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Significant journals of science

Eugene Garfield*

In 1974 the Science Citation Index (SCI) covered about 401,000 articles and communications in
2,443 scientific and technical jourrals. They cited about 3.2 million different publications an average

of 1.8 tim

each. In this article some results of an analysis of more than 5 million citations in the

references of journal articles indexed for the SCI in 1974 are presented and an attempt is made to
interpret ¢f those results in the light of an earlier study of 1969 citations.

THE basic information recorded in the SCI for citing and
cited papers is a “‘condensed citation.” It gives first author,
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 Ciration Index
section of the SCI. Sorting by citing and cited journals
produces the two major sections of the Journgl Ciration
Reports (ICR).

ISI's Journal Citation Reports is an index of journal-
journal links based on a grouping and summation of con-
densed citations using journal rather than author as the
primary sorting key. A preliminary JCR, based on an
analysis of 1969 references’, appeared in 1972°. This year the
JCR became a regular section and volume of the SCP. 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, is a2 measure of the relationship between
citations and articles published. For this report, impact was
calculated by dividing the number of 1974 citations of 1972
and 1973 articles by the of articles published in
1972 and 197}, For example, the 817 articles published in
1972 and 1973 in the Journal of Molecular Biology were
cited 6,129 times in 1974. The impact 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. ((@)—were highly cited in 1974. {The total of 284
journals in Fig. 1(a) and () corresponds to the number of
journals listed in Fig. 2(a) and (b), which have impacts
greater than 2.) In most cases (63%) these journals began
publication in the 1960s and 70s. Older journals like the
Comptes Rendus rank well in Fig. 1(a), mainly because
there is so much that can be cited. Fig. 1(&) is a needed
supplement to the fist in Fig. I{a), since the journals have
high current citation but lack historical mass to push them
up into the top of & list ranked by tota) citations.

Figures 2(a) and (b) show the 284 journals with impacts
greater than 2. Fig. 2(g) lists 206 primary journals. Fig. 2(b)
lists 78 review journals; the impact of review journals is
generally higher than that of primary journals,

Figure 3 lists journals that rank highest in citation and
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impact for three specialities: mathematics, botany, and
astronomy /astrophysics. The differences in average impact
and citation between the three illustrative categorifs in-
dicate why comparisons between journals in different
specialities may be invidious. For example, it would be
foolish to conclude merely on the basis of citation counts
that Astrophysical Journal is a “better™ journal than
Annals of Math or to hyp ise without a great
deal of study which serves its own field “better.”

Variation from field to field is determined by the inter-
play of several factors, Perhaps the most important is the
average number of references per paper in the field'. In
general, mathematicians cite less than half as many papers
as do biochemists. Enginecers on the other hand cite books
as heavily as journals, as do social scientists. Furthermore,
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 calculated on the basis of 1970
and 1971 publications.

It seems necessary to point out the obvious, as I have
done in preparing Fig. 3, because one short-sighted criticism
of the JCR has been that its listings and rankings are un-
discriminating. One can get from the JCR information on

r Fiemint:

journals within di for y ison.
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 mathe-
matics journals are Transactions of the American Mathe-
matical Society (on the basis of total citations) and Acra
Mathematica (on the basis of impact). 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 I
have done in preparing Fig. 3.

The remarkable stability of the significant journals of
science is d by their inued high citation and
impact. Of the 206 journals most cited in 1969, 169 remain
among the top 206 in 1974. One may regard the changes
as the resuit of healthy petition. The 37 j s 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'.




Fig. 1a, Journals most highly cited in 1974. Journals are listed in

ing numerical order of total citations ia the references of
1974 jssues of journals processed for the Science Citation Index.
A: rank in terms of tota) 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 & journal title indicates that counts for seciions, retitied
continuations, translated versions, and so on. have been
combined with those for the original; the number in parentheses
after the journal sitle indicates the number of such sections,
and so on, that went into the combination, including the original.
b, Journals whose 1972 and 1971 articles were hghly 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 fcund smong the journals listed
in Fig. la. See the legend of F , la for significance of the
column markers. An asterisk before a journal title indicates
that counts for sections, retitled 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, ete., that went into the combination,
including the original. The an; of a journal’s inauguration

follows its title.
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Perhaps the point to be stressed in prescntmg these data
is the bibli hic law of . When the SCI
was first reviewed in Nature more than a decade ago’, the
scope of its journal coverage was called into question.
I 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’.




gb 2 a,

are listed in d

High-impact journals in 1974 {excluding review journals).
ding numerical order of 1974 impact

factor. b, High-impact review journals, A: rank in terms of 1974
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Expl Hematology
Acta endocrinologica
Inorg. Chemistry
Neurcendocrinol:
Cold Spring Harbor Symp.
Neuropharmacology
Am. J. Physiology
Hormones Behavior
Chem. Physics Letters
J. organomet. Chem,
Metabolism

Analyt. Biochem.
Am. Zoologist
Mutation Res.
Cancer ..

J. Reprod. Fent.

). peychiac. Res.
Proc. R. Soc. Lond.
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2.349
2.347
2,387
2.9%4
2.311
2.297
2.291
2.286
2.279

2.276

2073
2071
2.062
2.056
2.054
2.051
2.041
2052
2.081
2.024
2.023
2.022
2.016
2013

26,579
22.643
21.500
19.358
16.795
15.778
13 851
12.545
11.633
11.154
9.700
9.577
9.200
8879
7.87%
7.433
7.765
7.40%
1.875
7.316
7.14%

6.963
6.679
6.636
6.581

Psychol. Bull

Psychopharmacologi

Drug Metab. Disposition

Molecular Physics

Faraday Disc. chem. Sor.

J. Verbal Learning Verbal Behav

Hoppe-Seyter 2. physiol. Chem

Organic Mas Spectrometry

J. Neurocytology

Macromolecules

Photachem. Photobdiol.

Astronomy Astrophysics

J. Steroid Biochem.

Invesz. Ophthalmology

Transplantation

Gen. comp. Endocrinol.

Cell Tinsue Kinetics

Archa Neurology

Brain

Acta physiol. scand

Archs internasl Med

Analytical Letters

Physics Today

Neurology

]. Chromatography

J. gen. Microbiology

). non-crystalline Solids

Diabetologia

Physics Letiers

Ann. Surgery

Ann. Physics

Am. |. Obstet. Gynecol.

Eur. ). clin. Pharmacol

Analytica chim. Acta

Eur. J. Cancer

Acta mathematica
magnetic Resonance

Expl Eye Res.

Cell Differentiation

Life Sciences

Contraception

Int. ]. Radiation Biol

J. Atmospheric Sci

J. Antibiotics Tokyo

Infection Immunity

J. phys. Chem

Aesthesiology

Biochem. Pharmacol

Theor :him Acta

J. opt Am

Proc Imm elect] elecur. Engrs

Transplandation Revs
Adv. Immunology

Rews mod. Physics

Annu. Rev. Biochem.
Bacteriol. Reva

Curr. Topics Microbiol
Physiol. Revs

Progr. Allergy

Rec. Progr. Hormone Res
Chem. Revs

Adv. inorganic Chem. Radiochem.

Pharmacol. Revs

Adv. chem. Physics

Annu. Rev. Astr. Astrophys.
Prog. Biophys. molec. Biol
Curr. Topics cell. Regulation
Prog. nucleic Acid Res.
Acets chem. Res.

Adv._ Physics

Annu. Rev. Plani Physiol
Curr. Topics dev. Biol.
Annu. Rev. Pharmacol
Adv. Cancer Res.

Aannu. Rev. Genetics

Ady. Protein Chem

Annu. Rev. Physiol
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27 6435 9600 Adv. 193 0
28 6.357 3.384  Ergphysiol. biol. Chem. exp. Pharm. 88 14
29 6.3 NA  Adv. organomet. Chem. 92 15
S0 6083 18.000 Prog. phys. org. Chem, s ar
St 6.000 NA  Topics Stereochem. E 2 4
st 8788 —  Annu. Rev. Biophps. aw 1712 w0
3% 5689 —  Chem. Soc. Revs 2% 45
$4  5.500 NA Inc. Rev. Cyrology 209 38
35 S.444 —  Adv. cell. molec. Biol. 49 9
%6 5214 — Q. Rev. Biophysics LI
37 5.045 NA  Adv. Quantum Chem. 1l 7
33 5.000 NA  Adv. Colloid Interface Sci. 25 5
38 5.000 NA  Blectroanalyt. Chem. 15 s
38 5.000 3.647 Vitamins Hormones 85 u
41 4928 —  Adv. cyclic Nucleotide Res. 256 52
42 4775 6.545 Annu. Rev. Microbiol. 151 L
43 469 5176 Biol. Revs Cambridge Phil. Soc. 1% 19
44 4500 16.285 Solid St. Physics 45 10
45 4975 NA  Int. Rev. Neurobiol. 35 L]
¢ 4339 4.685 Rev. Geophys Space Physics 269 62
47 4.300 —  Adv. Human Genetics 43 10
48 4188 5000 Medicine 268 [}
49 4176 NA  Adv. microb. Physiol 71 17
50 4.156 4.433 Psychol Rev 320 ”
51  4.000 NA  Adv. Lipid Res. 52 13
52 3.783% 5629 Annu. Rev. nucl Sci 87 28
53 3750 4695 Coordination Chemn. Revs 255 68
53 3750 NA  Prog. med. Virol. 60 16
55 3.500 3.555 Annu. Rev. phys. Chem. 183 .
8% 3500 NA  Prog. med. Genetics 9 14
57 3.462 NA  Prog. Surf. Membrane Sci 45 13
58 3.412  7.333 Adv. ViusRes 58 i)
5% 3.000 NA  Adv. metab. Disordens 1) 7
59 3.000 3.BI8 Botanical Rev 66 2
59 3.000 Drug Metab. Reva 2 14
59 3.000 NA  Emays Biochem. 7 9
59 9.000 NA  Prog. Materials Sci 15 L)
64 2923 NA  Catalysis Revs % 26
65 2909 4.500 Prog. cardiovasc. Dis 160 55
66 2900 NA  Int. Rev expl Pachol. 29 10
67 2844 8296 Rep. Prog Physica 128 45
68 2.746 4.235 Annu. Rev. Medicine 173 63
69 245 4.000 Adv. Enzyme Regulation 106 43
70 2462 0176 Q. Rev. Biology 64 26
71 2273 5600 Adv. Carbohydr. Chem. Biochem. 4] n
72 2,250 2888 Harvey Lectures 3% 16
73 2200 NA  Adv. clin. Chem 2 10
74 2188 NA  Adv. Pharmacol 35 16
75 2.086 NA  Annu. Rev. Psychal ki} »
76 2.079 5485 Annu. Rev. Entomology 79 8
77 2071 NA  Applied Spectrosc. Rev 2 14
78  2.047 4.914 Annu. Rev. Phytopathol. (] 43

In using the data presented hcrc, one should be aware
that we revised our definition of “source items™ used to
calculate i In 1969 we included as source items much
material (editorials, non-scientific and non-technical cor-
respondence, news notes, and so on) that does not by its
very nature invite citation in scientific and technicat rcports
This policy worked to the disadvantage of some major
journals. Our redefinition accounts in part for the changed
impact in 1974 of journals like Narure, Science, Lancet,
Journal of the American Medical Association, and British
Medical Journal.

What is the significance of journal impact? By demon-
strating that only 150 journals have impacts greater than 3,
1 believe we have established the futility of discussions
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 importance of review journals,
confirming our earlier studies. Their extraordinary impact,
along with a surge in the number of review-type articles and
publications, led to ISI's decision to publish Index to
Scientific Reviews'.

Clearly, a large part of the scientific record is of low
impact. Only careful study can show whether this fact




Fig. 3 Significant journals in three scientific specialits
list gives journal, (A) total 1974 citations, (B) impact faclor
(C) to1al 1974 citations of 1972 and 1973 asticles, {D) number of
1974 articles. Joumnalt are listod In al; phnbeticnl order. The
botany journals include all with more than 600 citations or an
act greater than 1. The astronomy/astrophysics journals
mtgudc all with more than 400 citstions 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 A B € D
Am ] Botany 3710 1.378 357 127
Ann. Botany 1674 1069 232 130
Annu Rev. Phytopathol 566 2.047 88 21
Annu Res Plant Physiol 1760 7.816 278 19
Boi Review 585 3000 66 3
Can. | Botany 2897 1.069 719 343
J expl Botany 1762 1506 959 120
) Phycology 653 1409 193 74
Mycologia 1143 0607 176 28
New Phytologiu 1405 1158 300 115
Physiol Plam Pathol 26 1152 114 49
Physiol. Plantarum 2617 13555 479 1%
Physiol . Veget 522 1172 116 43
Phyochermisiey 4363 1108 1568 624
Phytopathology 4842 1155 789 372
Plant Cell Physiol 1229 1164 3B) LIS
Plant Dis Reporter 1489 0.413 307 379
Plant Physiology B85S 2580 1935 N
Planta 4308 2589 1261 219
Trans. Br Mycol Sac 947 0.610 186 171
2. Pllanzenphyniol 1008 1.340 %51 180
ASTRONOMY/ASTROPHYSICS

Journal A B C D
Ann Geophysique Paris 588 0786 110 28
Annu Rev. Anron Astrophys 955 8379 248 17
Astron Zh 738 0.435 171 194
Astronomical | 2383 1.953 545 182
Astronomy Astrophysics 3899 2267 2018 497
Antophys. ) 22201 €.063 7451 1040
Asrophys. Letiers 879 1209 347
Astraphysics Space Sci 963 1.048 395 194
Earth planciary Sci Letters 7387 1802 827 189
EOS Trans Am. geophys Union 625 12967 389 28
Geochim cosmochim Acia 40P 4.056 1160 134
fcarus 1453 3.489 78BS 150
} atmosph Sci 2650 2051 769 2l
] atmosph. terren. Physics 1886 11322 509 210
J. Reophvs Res 15281 2 536 3854 791
]. Spacecraft Rockets 421 0334 139 199
Mon. Not. R. amtron. Soc 3858 2 467 1036 249
Planctary Space Sci 2521 1645 671 138
Publ asron. Soc japan 360 0.874 8 a4
Publ. asiron. Soc Parific 1191 1081 308 161
Publ. Dominion asrophys Observatory 156 1250 10 2
QJ.R astron Soc 128 0983 48 20
Solar Physics 2831 ) 929 1059 282
Revs Geophys. Space Physics a7z 4339 269 40
Sov Astronomy Af 456 0295 116 194
Space Sci Revs €37 1718 177 M
Z. Astiophysik 597
MATHEMATICS

Journal A B C D
Acta Math 675 2083 75 18
Adv. Mach 137 0647 44 50
Am. ] Math 1064 0.474 54 38

Ann. Mathematics
Bull. Am. math. Sac

1921 1226 108 388
1281 0516 221 24)
Comm. pure appl. Math 7% 0598 49 28
Cor Acad Sci A 845 0210
Duke math. ) 71 0391 0 86
Indjana Univ. math | 207 0590 111 9

Invensiones math 383 0.808 105 67
. Algebra 834 0.775 248 218
J. differential Equations 375 0610 111 60
J math. Anal. Appl 871 0393 1% 235
] Math. pures appl 01 0879 23 27
Math. Annin 1190 0381 123 145
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602 0.557 107 109
0471 164 152

Mach, Computation
Mach. 2

M-:h.,.n math. ] 275 0482 40 38

1133 0279 180 299

1765 1.016 188 43
Proc Am. math. Soc 1725 0.304 438 516
Proc. Cambridge phil. Soc 1548 0397 91 109
Proc London math Soc 834 0513 @ 78
Q apph Math 538 0505 49 43
SIAMJ. math Analyss 107 0467 56 93
SIAM | num. Analysis 338 0662 100 8%
Studia mach 506 0491 106 59
Studies appl. Math 99 0615 32 20
Trans Am. math Soc 2622 0488 37) 340

supports or contradicts the idea that science is built on
the accumulated results of average cffort that prepare the
way for breakthroughs™. In any event, the data seem to me
to warrant an examination of the cost-effectiveness of the
present publishing system. Journals devote to the mass of
rarely cited papers the same resources as to the small part
that citation analysis shows to be important. Less than 1%
of all papers cited will be cited ten or more times in any
annual SC/. Although more than 40 million references
have been processed for the SC/ during the past fifteen
years, only 116,400 papers have been cited ten times or
more in any one year.

One would hope that the availability of Journal Citation
Reports will have a salutary effect on editorial complacency.
A change in a journal's citation rate or impact rate is
proper reason for editorial concern, admitting that factors
beyond editorial control may be responsible. Thus, a drop
in the impact of the leading Soviet journa! of physics,
Zhurnal Eksperimentainoi i Teoreticheskoi Fiziki, or a rise
in the impact of Teploenergetika (translated as Thermal
Engineering) may reflect 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 quatity of
output.

Journal citation analysis can be quite complex in some
cases. The problem of Soviet publications is one such case.
Apart from the usual hibliographic problems encountered,
one must deal with the fact that most leading Soviet journals
appear in two versions, Russian and English. Fizika i Tekh-
nika Poluprovodnikov appears in English as Sovier Physics
Semiconductors. Clearly that is not a close translation of
the title, much less a transliteration. Such bibliographic
casualness ahout titles is bad enough, but there is worse.
Most of the retitled translations appear about a year after
the originals. This means, if one assumes that the transla-
tion is the major stimulant of subsequent citation 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
second year after publication. In the case of Russian
journals, citations contributed by translated versions are
usually out of phase with those of the rest of the literature.
To assure confusion worse confounded, some of the trans-
lated versions have volume and page numbers different from
the Russian originals. In our tabulations for the JCR, we
have as far as possible compensated for these annoying
vagaries.

As the data show, new journals can achieve high impact
quickly. Good examples are Cellular Immunology (first
published 1970) and Prosraglandins (1972). Their total 1974
citation counts were 2.809 and 1,470 respectively; their
impacts, 4848 and 5.247. Among the newer journals the
‘European’ journals are especially notable in this respect.
FEBS Letrers (began 1968, impact 3.049); European Journal
of Biochemistry (began 1967, impact 3.874); European
Journal of Immunology (began 1971, impact 4.852). We
must hope that internationalisation of journals will con-
tinue. 1 believe that Latin-American, Asian, and African



journals would do well to consolidate in like maoner 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 perhaps greater
impact.

{n some cases, however, consolidation is inappropriste
and may be detrimental. Take, for example, Journa! of the
American Chemical Society {JACS) and Journal of the
Chemical Sociery. The Journel of the Chemical Society
encompasses nine different subtitled journals. If one were
to consolidate comparable journals of the American
Chemical Society, 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 (respect-
able enough) rather than 4.383. Insistence by the Chemical
Society upon carporate identity for its journals by means of
an identical “main title” with repeatedly retitled sections
is the source of bibliographic confusion, as well as of
much tedious work in sorting out citation data. It seems
to me that most commercial publishers would have refused
to scrap a title as well-known as Transacrions of the Faraday
Society. In my opinion, the umbrella of a corporate main
title for all 2 society's journals does little for their individual
identities.

1 have avoided commentary on the performance of specific
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journals, preferring to use the space granted me here for
data rather than tomment and speculation. And I bave
published many such analyses, usually on a categorica) basis
in Current Contents. All of them have had the same pur-
pase, and lead to the same gencral conclusion. Science
needs objective criteria for measusing the performance of
journals. Citation analysis seems to offer a sound beginning.
Considering the paucity of management tools available to
the average science librarian—general or specialist—and
considering as well the often prejudicial role of individual
scientists in journal selection (we all have our favourite
journals), I feel that the JCR data can provide a more
reliable basis for journal selection than any we have had
unti} now,
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