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In 1974 the Science Citation Index® (SCI®) covered about 401,000 urticles
and communications in 2,443 scientific and technical journals. They cited
about 3.2 million different publications un average of 1.8 times euch. In this
article some results of an analysis of more than 5 million citations in the
references of journal articles indexed for the SClin 1974 are presented and
an attempt is made to interpret those results in the light of an carlicr study

of 1969 citations.

The basic information recorded 1n
the SCI for citing and cited papers is a
“condensed citation.”’ Tt gives first
authot, year, journal, volume, and
page. The citing—-cited pairs can be
sorted and subsorted in various ways,
as one’s interests dictate. Sorting by
cited author produces the Cration
Index section of the SCI. Sorting by
citing and cited journals produces
the two major sections of the Jowrnal
Cutation Reports ® (JCR™).

ISI® ’s Journal Citation Reports is
an index of journal-journal links
based on a grouping and summation
of condensed citations using journal
rather than author as the primary
sorting key. A preliminary JCR,
based on an analysis of 1969 re-
ferences,] appeared in 1972.2 This
ycar the JCR became a regular
section and volume of the SCL.3 It is
the source of the 1974 citation data
discussed here.

In this report 1 have used two
indicators of journal significance:

total citations and impact. The first
is simply the number of times a
journal was cited in 1974, Impact,
on the other hand, i1s a measure of
the relationship between citations
and articles published. For this re-
port. impact was calculated by di-
viding the number of 1974 citations
of 1972 and 1973 articles by the
number of articles published in 1972
and 1973. For example, the 817 ar-
ticles published in 1972 and 1973 in
the Journal of Molecular Biology were
cited 6,129 times in 1974, The tmpact
of the journal is therefore 7.502.
Fig. 1 (a) lists the 206 journals
most cited in 1974, Fig. 1(b) lists an
additional 78 journals whose 1972
and 1973 articles only—rather than
articles of any and all years, as in
Fig. 1(@)—were highly cited 1n 1974.
(The total of 284 journals in Fig.
1(@ and &) corresponds to the
number of journals listed in Fig.
2 (@ and ), which have impacts
greater than 2.) In most cases (63%)
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Fig. 1a, Journals most highly cited in 1974. Journals are listed in
descending numerical order of total citations in the references of
1974 issues of journals processed for the Science Citation Index.
A rank in terms of total 1974 citations. B: rank in terms of
total 1969 citations. C: total 1974 citations. D: 1974 impact.
E: total 1974 citations of 1972 and 1973 articles. F: rank in
terms of 1974 citations of 1972 and 1973 articles. An asterisk
before a journal title indicates that counts for sections, retitled
continuations, translated versions, and so on, have been
combined with those for the original; the number in parentheses
after the journal title indicates the number of such sections,
and so on, that went into the combination, including the original.
b, Journals whose 1972 and 1973 articles were highly cited in
1974. Journals are listed in descending numerical order of total
1974 citations of their 1972 and 1973 articles. Journals ranking
higher in this respect will be found among the journals listed
in Fig. la. See the legend of Fig. 1a for significance of the
column markers. An asterisk before a journal title indicates
that counts for sections, retitied continuations, translated
versions, etc., have been combined with those for the original;
the number in parentheses after the journal title indicates the
number of such sections, etc., that went into the combination,
including the original. The datg of a journal's inauguration
follows its title.
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Fig. 2 . High-impact journals in 1974 (excluding review journals).
Journals are listed in descending numerical order of 1974 impact
factor. b, High-impact review journals. A: rank in terms of 1974
impact; B: 1974 impact; C: 1969 impact; D: total 1974 citations

of 1972 and 1973 articles; E:
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Fig. 3 Significant journals in three scientific specialities. Each
list gives journal, (A) total 1974 citations, (B) impact factor,
(C) total 1974 citations of 1972 and 1973 articles, (D) number of
1974 articles. Journals are listed in alphabetical order. The
botany joumals include all with more than 600 citations or an

impact greater than 1.

The astronomy/astrophysics journals

include all with more than 400 citations or an impact greater
than 0.8. The mathematics journals include all with more than
500 citations or an impact greater than 0.5.

BOTANY

Journal

Am ] Botany
Ann Botany

Annu Rev Phytopathol
Annu Rev. Plant Physiol

Bot Review

Can ] Botany

] expl Botany

J Phycology
Mycologia

New Phytologist
Physiol Plant Pathol
Physiol. Plantarum
Physiol Veget
Phytochemistry
Phytopathology
Plant Cell Physiol
Plant Dis Reporter
Plant Physiology
Planta

Trans Br. Mycol Soc
Z Pflanzenphysiol

A

3710
1674

566
1760

585
2897
1762

653
1143
1405

206
2617

322
4369
4842
1223
1489
8835
4308

947
1008

B

1.378
1.069
2.047
7.316
3.000
1.069
1.506
1.409
0.607
1.158
1.152
1.555
1.172

C

357
232

88
278

66
729
369
193
176
300
114
479
116

1.108 1568

1.155
1.164
0.413

789
327
307

2580 1935
2.589 1261

0.610
1.340

186
351

D

127
130
21
19
5
343
120
74
128
115
49
196

624
372
115
379
373
219
171
180



Tri

ASTRONOMY/ASTROPHYSICS

Journal

Ann. Geophysique Paris
Annu. Rev. Astron. Astrophys.
Astron. Zh

Astronomical ]

Astronomy Astrophysics
Astrophys. J.

Astrophys. Letters
Astrophysics Space Sci.

Farth planetary Sci. Letters
EOS Trans. Am. geophys. Union
Geochim. cosmochim. Acta
fcarus

J. atmosph. Sci.

J. atmosph. terrest. Physics

J. Reophys Res

} Spacecraft Rockets

Mon. Not. R astron. Soc
Planetary Space Sci.

Publ. astron. Soc. Japan

Publ. astron. Soc. Pacific
Publ. Dominion astrophys. Observatory
Q J.R_astron. Soc.

Solar Physics

Revs Geophys. Space Physics
Sov. Astronomy A}

Space Sci. Revs

Z. Astrophysik

A

588
955
738

2383

3899
22201
879
963
2987
625
4023
1453
2630
1886
15281
421
3858
2321
360
1191
136
128
2831
872
456
637
597

B C

0.786 110
8.879 243
0435 171
1.95% 545
2.267 2018
4.068 7451
1.209 347
1.048 395
1.802 827
12.967 389
4.056 1160
3.489 785
2.051 769
1.322 509
2.536 3854
0.334 139
2.467 1036
1.645 671
0.874 8%
1.081 308
1.250 10
0.923 48
1.929 1059
4.339 269
0.295 116
1.718 177

D

28
17
194
182
497
1040

194
189

134
150
211
210
791
199
249
155

161

20
282

194
34

MATHEMATICS

Journal

Acta Math.

Adv. Math.

Am. J. Math

Ann. Mathematics

Bull. Am. math. Soc.
Comm. pure appl. Math.
C.r. Acad Sci. A

Duke math. §.

Indiana Umiv. math. J.
Inventiones math.

] Algebra

J- differencial Equations
J. mach. Anal. Appl.

J- Math pures appl.
Math. Annin

Math. Computation
Math. Z.

Michigan math. J.
Pacific J. Math.

Phil. Trans. R. Soc. A
Proc. Am. math. Soc.
Proc. Cambridge phil. Soc.
Proc. London math. Soc.
Q. appl Math.

SIAM ] math. Analysis
SIAM J. num. Analysis
Studia math.

Studies appl. Math.
Trans Am. math. Soc

A

675
187
1064
1921
1281
750
845
711
207
383
834
375
871
201
1190
602
1150
275
1133
1765
1725
1348
834
538
107
333
506

2622

B

2.083
0.647
0.474
1.226
0516
0.598
0.210
.39
0.590
0.808
0.775
0.610
0.393
0.879
0.381
0.557
0.471
0482
0.279
1.016
0.304
0.397
0.533
0.505
0.467
0.662
0491
0.615
0.488

C D
75 18
44 50
54 38
108 35
221 241
49 25
360 688
70 86
111 94
105 67
248 213
11 60
190 235
29 27
123 145
107 109
164 152
40 38
180 239
188 43
433 516
91 103
81 78
49 49
56 93
100 89
106 59
32 20
371 340



these journals began publication in
the 1960s and 70s. Older journals
likc the Comptes Rendus rank well
in Fig. I(a). mainly because there is
so much that can be cited. Fig. 1(5)
is a nceded supplement to the list in
Fig. 1(a), since the journals have
high current citation but lack histor-
ical mass to push them up into the
top of a list ranked by total citations.

Figures 2 (¢ and 4) show the 284
journals with impacts greater than
2. Fig. 2(a) lists 206 primary jour-
nals. Fig. 2(b) lists 78 review jour-
nals; the impact of review journals
is gencrally higher than that of
primary journals.

Figure 3 lists journals that
rank highest in citation and im-
pact for three specialties: mathe-
matics, botany, and astronomy/astro-
physics. The differences in average
impact and citation between the
three illustrative categories indicate
why comparisons between journals in
ditferent  specialities may  be  in-
vidious. For example, it would be
foolish to conclude merely on the
basis of citation counts that Astro-
physical Journal is a **better’’ jour-
nal than Annals of Mathematics, or
to hypothesize without a great deal
of study which serves its own field
“better.””

Variation from field to field is
determined by the interplay of sev-
cral factors. Perhaps the most im-
portant is the average number of
references per paper in the field.4
In general, mathematicians cite less
than half as many papers as do bio-
chemists. Engineers on the other
hand cite books as heavily as jour-

als, as do social scientists. Fur-

thermore, calculation of impact
based on 1972 and 1973 publications
is bound to affect the impact of
journals in a field like mathematics,
where citation of older literature is
far more common than in others.
Thus, the impact of mathematics
journals would be higher if calcu-
lated on the basis of 1970 and 1971
publications.

It seems necessary to point out
the obvious, as | have done in pre-
paring Fig. 3, because one short-
sighted criticism of the JCR has
been that its listings and rankings
are undiscriminating. One can get
from the JCR information on jour-
nals within disciplines for intra-
disciplinary comparison. None of
the mathematics journals listed in
Fig. 3 was cited enough to appear
in Fig. 1(a), but the citation counts
and impact factors show plainly that
the two leading mathematics jour-
nals are Transactions of the Ameri-
can Mathematical Society (on the
basis of total citations) and Acta
Mathematica (on the basis of im-
pact). In both citation and impact the
average mathematics journal ranks
lower than the average astronomy
or botany journal.

If one wishes to add to a general-
science collection the two or three
leading journals of mathematics,
botany, or astronomy/astrophysics,
one must examine longer lists and
select from them the top journals in
each speciality, as [ have done in
preparing Fig. 3.

The remarkable stability of the
significant journals of science is
attested by their continued high
citation and impact. Of the 206
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journals most cited in 1969, 169
remain among the top 206 in 1974.
One may regard the changes as the
result of healthy competition. The
37 journals that dropped from the
206 most cited between 1969 and
1974 rank between 224 and 426 in
the complete listing that appears in
the JCR.S

Perhaps the point to be stressed
in presenting these data is the
bibliographic law of concentration.6
When the SCI was first reviewed in
Nature more than a decade ago,’
the scope of its journal coverage
was called into question. | believe
time has shown beyond doubt that
the important literature of science is
encompassed by fewer than 1,000
journals. And even fewer account
for the truly significant. Of some
45,000 serials of all kinds received
by the British Lending Library, two-
thirds are rarely, if ever, subject of
request. A small core of about 5,000
accounts for almost 80% of all
requests.8

In using the data presented here,
one should be aware that we revised
our definition of ‘“‘source items”
uscd to calculate impact. In 1969 we
included as source items much
material  (edirorials, non-scientific
and non-technical correspondence,
news notes, and so on) that does not
by its very naturc invite citation in
scientific and technical reports. This
policy worked to the disadvantage
of some major journals. Our rede-
finition accounts in part for the
changed impact in 1974 of journals
like Nature, Science, Lancet, Jour-
nal of the American Medical Associa-
tion, and British Medical Journal.

What is the significance of jour-
nal impact? By demonstrating that
only 150 journals have impacts
greater than 3, 1 believe we have
established the fudlicy of discus-
sions based on the assumption that
the average library must acquire
and store thousands of journals.
Since the average impact in 1974
was 1.015, any of the journals listed
in the figures is likely to be a good
candidate for selection.

Fig. 2(b) shows clearly the impor-
tance of review journals, confirming
our earlier studies. Their extraordi-
nary impact, along with a surge in
the number of review-type articles
and publications, led to ISI's deci-
sion to publish Index to Scientific
Reviews ™.9

Clearly, a large part of the scien-
tific record is of low impact. Only
careful study can show whether this
fact supports or contradicts the idea
that science is built on the accu-
mulated results of average cffort
that prepare the way for break-
throughs.10 In any event, the data
scem to me to warrant an examina-
tion of the cost-effectiveness of the
present publishing system. Jour-
nals devote to the mass of rarely
cited papers the same resources as
to the small part that citation anal-
ysis shows to be important. Less
than 1% of all papers cited will be
cited ten or more times in any
annual SCI. Although more than 40
million references have been pro-
cessed for the SCI during the past
fiftcen years, only 116,400 papers
have been cited ten times or more in
any onc vear.

One would hope that the avail-
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ability of Jowurnal Citation Reports
will have a salutary effect on edi-
torial complacency. A change in a
journal’s citation rate or impact rate
is proper reason for editorial con-
cern, admitting that factors beyond
editorial control may be respon-
sible. Thus, a drop in the impact of
the leading Soviet journal of physics
Zhurnal Eksperimentalnoi i Teoreti-
cheskoi Fiziki, or a rise in the im-
pact of Teploenergetika (translated
as Thermal Engineering) may re-
flect a shift in interest or emphasis
of research worldwide. But a
change in citation rate or impact
rate may just as likely reflect a
change in quality of output.
Journal citation analysis can be
quite complex in some cases. The
problem of Soviet publications is
onc such case. Apart from the usual
bibliographic problems encounter-
ed, one must deal with the fact that
most leading Soviet journals appear
in two versions, Russian and Eng-
ish. Fizika i Tekhnika Poluprovod-
nikov appears in English as Soviet
Physics Semiconductors. Clearly
that is not a close translation of the
title, much less a transliteration. Such
bibliographic casualness about titles is
bad c¢nough, but there is worse.
Most of the retitled translations
appear about a year after the
originals. This means, if one as-
sumes that the translation is the
major stimulant of subsequent cita-
tion in Western journals, that the
citable life of the Soviet literature is
unfairly shortened at the outset by
an overlong gestation period. And
the outset is important, for if an
article is going to be cited, it is most

likely to be cited during the first or
sccond year after publication. In the
case of Russian journals, citations
contributed by translated versions
arc usually out of phase with those
of the rest of the literature. To
assure confusion worse confounded,
somec of the translated versions
have volume and page numbers
different from the Russian origi-
nals. In our tabulations for the JCR,
we have as far as possible com-
pensated for these annoying
vagaries.

As the data show, new journals
can achieve high impact quickly.
Good examples are Cellular Im-
munology (first published 1970) and
Prostaglandins  (1972). Their total
1974 citation counts were 2,809 and
1,470 respectively; their impacts,
4.848 and 5.247. Among the newer
journals the ‘European’ journals are
especially notable in this respect.
FEBS Letters (began 1968, impact
3.049); Ewuropean Journal of Bio-

chemistry (began 1967, impact
3.874); European Journal of Im-
munology (began 1971, impact

4.852). We must hope that inter-
nationalization of journals will con-
tinue. I believe that Latin-Ameri-
can, Asian, and African journals
would do well to consolidate in like
manner to produce fewer but larger
journals. It is clear that a large
journal, even if less than first class,
is more difficult to ignore than a
smaller journal with equal and per-
haps greater impact.

In some cases, however, consoli-
dation is inappropriate and may be
detrimental. Take, for example,
Journal of the American Chemical
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Society (JACS) and Journal of the
Chemical Society. The Journal of the
Chemical Soctety encompasses nine
different subtitled journals. If one
were to consolidate comparable
journals of the American Chemical
Socicty, their total citation count
would be about 183,000, almost
double the 98,995 of the JACS. The
impact of this conglomerate would,
however, be only 3.381 (respectable
cnough) rather than 4.383. Insis-
tence by the Chemical Society upon
corporate identity for its journals by
mecans of an identical *“main title™
with repeatedly retitled sections s
the source of bibliographic confusion,
as well as of much tedious work
in sorting out citation data. It scems
to mc that most commercial pub-
lishers would have refused to scrap
a title as well-known as Trans-
actions of the Furaday Society. In
my opinion, the umbrella of a
corporate main title for all a socicty’s
journals does little for their indivi-

dual identitics.

1 have avoided commentary on the
performance of specific journals,
preferring to use the space granted
me here for data rather than com-
ment and speculation. And | have
published many such analyses,
usually on a categorical basis in
Current Contents® . All of them have
had the same purpose, and lead to
the same general conclusion. Sci-
ence needs objective criteria for
measuring the performance of jour-
nals. Citation analysis seems to
offer a sound beginning. Con-
sidering the paucity of management
tools available to the average
scicnce librarian—general or
specialist—and considering as well
the often prejudicial role of indivi-
dual scientists in journal sclection
(we all have our favourite journals),
I feel that the JCR data can provide
a more reliable basis for journal
sclection than any we have had until
now,
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