.107 6,966 0,923 279472 146,652 174,252
Impact B5l 995 7763 7355 [0 4979

-

ALL Mobel 3
Authors 14 12 18 51 37 &l
Cilations 11,381 11,825 141.25% 374058 245,120 294, 506}
Impact 813 945 1850 7334 6652 4828
HON Hobet ; :
Authors 346 . 38 32 198 253 939
Citations - 29287 34091 259,613 L.194,775 1402 326 - 3,515,504
Impact - Bi3 97 Ei13 6034 5332 3744
*Authors EL 37 n 197 :
*Citations 26,366 -2B166 224415 1,136,471 MNA A
*Inpact i T 753 W T 5TE9 :
Towal -
Aunthars 50 50 50 240 300 1,000
Citations A 558 - 235916 400,912 1,568 8313 1648 446 3E10.004
* Based on ¥
B Based on #
£ Based on 8
< Based oo 71!
® Based nn 12:17
*Excluding citations to DH. Lowry.

prizes in medicine, chemistry, and physics from 1979 o 1990 have been anficipated by
the list of most-cited authors in the 1965-78 SC/. Considering all the possible factors that
can limit an undifferentiated citation ranking, it is remarksble that such a large number of
laureates-to-be can consistently be identified,

= We have already discussed one such limitation, the trend for life science fields o
dominate the rankings. Amnother is the purported dominance of methods papers and
authors. ISI's lists of most-cited authors and articles®-7 would provide a good sample 1o
test this anecdotal assomption, but it remains to be done. OF course, high impact meth-
ods—and their authors—will appear and can ‘skew” the results.

4.3.1. The Lowry Phenomenon

A classic example is Oliver Lawry, whose 1551 metivods paper has been extraordinar-
ily cited—meore than 205,000 times through 19904 If the most-cited author data arc
adjusted (censored) for the "Lowry factor’, the average impact of non-Nobelists drops
about 5% to 18% across the four applicable lists. The summary data in Table | shows
this.

8 CURRENT CONTENTS® 1952 by 15l
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However, Lowry is a statistical anomaly, an extreme far beyond the normal citation
range of methods papers or authors. No doubt, other authors of high impact methods
papers will appear on undifferentiated lists. But the fact that so many present and future
Nobelists also appear would argue that theoretical authors rank high as well. Their
individual paper impact may be lower, but the cumulative impact resulting from their
higher than average productivity puts them in the upper echelon of cited authors.

It i5 interesting that researchers tend Lo hold theoretical advances in greater esteem than
methodological conrribations. But new methods, techniques, and instruments play an
important and even critical role in scientific research, They frequently increase the effi-
ciency, speed, and sensitivity of laboratory and clinical studies, They also often enahle
researchers to conduct experiments that otherwise would have been extremely difficult if
not impossible. For these reasons, methodological contributions deserve appreciation and
recognition on a par with theorctical advances. Indeed_ the Nobel Pprizes have recognized
cxceptional methodological breakthroughs—for example, the 1991 chemistry award to
R. Emst for his development of nuclear magnetic resonance spectroscopy, the 1986
physics award to E. Ruska for devising the electron microscope, and to G. Binnig and H.
Rohrer for designing the scanning mnneling microscope; the 1979 physiology or medi-
cine award to A M. Cormack and G.N. Hounsfield for inventing the computerizad axial
tomography scanner, and so on.

4.3.2. The Obliteration Phenomenon

It is well established that certain papers reporting landmark findings are paradoxically
under-cited or even uncited. They are rapidly incorporated into the canonical knowledge
ufaﬁcMandttfummmmhng&rapﬁcﬁfydMinﬁbﬁugmpﬁmmfwm.
This is known as “obliteration by incorporation® 45.5

A pood example is the 1953 Watson and Crick letter to Narure describing the double-
helical structure of DNA.S! It was cited ‘only’ about 1,400 times through 1990. fis
citation is now virtually ‘mwmjc'—itisuitedmtfurirsplminscimcc}ﬁmyihan
for its content.

4.3.3. Premature and Post-Mature Discovery

Certain idmscrnwﬂmdsseemtuhavebemmimkedbymmmpmmymnﬁm
and then “rediscovered” many years later. These discoveries may have been premature—
literally ahead of the prevailing wisdom of their times, conceptually or practically.® Or
they may be posi-mature—advances that, in retrospect, should have been made earlier

lllusuaﬁvcmeshavnbcmmeandmmdmLCmﬁmdmmggmhphmm
ispeﬂaapsmemrmmuthanusmllymmgulnasﬁlm&nuingmiesm&nm-
cited papers of 1945-1988, annual citation distributions were used to identify possible
‘slespers” or ‘late bloomers’.>-% Whether or not they are genuine cases of pre- or post-
mammdismvaydqxndson:h:infommdopinimufupuuchmmthesubjwt

5. CONCLUSION

The data reviewed here indicate that anthor citation rankings are an effective method
for identifying both past and present Nobelists as well as laureates-to-be. It is difficult to
say what is really more remarkable. That a simple, quantitative, objective algorithm can

‘corroborate and anticipate a complex, qualitative, subjective selection process? Orthat a

highly subjective process can consistently select authors having the highest quantitative
and objective impact in medicine, chemistry, physics, economics, and literarure?

CURRENT CONTENTS® ©1552 by ISkR 8




As stated earlier, Nobelists are consistently highly cited while only a small percentage -
of mast-cited authors win the prize. It would be expected that 2 large percentage of the
latter are elected to national academies of science. Bul a study remains (0 be completed. - .
Centzinly in the former USSR and elsewhere, other factors besides scientific achievement -
enter the equation.

NOTES

I Awthors fields in Table ITI were seif-defined in questionnaires scnt to those who
appeared in the 1965-1978 study of the 1,000 most-cited scientists '*"7 For non-respon-
dents and authors who did not appear in that study, ficlds were defined by the department
affiliation in the addresses listed in their recent papers. When departments wers nol
specified, fields were defined by titles of articles and journals.

12l Citation data can be disaggregated forvarious specialties in several ways. The
simplest method is to use jowrnal titles to define specialties. This can be done by broad
field categories (e.g., journals of life sciences, medicine, chemistry, physics, and 50 on)
or by particular subdisciphnes within fields (c.g. joumals of genetics, immunclogy,
clectrochemistry, particle physics, and so on). Of course, this method relies on the
subjective definitions of fields and specialties made by journs! publishers, editors, or
subject specialists. In addition, multidisciplinary journals—suvch 25 Narure or Science—
defy easy categorization by ficld or specialty,

A more sophisticated method is to use co-citation analysis to identify discrete clusters
of research specialties. The method has been described in detail in previous publica- 3
tions. ™ % Simply described, co-citation clustering involves tracking pairs of papers that :
are cited together in articles IS] indexes on an annual basis An algorithm pairs all
references cited in a panicular amicle, and identifies other papers that co-cite the same
pairs of articles. When the same pairs are co-cited with other papers by many authors, a
cluster of research begins to form. The co-cited papers in these clusters share some
common topic, subject area, or method. The cluster is automatically named by using the
words and phrases that citing authors themselves provide in the titles of their artcles.

REFERENCES \ i

| hu:lnumanﬂ.&rmgﬁcm New York: Free Press, 1977,
2. Garfield E. Citation indexing for studying science. Nature 1970:227:669-71.
3 —————=, More on forecasting Nobel prizes and the most-cited scientists of 1972!
{In: Essays of an Informartion Scientist. Vol 1, Philadelphia: 151 Press, 1977:487-8.)
& e, The 250 most-cited primary authors, 1961-1975. Part L How the names wen:
selected. (In: fhid Vol 3, 1980:326-36.) .
%, mmm=—=————, Part [L. The correlation between citedness, Nobel Prizes, and academy
memberships. (Tn: Thid Vol 3, 1980:337-47.)
6, ——————— . Part [T Each aathor’s most-cited publication. (In: fbed. Wol 3, 1980:348-63.)
7. ———— . The 300 most-cited authors, 1961-1976, including co-authors at last. 1. How the
names were selected, (In: [Bid. Vol 3, 1980:538-50.) -
% —— e - -~ 2 The relationship bérween citedness, awards, 25d z:—a...-;n} EET T
{In: fbid. Vol 3, 1980:387-612) : 4
9. —--m—.hﬂwmmemmm
{In: fbid. Vol 3, 1980-685-T00.)
—————, 3B. Their mast-cited papers and a correction note. (In- fhid. Yol 3,
1980:701-100)

10

10 CURRENT CONTENTS® ©1392 by ISI® :




v g g Ry

e

M~ 3C. Their most-cited papers and affiliation data. (In: fhid. Vol 3, 1980:711-22,)

12 e The 1,000 COMemporary scientists most-cited 1965-1978. Part 1 The basac list
and introdection. (In: [béid, Vol 5, 1983:269.78)

13 ———mee . Part 2A. Details on authors in the physical and chemical sciences and some
comments about Nobels and #cademy memberships. (In: fbid. Vol 5. 1983:428-36.)

==———_ Pan 2B. Detzils on authors in biochemistry, biophysics, cell bickogy,
enzymology. genetics, molecular biology, and plant sciences. (In: fhid. Vol 5, 1983:533-41)

15 ——— ————- Fan IC. Details on authors in hematology, histology, immunology,
microbiology, physiology, and virolopy. {In: Ihid. Vol 5, 1983:542.50.)

My = « Part 2D, Details on authors in cardiology, endocrinology, Eastroentemlogy,
nephrology, neurobiology, neurology, neuropharmacology, nuclear medicine, oncology,

- prarmacology, psychiairy, and surgery. (In: fhid Vol 5, 1983:562-70.)

7. == Par 3. Details on their current institstional affiliations.
(o Jbid Vol 5, 1983:59[-606.)

18, ~———————. Are the 1979 prizewinners of Nobel class? {Tn: Ibid. Vol 4, 198160017}

19. Cole JR, Cole 5. Social Stratification in Science. Chicago: The University of Chicago Press,
1973,

20. Cole 5, Cole JR. Scientific output and recognition: 2 study in the operation of the reward system
in science. American Sociological Review [967-32:377.90.

21. Bayer AE, Folger J. Some correlates of a citation mezsure of productivity in science,
Sociology of Educarion 1966:39:381-90., i

22. Sher IH, Garfield E. New tools for improving and evaluating the effectiveness of rescarch,
In: Yovits MC, Gilford DM, Wilcor RH, Staveley E, Lemer HD, s, Research Progrom
Effectiveness. New York: Gordon and Breach, 1966:13546. (Reprinted in: Op. cir. Vol 6,
1984:503-13.)

B.mmm-:mmmmmmm%um&m:m
Oct 2:14{col 1), T6{eod 1).1%col 3). -

24. Garfield E. Who will win the Nobel Prize in economics? Here's a forecast based on citation
indicators. (In: Op. efr. Vol 13, 1991:83-7)

25, === The 1) most-cited authors of 20 century literature, Can citation data forecasy
the Nobel Prize in literature? (In: /bid. Vol 4, 1981:363-9.)

26, ——==————_ Citation classics, 2. Articles from the Efe sciences 1930-39,
(In: fhid. Vol 2, 1977:611-16.) .

. ———— e Citaticn classics. 3. A:ﬁduﬁumd:ephyﬁuls-ciﬂmpnh!lﬂ'ﬁd in the 1930s.
(In: fbed. Vol 2, 1977:617-22)

28, m—— ——. Highly cited articles. 35, Biochemistry papers published in the 1940s.
(In: fbid, Vol 3, 1980:45-51.)

L - 36. Fﬁyﬁr:chemﬁwﬂdmmmﬂmpnblm in the 1940s,
(In: fhid Vol 3, 1980-54-60.)

4.

3. ==—-. 37. Biomedical articles published in the 1940s. (In: fbid. Vol 3, 1980:76-83.)

3 ———— ,Sﬁ_ﬁ}mwmmﬁsmﬂmiﬂﬂxlm.ﬂm}bﬁVoll
1980:125-9.)

P - 39. Biochemistry papers published in the 1950s. (Ir: #bid Vol 3, 1980-147-54)

33 ————————_ 40 Biomedical and behavioral papers published in the 1950s.
< (In: fhed. Vil 3, 1980:179-86.)
M —me ———. Most-cited anicles of the 1960s. 1. Physical sciences,
(In: fiid Vol 4, 1981:156-66.)
38 ———eee—_ 2 Biochemistry and molecular biclogy. (n: Ibid. Vol 4, 1981:254-63)

36, - 3. Preclinical basic research. (In: Bbid Vol 4, 1981:370-8.)
37— - 4. Clinical research. (In: fhid Vol 4, 1981:379-38,)
3E ——— - The 100 most-cited papers ever and how we select Cirarion Classics.

(In: Ibid. Vol 7, 1985:175-81.)
39, ———=————. The anticles most cited in 1961-1982. 2. Another 100 Citation Classics highlight
the technology of science. (In: [bid. Vol 7, 1985:21827) -
40, — —=. 3. Another 100 all-time Citation Classics. (In: Ibid. Vol 7, 1985:270-6.)
41 ————=————. 4. 100 additional Citation Classics. (In: Ibid. Vol 7, 1985-306-12.)

CURRENT CONTENTS® €1292 by ISi® 11




e ar i R
s ekt d b s

R . 5. Another 100 Cization Classics and a ssmmary of the 500 papers identified 1o =
date. {In: Ibid. Vol 7, 1985:326-35.)

R . 6. More Ciasion Classics to think about_ {In: fhid. Vol 8, 1986:132-9.) i
13 mem——e————. 7. Another 100 Citation Classics: the Watson-Crick double hefix has its tum

(In: fbed. Vol B, 1985:187-9%6.)
R . B. Ninety-cight more lassic papers from unimolecular reaction velogines to

natural opiates: the changing frontiers of science. (In: fhidd. Vol B, 1986:311-19.}
16, —mme——————, 9, More contemporary classics of scicnce. (In: fhid Vol 9, 198R-55-64.) =
4] e _ 10 Another 198 citation classics cap the millenary. (Ta: fhid Vol 9,

1988:118-29.)

2% Lowry OH, Rosebrough NJ, Farr Al, Randall RJ. Protein measurement with the Folin phenol
reagent. J Biol Chem 1951:193:263-75.

29 Merton REK. n the Shoulders of Giants: o Shandean Postscripr. New York: Harcourt, Brace &
World, 1963,

30. Garfield E. The “obliteration phenomenon’” in science—and the advantage of beng abliterated!
{In: Op. cit. Vol 2, 1977:396-8.) i

51. Watson JD, Crick FHC. Molecular structure of nucleic acids. Naners 1953:171:737-8.

53 Garfield E. Premature discovery of delayed reeognition—why? (In: O, cir. Vol 4, 1981 :488-
930 i

%3, Zmckerman H, Lederberg J. Postmature scientific discovery? Narure 1986, 324:629-31.

54 Garfield E. The mostcited papers of all time, SC7 1945-1988, Pant 1A The SCI Top [ —wll
the Lowry method ever be obliterated? (In: O cit. Wol 13, 1991:43-36.)

§8§. ————= _—____Pan 7 The second 100 Cirgrion Classics. {Tn: fbid. Vol 13, 1991:227-39.)

56— < L——— 'un 3. Anothes 100 from the Cliaricn Classics hall of fame.
(In: Ibid. Wol 13, 1990:301-15.) !

7. Small H. Co-citation in the scientific literature: 3 new measure of the relationship between two
documents. J Amer Soc Inform Sci 1973;24:265-9, (Reprinted in: /Bid Val 2, 1977:28-31.)

55 Small H, Garfield E. The geogrzphy of science: discipinary and national mappings.
T Inform Sci 1985:147-59. (Reprinted in: fhid. Vol 9, 1988:325-35.)

This anticle appeared in Vol. 13. No. 2 of Theoretical Medicine. p. 117-35, June 1992
meﬂmmmm.@;m

12 CURRENT CONTENTS® €932 by 1518




