
Chapter Nine 

Citation Analysis of Scientific 
Journals 

Citation analysis is used to study the journals of science as well as the people and 
work of science. The citation links between scientific papers, technical notes, 
reviews, and, in some cases, meeting abstracts provide a quantitative picture of jour- 
nal utility and relationships that is useful in many ways. For example, it may be used 
by editors trying to determine their competitive position, information scientists 
studying the structure of the literature, librarians managing journal collections, 
sociologists attempting to define the structure of science itself, and every researcher 
who has a need to identify useful journals when the interaction between specialties 
or disciplines pushes him or her beyond the borders of familiar territory. 

The citation picture of journals is subject to the same qualifications as all other 
citation pictures. Based only on what scientists say about utility and relationships in 
their choice of references, it is not definitive. For one thing, citation links show oniy 
how frequently and where published research is used. How good a measure that is of 
a journal’s utility and relationships varies according to the function of the journal. 
For those whose primary function is to keep scientists informed about what is going 
on in a general news sense, and that publish few research reports or reviews, it is a 
measure of little, if any, reievance. On the other hand, citation links provide a very 
relevant measure of the utility and relationships of journals whose primary function 
is to communicate research results. Even in these cases, however, the citation picture 
is not a definitive one, simply because scientific merit is not always the sole reason 
an author will cite a paper published in a particular journal. Such factors as the 
reputation of the cited author and the visibility, prestige, and accessibility of the 
cited journal may affect, to a greater or lesser degree, the work an author chooses to 
cite. Because of these qualifications, citation pictures of journals have to be used 
with the same care and intelligence as any other type of citation picture: they must be 
applied only where they are relevant, and they must be interpreted within the 
framework of the decision to be made or the hypothesis to be examined. 
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A CITATION VIEW OF JOURNALS 

The preceding qualifications notwithstanding, citation analysis provides a number 
of interesting and useful insights into the network of journals that function as the 
primary, formal communications medium of science. The insights come from five 
different citation measures. 

The basic one is the citation rate of a journal: the number of times it has been 
cited. There are several different ways this figure can be calculated. It can consist of 
all the references to the cited journal, with even duplicate references from the same 
source article counting as separate citation links. At the other extreme, the citation 
rate of a journal can consist of only the number of source articles that cited the jour- 
nal, with multiple references (even different ones) from the same source article 
counting only as a single citation link. Somewhere between these two extremes lies a 
third type of citation rate that consists of the number of references to the cited jour- 
nal, but that discounts duplicate references from the same source article, so they 
count as only a single citation link. The third type of citation rate is the one used at 
ISI. 

Another citation measure is the impact factor, which is the average citation rate of 
a journal’s articles. The purpose of the impact factor is to discount the advantage in 
citation potential that larger/older journals have over smaller/younger journals 
because they publish more material. Again, there are several different ways of 
calculating the impact-factor measure, which is basically a ratio between the citation 
rate of the journal and its citation potential. The difference between the various 
ways lies in the way these two parameters are defined. Citation rate can consist of 
either the number of times cited or the number of items cited. The citation potential 
can consist of either the number of citable items published or the number of cited 
items published. At ISI, citation rate is defined as the number of times cited, while 
citation potential is defined as the number of citable items published. The impact 
factor we use, therefore, is the number of times a journal was cited, divided by the 
number of citable articles the journal published. 

There also are two measures of how frequently journals cite themselves. One is the 
self-citing rate, which shows what percentage of a journal’s references cite articles it 
published. The other is the self-cited rate, which shows what percent of citations 
received by a journal originated in articles published by the journal. 

It is hard to say anything very definitive about these two measures because their 
analytical role has not been worked out. They are being used primarily in studies to 
determine the significance of self-citation practices. Some observers look upon self- 
citation as a self-serving practice, particularly when authors cite their own work. On 
the other hand, it is easy to justify the practice as being nothing more than a 
manifestation of the perfectly normal tendency of a scientist to build on his or her 
own work. Certainly, the practice is common; although precise figures are difficult 
to develop, it would be safe to say that some 10 to 20% of all references cite prior 
work of the source author. The significance of self-citations at the journal level also 
is uncertain. Preliminary studies at IS1 (1) show that among the top 20 most cited 
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journals, the self-cited rate was generally lower than the self-citing rate. This means 
that the references these journals published to their own articles were a smaller 
percentage of the citations they received than they were of the references they 
published. However, when the focus of the study was switched to the group of jour- 
nals that ranked from 500 to 520 in terms of citation rate, the reverse was found to 
be true: their self-cited rate tended to be higher than the self-citing rate. The reason 
for this reversal is not yet clear, but self-citation rates seem to say something about 
the newness, size, and isolation of the intellectual universe in which a journal 
operates. 

The fifth citation measure is an immediacy index, which is a way of showing how 
rapidly a journal’s material is picked up and used. This measure, too, can be 
calculated in several different ways, but the basic parameter used in all of them is the 
number of citations received by articles during the year in which they were pub- 
lished. This parameter can be shown either as a percent of the total number of cita- 
tions received (citation rate) or as a percent of the total number of citeable articles 
published (citation potential). ISI’s immediacy index consists of the latter. 

DATA BASE OF JOURNAL CITATION MEASURES 

All five of these measures are published in the Journal Citation Reports (JCRTM*) 
section of XI for the thousands of cited and source journals covered by the index 
(2). The first issue of JCR was published in the 1975 SCIbut reflected the 1974 cita- 
tion record of the journals covered. The record was based on 4,248,065 citations 
from the references of approximately 400,000 source items published in the 1974 
issues of some 2400 source journals. The references provided citation data on more 
than 2500 cited journals. 

The citation data for these journals is organized into three separate, but related, 
packages. The first is the Journal Ranking Package, which consists of six sections. 
Section I (see Figure 9.1) is an alphabetic listing, by title abbreviation, of 2630 cited 
journals for which it shows: 

l The total number of times cited (citation rate). 
l The number of citations to articles published in 1972 and 1973 (by individual year 

and in aggregate). 
l The number of items published (citation potential) in 1972 and 1973 (by individual 

year and in aggregate). 
l The impact factor. 
l The number of citations to articles published in 1974. 
l The number of items published in 1974. 
l The immediacy index. 

The entry for Acta Anaesthetica Scandinavica in Figure 9.1, then, shows that 
references cited it 287 times; 25 of those references cited articles published in 1973 

*A trademark of the Institute for Scientific Information. 
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Figure 9.1 Journal Citafion Reports (JCR) Journal Ranking Package, Section 1. 
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and 37 cited 1972 material, for a total of 62 references to the material published dur- 
ing that two-year period. It published 54 items in 1973,48 in 1972, and a total of 102 
during those two years; its impact factor is 0.608 (62/102); it published 61 articles in 
1974 and they were cited eight times to produce an immediacy index value of 0.131 
(8/61). 

The other five sections of the Journal Ranking Package show all the same data, 
but the journals are listed in ranked order by the measures of citation rate (Figure 
9.2), impact factor (Figure 9.3), immediacy index (Figure 9.4), items published in 
1974 (Figure 9.5), and number of times 1972-1973 material was cited (Figure 9.6). 

Specimen 

Figure 9.2 Journal Citation Reports (JCR) Journal Ranking Package, Section 2. Ranking by total cita- 
tion rate. 

Specimen 

Figure 9.3 Journal Citotion Reports (JCR) Journal Ranking Package, Section 3. Ranking by impact 
factor. 

Specimen 

Figure 9.4 Journal Citation Reports (JCR) Journal Ranking Package, Section 4. Ranking by im- 
mediacy index. 
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Specimen 

Figure 9.5 Journal Citation Reports (JCR) Journal Ranking Package, Section 5. Ranking by items 
published in 1974. 

Specimen 

Sectton 6 

Figure 9.6 Journal Citation Reports (JCR) Journal Ranking Package, Section 6. Ranking by citation 
rate of 1972-1973 material. 

The other two packages are designed to show the relationships between journals 
as defined by citation patterns. One, the Citing Journal Package, shows the citation 
patterns of the 2443 source journals covered by SCZ in 1974: what journals they 
cited, and with what frequency. The other, the Cited Journal Package, shows the 
sources of the citations to the 2630 cited journals identified by SCZ in 1974 and the 
citation frequency of each source. Both packages also show a distribution of the 
citations by the publication year of the cited material. 

Figure 9.7 shows a sample of the Citing Journal Package. The citing journals are 
listed in alphabetical order by title abbreviation. The first column shows the jour- 
nal’s impact factor; the second, an abbreviation of its title; and the third, the total 
number of references it published in its 1974 material. The remaining columns show 
how these references were distributed by the publication year of the cited material. 
The journals cited by a given journal are listed beneath it in the same column for- 
mat: the first showing their impact factor, the second showing their title abbrevia- 
tion, the third showing the total number of times they were cited, and the rest show- 
ing how the references were distributed by the publication year of the cited material. 
The references of a citing journal, therefore, are distributed by both the journals 
cited and the publication year of the cited material. The cited journals are listed in 
descending order of citation frequency, with the last entry consisting of the ag- 
gregate total of all journals that were cited fewer than six times. Since one of the 
cited journals is always the source journal itself (more often than not, it heads the 
list), the self-citing rate of the source journal can be computed by dividing the 
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number of references to its own material by the total number of references it 
published. 

The entry for Mathematische Zeitschrift in Figure 9.7, then shows that: 
l It published 1090 references (not including duplicate references from the same 

source article) in 1974, 26 of which cited 1974 material, 92 of which cited 1973 
material, 115 of which cited 1972 material, and so on, with 432 of the references 
citing material published in 1964 or earlier. 

l It cited itself more than any other journal, a total of 15 1 times. 
l The 151 references to its own material were distributed as shown, with five citing 

1974 material, 24 citing 1973 material, 18 citing 1972 material, etc., and with 36 
citing material it published in 1964 or earlier. 

l Of the other journals cited, it cited Mathematische Annalen the most frequently: 
60 times. Four of the 60 references cited 1974 material, two cited 1973 material, 
and so on, with more than half of the 60 references citing material published in 
1964 or earlier. 

l Three hundred fifty-six of its references cited material published by 217 journals 
that are not identified. These references are distributed by the publication year of 
the cited material as shown: five to 1974 material, 28 to 1973 material, and so on, 
with 150 to material published in 1964 or earlier. 
What the data in the entry for Mathematische Zeitschrift says about the journal is 

that approximately 40% of its references cited material published in 1964 and earlier 
(432/1090), that 42.6% of its references cited material published in 1969 or later 
(464/1090), that its self-citing rate is 13.8% (151/1090), that language presents no 
barriers to its authors (they cite English, French, German, Russian, and Japanese 
journals), and that the material it publishes is oriented toward physical and applied 
mathematics. 

Figure 9.8 shows a sample of the Cited Journal Package. The format is the same 
as that in the Citing Journal Package, though the data and journals describe the 
number and source of citations received, rather than references published. The cited 
journals are listed alphabetically by title abbreviation, with the impact factor shown 
in the column preceding the title and the total number of times cited shown in the 
column following the title. The rest of the columns distribute the citations received 
by the publication year of the cited material. The journals that were the sources of 
the citations are listed beneath each cited journal, along with their impact factor and 
the number of times they cited it. The source references are distributed by publica- 
tion year of the cited material. Again, the citations received by a journal are 
distributed by both their sources and the publication year of the cited material. And 
the source journals are again listed in descending order of citation frequency, with 
the last entry consisting of the aggregate total of a group of unidentified journals 
that were each responsible for fewer than six citations. Since every journal is cited by 
itself, every cited journal is also listed as one of its own source journals, making it 
possible to compute its self-cited rate by dividing the number of times it cited itself 
as a source journal by the number of times it was cited. 

The entry in Figure 9.8 for the American Journal of Physics, then, shows that: 
It was cited 800 times in 1974, with 14 of the references citing material published 
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Figure 9.7 Journal Citation Reports (JCR) Citing Journal Package. 
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in 1974, 230 citing material published in 1964 or earlier, and the rest being 
distributed over material published during the years in between. 

l It cited itself 243 times and was cited by the Journal of Chemical Physics 29 times. 
l It has a self-cited rate of 30.4% 243/800). 
l Of the citations it received, 28.8% were to material published in 1964 or earlier. 
l It was cited as often by Science as it was by Solid State Communications. 

EXPLORATORY STUDIES 

Data, of course, is an abstraction. Its utility depends on the types of information 
that can be derived from it by analysis. A series of studies conducted by IS1 
demonstrates the most obvious types of information that can be derived from the 
JCR data. Based mostly on a prototype version of the JCR that consisted of data 
from only one quarter of 1969, and that was somewhat less refined (3) than the 1974 
data, these studies were not guided by any particular application objective. They 
were consciously exploratory, with the general purpose of seeing what types of 
useful information could be uncovered by analyzing citation data on various jour- 
nals and groups of journals. 

There was one exception to this exploratory philosophy. For years, I and a few 
others had hypothesized that a small fraction of the scientific journals published 
were responsible for communicating an overwhelming majority of the useful 
research material reported. The first thing I did with the JCR data was to test this 

I I I Ill1 I11111 I1 
100 

w I II,,,, 

z a0 rl-n-TTrr-1m 

x 

Cited journals (No.) 
Figure 9.9 Distribution of citations among cited journals. 
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Figure 9.10 The 152 most frequently cited journals, ranked by frequency of citation in journals covered 
by SCI. 

hypothesis. One result of this test is shown in Figure 9.9, a curve of the distribution 
of citations among cited journals. The curve shows that a core of fewer than 200 
journals accounted for the material cited in approximately half the journal 
references processed for SC1 in 1969, and that only 2000 or so journals accounted 
for the material cited in about 84% of them. The data from which the curve was 
plotted showed that the specific number of journals responsible for the material 
cited in half the references was 152. It also showed that only 540 journals were cited 
1000 or more times that year, and that only 968 journals were cited even 400 times. 
Another result of this test was a list of the 152 journals that were indentified in 50% 
of the citations. This list (see Figure 9.10) shows a multidisciplinary mix of journals 
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Figure 9.10 (continued) 

that makes it obvious that a good, multidisciplinary journal collection need contain 
no more than a few hundred titles. 

These results led to the formulation of the bibliographic law of concentration (4), 
which goes an important step beyond the Bradford law by stating that the tail of the 
literature of any one discipline consists, in large part, of the cores of the literature of 
all other disciplines, and that all the disciplines combined produce a multidisciplin- 
ary literature core for all of science that consists of no more than 1000 journals. In 
fact, this multidisciplinary core might be as small as 500 journals. Though larger col- 
lections certainly can be justified in many cases, the single function of providing 
reasonably cost-effective coverage of the literature most used by research scientists 
requires no more than 500 to 1,000 journals. 

The bibliographic law of concentration has since been validated many times, most 
notably with an anlysis of 1974 JCR data that shows only 206 primary journals and 
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another 78 review journals have an impact factor of three or higher (5). In addition, 
the same analysis produced a list of the 206 journals that were cited most frequently 
in 1974 (Figure 9.11) that was just as multidisciplinary as the one of 152 journals 
produced from the 1969 data. 

The more general types of studies of journal-citation patterns explored the follow- 
ing subjects and produced the following results: 
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Figure 9.11 Journals most highly cited in 1974. A = rank by 1974 citations. B = rank by 1969 citations. 
C = total 1974 citations. D = 1974 impact. E = 1974 citations of 1972 and 1973 articles. F = rank by 
1974 citations of 1972 and 1973 articles. The citation counts for journal titles marked by an asterisk are 
aggregates of multiple sections, retitled continuations, translated versions, etc. The number in paren- 
theses after such journals indicates the number of multiple sections, etc., that were included in the ag- 
gregate count. 
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Figure 9.11 (continued) 

Core Literatures of Chemistry and Biochemistry (6) 

Starting with a single leading journal in chemistry and biochemistry, the core 
literature of each field was defined simply by identifying the journals they cited most 
frequently. The starting point in chemistry was the Journal of the American 
Chemical Society (JACS). The journals it cited most frequently are shown in Figure 
9.12. Biochemistry was chosen as the starting point for its field, and the journals it 
cited most frequently are shown in Figure 9.13. In both lists, the journals marked 
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Figure 9.12 Journals cited most frequently by Journal of the American Chemical Society. Asterisks 
identify journals that also are major sources of references to Journal of the American Chemical Society. 
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Figure 9.13 Journals cited most frequently by Biochemistry. Asterisks identify journals that also are 
malor sources of references to Biochemistry. 
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with an asterisk not only are cited frequently by the subject journals, but also are 
among the main sources of citations to the subject journals. 

An analysis of the two lists shows two distinctly separate core literatures, with 
very little overlap between them. JACS cites very few biochemical journals, whereas 
Biochemistry cites biochemical and biomedical journals heavily. Both draw on each 
other, of course, but with Biochemistry citing JACS much more frequently than the 
other way around. 
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Bulletin of the American Physical Society 
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*Bulletin of the Chemical Society of Japan 
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Figure 9.14 Journals cited most frequently by Journal of Chemical Physics. Asterisks identify journals 
that also are major sources of references to Journal of Chemical Physics. 

Relationship Between Chemical Physics and Physical Chemistry (7) 

Much has been said about the presumed relationship between the physical chemist 
and the chemical physicist. To test that relationship, a list was compiled of the jour- 
nals cited most frequently by the Journal of Chemical Physics (Figure 9.14), and 
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then compared to the list previously compiled of the journals most frequently cited 
by the Journal of the American Chemical Society (Figure 9.12). The most striking 
feature of the Journal of Chemical Physics (JCP) list is the small number of physical 
chemistry journals that appear on it, though the Journal of Physical Chemistry 
ranks fourth. The Soviet Zhurnai Fizicheskoi Khimii. (ZFK), for example, is con- 
spicuously absent. Its absence, however, may be due to a bias in the source-journal 
coverage of SCZ that is a result of the difficulty and cost of covering journals that do 
not use Roman alphabets. Some of the Soviet journals not covered may cite ZFK 
frequently enough to improve its rank on this list. 

A comparison of the JCP and JACS lists shows that both journals cite Nature and 
Science,and at about the same rate. Nature ranks twenty-third on the JACS list with 
a frequency of 208 and twentieth on the JCP list with a frequency of 248. Science 
ranks forty-second on the JACS list with a frequency of 72 and forty-fourth on the 
JCP list with a frequency of 100. Reflecting their historical orientation toward the 
life sciences, both of them ranked considerably higher among the journals cited by 
Biochemistry (Figure 9.13). 

Journal of Experimental Medicine (8) 

The Journal of Experimental Medicine (J. Exp. Med.) was made the subject of a 
citation analysis because of its high impact factor. The 1969 data showed its average 
article was cited 8.3 times, which gave it an impact-factor ranking of thirteenth 
among the journals covered by JCR. Generally, high impact factors indicate basic 
research, but the title of J. Exp. Med. describes it as a medical journal. 

Lists of the 40 journals it cited most frequently (Figure 9.15) and the 40 journals 
that cited it most frequently (Figure 9.16) showed that J. Exp. Med. is clearly a jour- 
nal of immunology. Its references are heavily slanted (in terms of volume) to the 
biochemical and immunology literature, rather than to the clinical literature. On the 
other hand, it is heavily cited by clinical journals. 

An analysis of the Journal of Immunology convincingly confirmed this view of J. 
Exp. Med. as being correct. The top 40 journals it cited most frequently (Figure 
9.17) and the 40 that cited it most frequently (Figure 9.18) display an amazing 
similarity to the lists compiled for J. Exp. Med. The most significant difference bet- 
ween the two journals is seen in their citation rates and impact factors. J. Exp. Med. 
ranks higher on both counts: 15,536 versus 10,492 in citation rate and 8.3 versus 4.1 
in impact factor. 

Though the characterization of J. Exp. Med. as an immunology journal-and 
probably the premier one-may not be news to the people who are familiar with it, 
there is no doubt that there are many medical librarians who subscribe to it on the 
grounds that it is a medical journal. Conversely, there probably are many depart- 
ments of biochemistry and immunology that find those same grounds sufficient 
reason for not subscribing to it. 

The Literature of Rheumatology (9) 

Peter Thorpe of Geigy Pharmaceuticals in the U.K. did a citation study of the 
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Figure 9.16 Major sources of references to 
Journal of Eqwrimental Medicine. 

168 



Rank Times Journal 
Cited Title Abbreviation 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 

1084 
572 
236 
168 
164 
156 
128 

104 
100 

92 
76 
76 
72 
68 
64 

60 
56 
52 
44 
40 
36 
32 
32 
32 
28 
28 
20 
24 
24 
24 
24 
24 
20 
20 
20 
20 
20 
20 
20 
20 

1388 
5296 

ngure 9.15 

J Exp Med 
J lmmunol 
Nature 
lmmunoiogy 
Science 
Proc Sot Exp Biol Med 
lnternat Arch Allergy APPI 

immunol 
Fed Proc 
J Biol Chem 
Biochem J 
Proc Nat Acad Sci USA 
Transplantation 
Ann NY Acad Sci 
Immunochemistry 
Cold Spr Harb Symp Quant 

Biol 
Biochemistry 
Biochim Biophys Acta 
J Clin Invest 
J Cell Biol 
Progr Allergy 
Clin Exp lmmunol 
Adv lmmunol 
Austral J EXD Biol Med 
J Infect Dir 
J Allergy 
Lancet 
Proc Royal Sot B Biol Sci 
Am J Pathol 
Ann lnst Pasteur (Paris) 
Biochem Biophys ReS Comm 
J Nat Cancer lnst 
Methods Med Res 
Am Rev Resp Dis 
Bacterial Rev 
Clin Sci 
Exp Cell Res 
J Bacterial 
J Biophys Biochem Cytol 
J Histochem Cytochem 
J Pathol Bact&iol 
All others (220 other JOurnaiS) 
TOTAL 

Journals cited most frequently by 
Journal of Experimental Medicine. 

Rank Times Journal Title 
Citing Abbreviation 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
30. 
39. 
40. 

1408 J lmmunol 
1084 J EXP Mea 

512 Proc Sot Exp Biol Med 
340 Immunology 
288 Transplantation 
240 J Bacterial 
236 Klin Wschr 
224 Proc Nat ACad Sci USA 
220 Thromb Diath Haem 
196 Ann NV Acad Sci 
196 Science 
192 Clin Exp lmmunol 
188 Fed Proc 
184 Ann Rev Microbial 
172 J Infect Ois 
172 J Nat Cancer lnst 
160 Immunochemistry 
152 Experientia 
152 J Virology 
148 Acta Path Stand 
148 Nature 
144 Lancet 
144 Virology 

140 New Engl J Med 
128 Am J Med 
128 Am J Pathol 

124 Am J Vet Res 

124 Military Med 

116 Am J Cardiol 

112 Biochemistry 

108 Biochem Biophys Acta 

104 Ann lnst Pasteur (Paris) 

104 Annu Rev Genetics 

104 Cancer Research 

104 J Gen Virology 

100 Lab Invest 

96 J Clin Invest 
96 Zbl Bakteriol 

92 Brit J Exp Pathol 
88 J Med Microblol 

6768 All others (368 other journals) 

15536 TOTAL 

Figure 9.16 Major sources of references to 
Journal of Experimental Medicine. 
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15. 144 
16. 140 
17. 140 
10. 120 
19. 108 
20. 100 
21. 92 
22. 88 
23. a4 
24. 04 
25. 76 
26. 68 
27. 68 
28. 64 
29. 64 
30. 60 
31. 60 

32. 
33. 
34. 
35. 
36. 
37. 
30. 
39. 
40. 

56 
44 
40 
40 
40 
40 
40 
36 
36 

3112 
9068 

Cited Abbreviation 

J lmmunol 
J Exp Med 
P~OC soc Exp Biol Med 
Nature 
Science 
Immunology 
J Biol Chem 
Fed Proc 
J Clin InveSt 
Proc Nat Acad Sci USA 
Intern& Arch Allergy APPi 

lmmunol 
Immunochemistry 
Biochem J 
Biochemistry 
Lancet 
Ann NY Acad Sci 
J Infect Dis 
Biochim Biophys Acta 
J Bacterial 
Adv lmmunol 
Progr Allergy 
Cancer Res 
J Nat Cancer lnst 
Virology 
J Allergy 
Acta Pathol Microbial Stand 
New Engl J Med 
J Molec Biol 
Transplantation 
Brlt J EXP Pathol 
Cold Spr Harb Symp Quant 

Biol 
Clin Exp lmmunol 
Am J Hyg 
J Lab Clin Med 
Austral J EXP Biol Med 
Bacterial Rev 
J Amer Chem Sot 
Lab Invest 
Ann lnst Pasteur (Paris) 
Blood 
All others (392 Other jOUrnalS) 
TOTAL 

Figure 9.17 

a4 
80 
80 
76 
72 
68 
68 
64 
64 
60 
60 
56 
56 

3400 
10492 

J lmmunol 
J Exp Med 
Proc Sot EXP Biol Med 
Immunology 
Transplantation 
Ann Rev Microbial 
Clin Exp lmmunol 
Proc Nat Acad Sci USA 
J Bacterlol 
Immunochemistry 
Nature 
Science 
J Pediat 
Prod Probl Pharmaceut 
Am J Epidemiol 
Fed Proc 
J Nat Cancer lnst 
Am J Trap Med 
Biochemistry 
J Virology 
Ann NY Acad Sci 
Fat Biol 
Am J Cardiol 
Klin Wschr 
Appl Microbial 
Acta Viral 
Internat Arch Allergy Appl 

lmmunol 
J Infect Dis 
Experientia 
New Engl J Med 
Lancet 
Mycopathol Mycol APPI 
Biochim Biophys ACta 
Vox Sanguinis 
Arch Gen Viral 
Military Med 
Acta Microbial Acad Sci Hung 
Acta Pathol Stand 
Ann Intern Med 
Exp Parasitol 
All others (286 other journals) 
TOTAL 

Journals cited most frequently by Figure 9.18 Major sources of references to 
Journal of Immunology. Journal of Immunology. 

Rank Times Journal Title 
Citing Abbreviation 

1. 2176 
2. 572 
3. 396 
4. 204 
5. 204 
6. 164 
7. 152 
8. 152 
9. 148 

10. 136 
11. 132 
12. 132 
13. 128 
14. 120 
15. 116 
16. 116 
17. 108 
18. 104 
19. 104 
20. 104 
21. 100 
22. 100 
23. 96 
24. 96 
25. 92 
26. 06 
27. 04 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
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rheumatology literature (10) by identifying the 24 journals most frequently cited by 
each of the two leading journals in that field. The journals whose citing patterns he 
analyzed were Annals of the Rheumatic Diseases (Ann. Rheum. Dis.) and Arthritis 
and Rheumatism (Arthr. & Rheum.). His two lists are shown in Figure 9.19. Though 
he based his study on 1970 citations, his lists agreed with similar ones compiled from 
the JCR data for 1969. To extend his study, IS1 went one step further and compiled 
lists of the most frequent sources of citations to the journals he selected. They are 
shown in Figure 9.20. 

The journals cited by Ann. Rheum. Dis. and Arthr. & Rheum. (Figure 9.19) are 
essentially the same: 19 journals are common to both lists. Another point about 
these two lists is that they demonstrate the bibliographic law of concentration. With 
only four exceptions, all of the 29 journals that are unique to one or the other of the 
two lists are among the 450 journals that the multidisciplinary and multispecialty 
JCR shows as being the most frequently cited. 

The lists of journals that most frequently cite Ann. Rheum. Dis. and Arthr. & 
Rheum. (Figure 9.20) also are remarkably similar. Sixteen journals are common to 
both of these lists. 

However, there are obvious differences between the citing and cited lists. Both 
Ann. Rheum. Dis. and Arthr. h Rheum. cite literature more heavily and much more 
widely than they, in turn, are cited. In the case of Ann. Rheum. Dis., it published 
1332 references that cited 305 different journals, whereas it was cited 1252 times by 
only 71 different journals. Comparable figures for Arthr. & Rheum. are 3 165 
references to 387 journals and 1660 citations from only 103 different journals. As is 
so often the case, the journal that cites most heavily and widely, Arthr. & Rheum. is 
in turn most heavily and widely cited. Another point of difference between the citing 
and cited lists is that all the journals cited by Ann. Rheum. Dis. and Arthr. & 
Rheum. are published in English, but several journals publishedin French and Ger- 
man appear as major citation sources for them. 

Certain journals, namely Arthr. & Rheum., Ann Rheum. Dis., Acta Med. Stand., 
Arch. Internal Med., J. Bone Joint Surg., and the Proc. Sot. Exp. Biol. Med., ap- 
pear on all four lists. This strongly suggests, even to someone unfamiliar with the 
specialty, that these six journals, in addition to the obvious general journals, such as 
J. Amer. Med. Assoc., Brit. Med. J., Lancet, etc., probably are the ones that are the 
most useful to a rheumatologist. 

Relationship Between Pathology and Virology (11) 

In an address to a 1971 meeting of the American Phytopathological Association, I 
used a list of the journals most frequently cited by the journal Phytopathology to 
identify the core literature of the field (Figure 9.21). Everyone in the audience was 
surprised to find that the second most frequently cited journal, after 
Phytopathology itself, was Virology. This unexpected relationship was confirmed 
by a complementary list of the journals that were the major sources of citations to 
Phytopathology (Figure 9.22). Virology ranked a respectable seventh on that list. 
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52. 

53. 
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51. 

58. 
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Tsitologiya 
CytologY 

Zh Mikrob Epidem Immun 
J Microb Epidem Immun USSR 

Zh Strukt Khim 
J Struct Chem USSR 

Izmertel Tekh 
Meas Tech USSR 

J Chem Phys 
Biull Eksp Biol Med 
B Exp Biol USSR 

Antibiotiki 
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Phys Rev A Gen Phys 
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Kolloidnyi Zh 
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0.603 
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Khim Prirod Soed 
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Physics Letters A 
Sov Med 
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Telecomm Radio Eng USSR 2 
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BAS USSR, Biology 
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2522 

1671 

1207 

11481 
976 

- 

433 

400 
400 

391 

385 

382 

367 
363 

172 

274 

19.1 1.5 

21.6 13.7 

- - 

297 18.3 

- 

13.6 

256 15.5 10.2 

195 

99 

- 
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Figure 9.50 (continued) 
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11. 

12. 
13. 

Dokl Akad Nauk SSSR 
Proc Acad Sci USSR 

J Amer Chem Sot 
Zh Eksp Teor Fiz 
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Physical Review Letters 
Nature 

12260 6420 1218 
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13791 5419 1284 39.3 9.3 

9744 3435 - 35.25 - 

7039 3421 1302 48.6 18.5 

4896 3303 578 67.5 

3614 3137 1434 86.8 

9744 3028 1426 31.08 

21168 2502 - 11.8 
3484 2417 1250 69.4 

3701 2343 1591 63.3 

27909 2233 - 8.0 
64211 2028 - 3.2 

D E 

52.4 9.9 

11.8 

39.7 

14.6 

- 

35.9 

43.0 

- 
- 

39.1 1.070 

63.3 0.460 

- 1.034 
35.31 0.043 

- 1.349 
74.3 0.129 

- 1.139 
- - 

65.5 0.438 

50.7 - 

25.9 - 

- 2.657 
94.5 0.285 

F G 

19.0 0.372 

- 4.745 
23.7 2.808 

- 1.591 
38.1 0.534 

17.5 1.299 

45.7 0.807 

47.1 1.591 

- 1.645 
51.7 0.799 

67.9 0.482 

- 4.962 
- 4.228 

Figure 9.51 Journals cited most frequently by Russian journals in 1972. A = citations from all 
journals. B = citations from Russian journals. C = self-citations. D = ratio of citations from 
Russian journals to citations from all journals. E = ratio of self-citations to citations from all 
journals (self-cited rate). F = ratio of self-citations to citations from Russian journals. G = overall 
impact. 
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- 19.5 
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414 58.0 
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- 4.6 

- 2.0 
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737 91.4 
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- 12.6 

310 73.0 

570 78.9 

24.4 45.2 0.649 

- - 5.565 
28.4 57.9 0.538 

40.5 83.6 1.530 

15.3 34.3 1.003 

18.5 46.1 1.170 

25.4 34.6 0.499 

- - 0.202 

- 2.869 
- - 2.320 

- - 1.569 

27.0 66.2 0.544 

- - 1.652 

33.8 71.7 1.008 

49.1 85.0 0.916 

- 1.896 
19.4 42.6 2.320 

19.2 30.1 0.874 

48.8 58.3 0.299 

26.1 45.0 0.790 

2.8 7.7 4.970 

9.9 16.1 I.747 

- 3.876 

- - 8.288 
- - 0.945 
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34.5 59.5 0.151 
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529 480 

9657 524 
7906 514 

719 
719 

- 
466 

716 - 

713 - 

701 550 

697 
693 
692 

674 

- 
- 

306 

347 

- 

167 

390 

535 

599 - 

585 458 

584 313 

- 5.4 - 
- 6.5 - - 
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Figure 9.51 (continued) 
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Figure 9.52 Major sources of reference to Russian journals in 1974. A = references to all journals. 
B = references to Russian journals. C = references to self. D = ratio of Russian references to all 
references. E = ratio of self-citations to all references (self-citing rate). F = ratio of self-citations to 
Russian references. G = overall impact. 
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Figure 9.55 (continued) 

Figures 9.50 and 9.52, the lists of journals that were the major sources of references 
that cited the core group during the two years studied. Figure 9.50 shows that 17 of 
the top 75 sources in 1972 were non-Russian. Figure 9.52 shows that in 1974 the 
number of major non-Russian sources rose slightly to 21 out of 75. However, if you 
look at the number of citations received from non-Russian journals (rather than the 
number of journals) as a percentage of total citations received, you find that the 
utility of Russian journals by non-Russian scientists held about steady. In 1972, the 
non-Russian journals accounted for 15% of the source group’s citations to the Rus- 
sian journals. In 1974, the figure was still only 14070, which is a negligible decrease. 
Looking at it the other way, the Russian core journals also accounted for the same 
percentage of the total citations originating in the non-Russian journals in the two 
years studied. In 1972, the non-Russian journals published 265,221 references, of 
which 4070 cited the Russian core journals. In 1974, the total number of references 
published rose to 323,189, of which 3% cited the Russian core journals. 

The analysis of the journals cited most by the core group showed the same story. 
Figure 9.51 shows that 35 of the 75 journals cited most by the Russian core group in 
1972 were non-Russian. Figure 9.53 shows that the figure remained substantially the 
same, 36, in 1974. The core-group percentage of total citations to the non-Russian 
journals accounted for 5% of the total citations received by the non-Russian jour- 
nals; the figure for 1974 was 4%. 

Although the analysis of the 1972 and 1974 lists didn’t show any significant 
change in the degree of interaction between the Russian literature and the literature 
of other countries, an extension of the analysis back to 1969 did suggest that the 
orientation of the Russian literature has changed. The lists of journals that were the 
main sources and targets of the core-group citations in 1969 (Figures 9.54 and 9.55) 
showed a heavy orientation toward physics, chemistry, and their technologies. The 
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lists for 1972 (Figures 9.52 and 9.53), particularly the most frequently cited list 
(Figure 9.53), showed a moderation of the orientation, manifested by the increasing 
prominence of biomedical journals. For example, Nature improved its ranking on 
the most frequently cited list from twenty-eighth in 1969 (Figure 9.55) to thirteenth 
in 1972 (Figure 9.53). The Journal of Biological Chemistry, which didn’t even rank 
among the 75 journals cited most often in 1969, showed up in the fifteenth position 
in 1972. The evidence points in the direction of a definite shift in the emphasis of 
Soviet research. 

French Journal Literature (29) 

A similar study of French journals was conducted with the 1974 data from a core 
group of 129 journals published in France. Again, it should be remembered that the 
study did not include data on material published by French scientists in “outside” 
journals, and to that extent it cannot be considered definitive. Nevertheless, the ma- 
jor journals published in France certainly publish a large-enough percentage of the 
work of French scientists to be roughly representative of French science. 

First, some statistics to put the French journal literature into a worldwide perspec- 
tive. The 129 French journals used as a core group in the study represented about 
5.3% of the journals indexed by SCZ in 1974 and accounted for 3.8% of the source 
items indexed and 2.6% of the references contained in those items. Although the 
average source item contained 13 references, the average French source item con- 
tained only 8.8. 

If the French literature conformed to the international pattern of scientific and 
technical literature, the list of journals it cited most frequently (Figure 9.56) would 
have corresponded roughly to the list of journals cited most frequently by all the 
scientific and technical literatures in 1974. For example, the journal most highly 
cited by an aggregation of all the literatures in 1974 was the Journal of the American 
Chemical Society. All things being equal, it should also have been the journal most 
highly cited by the French core group; and, in fact, it did rank first in Figure 9.56. 
Since the core group contributed 2.6% of the references processed for SCZin 1974, it 
should have accounted for roughly the same percentage of the citations received by 
JACS in that year. And again, it did, accounting for 2.555% of the references that 
cited JACS material. 

With the second item on the list, however, the picture changes radically. The jour- 
nal second most frequently cited by the core group was Bulletin de la Societe Che- 
mique de France, which was cited by all the journals covered by SCZ a total of 6671 
times. If the French average of accounting for 2.6% of all references held true, 173 
of the citations received by the Bulletin de la Societe Chemique de France would 
have originated in references published by the core group. The analysis showed, 
however, that the core group accounted for 2471 of the citations, or 37% of the total 
citation count. Column D in Figure 9.56, which shows the references by the core 
group as a percentage of the total citation rate of each journal, makes it easy to see 
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where the core group’s reference rate varied from its average 2.6% contribution. 
Obviously, some variation is to be expected, but contributions of 10% or more cer- 
tainly seem to be a variation of consequence. Interestingly enough, variations of this 
magnitude occurred in 12 cases, and 11 of them were French journals. Also in- 
teresting is the fact that all 11 of these French journals were characterized by a high 
self-cited rate and a low impact factor. 

It would be reasonable to conclude that the 11 journals owed their position on the 
list to an understandable preference of French scientists for the French language. 
But if that is so, why are there not more French journals, and why are the impact 
factors of the journals that are there so low? Even the combination of high self-cited 
rates and above average reference rates from the core group did not succeed in rais- 
ing the impact factors to a more respectable level. The language-preference explana- 
tion is further weakened by comparing the ranking of the journals on this list with 
their ranking on an international list. The latter ranking is shown in Figure 9.56 in 
parenthesis after the journal-title abbreviation. If the language factor is responsible 
for raising (Nouvelle) Press Medicale from three hundred sixty-fifth on the intkrna- 
tional list to sixth on the French list, why does Lancet rank fifth on the French list? 

Figure 9.57 shows that most of the references that cited the core group came from 
French journals and that the self-citing rate of these journals was unusually high. In 
addition, the list differed significantly from SCZ’s international list. Only four or 
five of the major sources of citations to the French journals could be considered 
physics journals, whereas double that number appeared on the 1974 international 
list of major reference sources. The same discrepancy showed up on the most cited 
list. 

Overall, the analysis showed the French literature as having relatively little impact 
on the international community-and even on the French community. The core 
group cited foreign literature much more than its own, even though its own 
literature is cited mainly by itself. The mathematics section (A) of the Comptes Ren- 
dus of the French Academy illustrated both sides of the coin. The entry for it in 
Figure 9.57 shows that only 30.6% of its references cited journals in the French core 
group and that most of them (80.6%) were self-citations. Figure 9.56, where it ranks 
twenty-fifth, shows that 71.3% of the citations it received originated in the core 
group; and, again, most of them were a function of self-citation. 

Although the low impact that the French literature had upon the international 
community could be attributed to language, the high citation rates enjoyed by older 
French literature makes it seem unlikely. An additional analysis of core-group 
material that was cited more than 150 times between 1961 and 1974 turned up 13 
items. The most significant characteristic of these itmes is that 11 were published 
before 1965. And it turned out that several of the articles, though published in 
French journals, were not written by French scientists. 
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Figure 9.56 Journals cited most frequently by French journals. A = citations from all journals. B = 
citations from French journals. C = self-citations. D = ratio of citations from French journals to 
citations from all journals. E = ratio of self-citations to citations from all journals (self-cited rate). F = 
ratio of self-citations to citations from French journals. G = overall impact. Figures in parentheses 
following the names of the journals show their ranks on ISI’s international list of most highly cited 
journals. 
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Fiiurc 9.57 Major sources of references to French journals. A = references to all journals. B = 
references to French journals. C = references to self. D = ratio of French references to all references. E 
= ratio of self-citations to all references (self-citing rate). F = ratio of self-citations to French references. 
G = overall impact. 
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Japanese Journal Literature (30) 

A study of the 79 Japanese journals covered by the 1974 SCZ produced the results 
shown in Figures 9.58 and 9.59. As in all these studies of selected national 
literatures, only the journals published in the subject country, and only the work 
that the country’s scientists published in those journals, were included. In this par- 
ticular case, the coverage of the core group of journals was a bit less than complete 
in terms in citations. Because of the language problem, citations written in Japanese 
were not included. What effect this limitation had on the accuracy of the citation 
counts is unknown. All we know for sure on this subject is that very few of the core- 
group journals were published in only the Japanese language, and the average 
number of references per published item in the core-group journals matched the in- 
ternational average just on the strength of the references we did pick up. 

The statistics on the relationship of the core group to the international literature 
are as follows: the group represented 3.2% of the international literature covered by 
SCZ in 1974, published 2.7% of the source itmes processed, and produced 2.6% of 
the references picked up from those source items. 

The first finding of the study was that the bibliographic law of concentration ap- 
plies as much to the Japanese literature as it does to all the others. Though the core 
group cited 9600 different publications, the 50 cited most frequently (1% of the 
target group) accounted for 42% of the cited material. Conversely, the 50 major 
sources of references that cited the core group accounted for 43% of the citations 
received from 1576 different journals. 

Using the core group’s proportionate share of the international reference pool as a 
measure, we found (Figure 9.58) that the group cited the top-ranking Journal of the 
American Chemical Society somewhat more frequently than would be expected in a 
statistically ideal world: they accounted for 5.2% of its citations compared to their 
2.6% share of the reference pool. Figure 9.59 shows that JACS did not return the 
compliment; only 0.8% of its 1974 references cited the 79 Japanese journals. In fact, 
about the only non-Japanese journal that cited the core group at a rate consistent 
with the group’s 2.7% share of the international pool of source items was 
Phytochemistry. 

Probably the most important finding (in terms of characterizing Japanese science) 
in the analysis of the journals most frequently cited by the core group (Figure 9.58) 
was the high rankings of the American Chemical Society journals, particularly those 
dealing with biochemistry. In contrast, Nature, Science, and the Proceedings of the 
National Academy of Sciences USA received notably less attention. This suggests a 
preponderance of chemical research in Japanese science. Another aspect of that 
characteristic is suggested by Analytical Chemistry, which not only ranked twelfth 
but also owed no less than 8% of its total citation rate to the Japanese core group. 
This is indicative of an intense interest in analytical methods, which could be con- 
sidered a reflection of a strong orientation toward industrial development. 

An interesting feature of the major sources of references that cite the core group 
(Figure 9.59) is the strong representation of occidental journals. Although the five 
major sources are Japanese journals, non-Japanese journals appear in substantial 
numbers, beginning with the triad of Biochimica Biophysics Acta, Tetrahedron Let- 
ters, and Journal of Biological Chemistry, throughout the remainder of the list. 
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Figure 9.58 Journals cited most frequently by Japanese journals. Those that are Japanese are identified 
by italicized titles. A = citations from all journals. B = citations from Japanese journals. C = self- 
citations. D = ratio of citations from Japanese journals to citations from all journals. E = ratio of self- 
citations to citations from all journals (self-cited rate). F = ratio of self-citations to citations from 
Japanese journals. G = overall impact. 
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12573 

1331 

20623 
16965 

16318 
14284 

10465 

195 12 4 12.0 97 .o 0.35 

- 136 -- -- 0.22 
1.1 -- -- 2.72 

1.0 -- -- 3.05 
124 9.2 6.9 74.7 0.46 

0.9 -- -- 3.87 
108 10.7 7.1 66.3 0.35 

99 11.4 7.1 62.3 1.30 
- 16.1 -~ ~~ 0.29 

1.1 ~~ ~- 2.72 

1.2 -~ ~~ 2.95 
107 11.6 8.0 69.0 0.78 

- 0.8 ~~ ~- 2.42 
~ 0.9 -- -- 2.45 

- 0.9 -- -- 3.62 
1.0 -- ~~ 3.39 

1.4 -- ~- 0.96 

Figure 9.59 Major sources of references to Japanese journals. Those that are Japanese journals are 
identified by italicized titles. A a= references to all journals. B = references to Japanese journals. C = 
references to self. D = ratio of Japanese references to all references. E = ratio of self-citations to all 
references (self-citing rate). F = ratio of self-citations to Japanese references. G = overall impact. 
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German Journal Literature (31) 

A study of a core group of German journals showed a literature quite different from 
those of Japan, France, and Russia. The core group consisted of 288 journals, 
published in East and West Germany, that were covered by SC1 in 1974. German- 
language journals of Austria and Switzerland were not included. The core group ac- 
counted for almost 10% of the material in the 1974 XI: 9.3% of the journals 
covered, 8.2% of the source articles processed, and 9.9% of the references com- 
piled. 

The list of journals cited most frequently by the core group (Figure 9.60) is in- 
teresting in two respects. One is that when the 16 German journals on this list are 
removed, the composition and ranking of the list roughly matched an international 
list of the most frequently cited journals. 

The other interesting feature of Figure 9.60 is the German share of the total cita- 
tion rate (column D) of the journals. Since the German share of the international 
pool of references was 9.9%, the core group should have accounted for roughly the 
same percentage of the citation rates of the 50 most cited journals. Except for the 
German journals on the list, the percentage tended to stay within the range of 6.5 to 
9, which is quite close to the statistical ideal. It rarely dropped below 6%. In the case 
of the 16 German journals on the list, the percentage soared far above the share of 
the international reference pool, as it did with the Japanese and French literature; 
but, unlike those literatures, only one of the German journals ranked among the top 
12. 

More than half of the major sources of citations to the core group (Figure 9.61) 
came from the group itself. With few exceptions-Nature, Brain Research, Cell 
Tissue Research-all the non-German sources were journals of physics and 
chemistry. Again, as in the case of the French and Japanese literatures, the core 
group was cited by the German source journals at a rate that exceeded its share of 
the international pool of source articles processed. Its share of that pool was roughly 
8%, while it accounted for two and three times that percentage of the references 
published by the German source journals. Its shares of the references published by 
the non-German source journals, however, rarely reached the 8% level. Never- 
theless, on a relative basis, the German literature did better in this respect than either 
the Japanese or French literature. 

APPLICATION SCOPE 

This series of studies, which is a continuing one (32-37), clearly demonstrates that 
journal citation data contains much useful information. The nature and quantity of 
the information, of course, depends, to an important degree, on the types of ques- 
tions that are posed. But even answers to the most obvious and basic questions are 
useful, as demonstrated by the fact that they are now being sought by people in 
policy-making positions (38-40). Knowing the citation rate of a journal, the sources 



Jounlal A B C D E F G 

1. J. Amer. Chcm. Sot. (1) 98995 6337 - - 6.4 -- -- 4.383 
2. J. Biol. Chem. (2) 81354 5979 -- 7.3 - - -- 5.043 

3. Nature (4) 59206 4350 - - 7.3 -- -- 3.636 

4. B&him. Biophys. Acta (5) 51487 3976 ~~ 7.7 -- -- 3.170 
5. Physical Review (6) 40815 3580 - - 8.8 ~~ -- -- 

6. J. Chcm Physics (3) 62040 3578 ~ ~ 5.8 -- -- 2.910 

7. Angem Ch. WInf. E&(136) 10756 3281 1153 30.5 10.7 35.1 4.140 
8. P Nat Acad. Sci. USA (8) 46916 3213 ~ ~ 6.8 - - - ~ 8.989 

9. Science (7) 46488 2953 - - 6.4 -- -- 5.412 

10. Lancer (9) 37407 2927 - - 7.9 ~~ -- 6.677 
Il. Biochemical J. (10) 31563 2591 ~ - 8.2 -~ -- 3.627 

12. Asrrophyswal J. (18) 20543 2530 - ~ 12.3 -~ -- 4.063 
13. Lkur. Med. WJCh. (192) 3878 2480 661 64.0 17.0 26.7 1.017 

14. Chem. Bmichte(44) 9569 2447 1208 25 6 12 6 49.4 1.493 
15. J. Molecular Bml. (15) 24209 2120 - 8.8 ~- -- 7.502 

16. Eur. /. Eiochemirrry (49) 11367 2079 1404 18.3 12.4 67.5 3.074 

17. J Clin Invest. (14) 24768 1930 - - 7.8 ~~ -- 6.992 
18. New Engl. J. Med. (13) 26726 1854 - - 6.9 ~~ -- 8.364 

I 9. Anneimifrclfonchung (2 17) 3534 1819 835 51.5 23.6 45.9 0.876 
20. Biochemistry (12) 27080 1762 ~- 65 -- ~- 4.711 

21. Amer. J Physml (19) 215:9 1735 ~~ 81 -- ~~ 2.414 

22. B&h. Biophys. Rcs Co. (16) 23136 1689 .- 7.3 ~ ~ ~ 3 744 

23. J. Physmlogy (17) 18435 1682 ~~ 9.1 - .- - -- 4.495 
24 J Cell Biology(25) 19103 1615 8.5 -~ -- 6.770 

25 J. Organic Chcm. (22) 20539 1576 - - 7.7 ~~ ~~ 1.495 
26. Klin. Wsrhr. (235) 3301 1570 216 47 6 6 .5 13.8 1.033 
27. Bnr Mcd J. (20) 20700 1560 -- 7 5 - - -: 3.556 
28. J Chcmlcal Socicry (23) 14604 1464 ~ - ,I).0 ~~ ~~ -- 

29. Tcrrahcdron Letters (31) 16478 1464 ~ 8.9 - - 1.777 

30. J. Amer. Med. Arrow. (30) 17211 1410 ~- 0.2 - - - - 3.068 
31. P. SCK. Exp. Biol Med. (28) 18167 1387 - - 7.6 - .~ - - 1.471 

32. Zrchr. Anorg. Allg. Chms. (145) 4698 1371 806 29 2 17 2 58.8 1.019 

33. J Pharmacol Exp Thcr. (42) 13753 1304 ~~ 95 ~- -~ 3 576 
34. Physlcal Rcwcw B (57) 16104 1281 8.0 ~ 2.864 

35 Zrchr. Physih (98) 6662 1233 653 185 98 53 0 1.340 
36 J. Appl Physics (24) I”277 1232 6.4 - 1.558 

37. J. Bacteriology (26) I a369 1223 67 ~~ -- 2.727 
38. Pflugm Arch./ 

Eur. /. Phyriol (I 72) 4196 1217 597 29 0 14.2 49.1 I ai0 
39. H~Seykr Zschr. 

Phyd. Chrm. (I 50) 3586 1198 504 33 4 I4 1 42 1 2 291 

40. Asfronomy AIfrophysics (I 90) 3638 1157 1133 31 8 31 1 97 9 2.267 

41. Arch B&hem Biophys (36) 15072 1123 75 2.881 

42. Phystcal Rev Letters (11) 29229 1104 38 5.059 
43. Clrcularion (3.3) 14461 1089 75 ~ 6.834 

44. Annals New York Acad. Sci. (37) 14648 1084 7.4 1.181 
45. Nsurydchmiedcberg (291) 2685 1076 534 40.1 19.9 49 6 2 792 

46 2. Naturforschung A (183) 4034 1069 557 26 5 I3 8 52 1 1 121 
47 Fschr. Gcb. Romtgmf. (495) 1452 1064 540 73 3 37.2 50 8 0 384 

48. FEBS Lrrtrrs (64) 9094 1059 I1 6 -- - 3.049 

49. J. Exp Mrd (21) 20699 1051 5 I - - - 11.874 
50. PLIr(l70) 4308 1049 591 24.4 13 7 56.3 2.509 

Figure 9.60 Journals cited most frequently by German journals. Those that are German are identified 
by italicized titles. A = citations from all journals. B = citations from German journals. C = self- 
citations. D = ratio of citations from German journals to citations from all journals. E = ratio of self- 
citations to citations from all journals (self-cited rate). F = ratio of self-citations to citations from 
German journals. G = overall impact.Figures in parentheses following the names of the journals show 
their ranks on ISI’s international list of most highly cited journals. 
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1 Chenticheitmichte 
2. J. Amer. Chcm. Sot. 
3. Eur. J. Biochemistry 
4 Lb&. Med. Wschr. 
5. J. Organomct. Chcm 
6 B&h. Biophy. Actn 
7. Angew. them. (& Int. Ed.) 
8 Anneimittelfonchung 
9. Cell Tissue Res. 

10. Zschr. Anorg. Allg. Chen. 
11. J Organic Chem. 
12 Ast nmomy Astn+.hysics 
13 Brain Rcs. 
14 Phys. Stat. Sol. A 
15. J. Chcm Physics 
16 Php. Stat. Sol. It. 
17 Analytical Chemistry 
18. Zschr. Naturfomhung A 
19. FEBS Lcrccr~ 
20. J. Biol. Chemistry 
21. Tetrahedron Letters 
22. Hoppr-Seylrr Zschr. 

Physiol. Chem. 
23 Astrophysical J. 
24. Naunyn-Schmkdeberg 
25 Biochemistry 
26. Makrondkk. Chmk 
27. Tetrahedron 
28. PIychophanmcobgio 
29. J. Liebigs Ann. Chenk 
30. Fschr. Ccb. Roenrgenf. 
31. Pha-ic 
32. J Chem. Sot Perkin 
33. Klin. Mbl. Augmheilk. 
34. &chr. Chmnk 
35 Zlchr. Phyrik 
36 Plant5 
37 Physical Review B 
36. Pflugm Arch./Eur. J. Physical. 
39 Ch-m 
40. Acta Bid. Med. Germ. 
41 Uspckhi Khimii 
42. Nature 
43 Klin. Wschr. 
44 Prcc Nat Acad. Sci US 
45 Brr. Bunsenges. Phys. Chem. 
46 Zlchr. Naturfmchung B 
47 Biochemical J. 
48 Bioch Bmph. Rn. Comm. 
49 Mokc. General Gmrics 
50 HumangmetU 

A B 

9220 2572 
51763 2063 
16447 1934 
13507 1813 
27075 1773 
53872 1744 

8157 1713 
9869 1654 

8759 1550 
4975 1411 

23962 1269 
8907 1157 

23~35 1149 
10851 1014 
43528 1005 
11896 999 
27535 985 

6408 974 
17840 973 
36942 954 
12646 953 

5469 938 
21445 923 

4635 890 
2507 1 a29 

5507 837 
16259 831 

5430 823 
3616 815 
3840 800 
584 1 800 

23011 782 
3686 780 
3905 772 
7150 769 
4326 768 

34284 766 
5365 755 
3426 739 
3862 731 

14839 721 
30125 718 

6179 697 
26352 697 

5425 695 
4618 676 

16318 665 
15832 659 

5156 650 
4313 618 

C 

1208 

1404 
661 

1153 
835 

806 

1133 

589 

610 

504 

534 

628 

673 

450 
285 

669 
264 
653 
591 

597 
642 
301 
- 

216 

318 
171 

516 
373 

D E F G 

27.9 13.1 47.0 1.493 
4.0 -- ~~ 4.303 

10.5 7.6 72.6 3.874 
13.4 4.9 36.5 1.017 

6.5 -~ -- 2.392 
3.2 -- -- 3.170 

21.0 14.1 67.3 4.140 
16.8 8.5 50.5 0.876 
17.7 -- -- -- 

28.4 16.2 57.1 1.014 
5.3 ~ ~ - - 1.495 

13.0 12.7 97.9 2.267 
5.0 -- -- 3.104 
9.3 5.4 58.1 0.935 

2.3 ~- -- 2.916 
8.4 5.1 61.1 1.113 
3.6 -- ~- 3.291 

15.2 a.7 57.2 1.121 
5.5 -- -- 3.049 
2.6 -- ~~ 5.843 
75 -- ~- 1.777 

17.2 9.2 53.7 2.291 
4.3 ~- -- 4.063 

19.2 11.5 60.0 2.792 
3.3 ~- -- 4.711 

15.2 11.4 75.0 1.088 
5.1 -~ -- 1.576 

15.2 12.4 81.8 2.347 
225 -- ~~ 1.024 
20.8 11.7 56.3 0.984 
13.7 4.9 35.6 0.675 

3.4 ~- -- 1.348 
21.2 18.1 85.8 0.631 
19.8 6.8 34.2 0.178 
10.8 9.1 84.9 1.340 
17.6 13.7 77.0 2.588 

2.2 -- -- 2.864 
14.1 11.1 79.1 1.810 

21.6 16.7 86.9 3.875 
16.9 7.6 41.2 0.678 

4.9 ~~ -- 1.079 
2.4 -- -- 3.636 

11 3 3.5 31.0 1.033 
2.4 ~~ -- 8.989 

12.8 5.9 45.8 1.382 
14.6 3.7 25.3 1.032 

4.1 -- -- 3.627 
4.2 ~~ ~- 3.744 

12.6 10.0 79.4 2.699 
14.3 8.6 60.4 1.703 

Figure 9.61 Major sources of references to German journals. Those that are German journals are 
identified by italicized titles. A = references to all journals. B = references to German journals. C = 
references to self. D = ratio of German references to all references. E = ratio of self-citations to all 
references (self-citing rate). F = ratio of self-citations to German references. G = overall impact. 
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of the references that cite it, and the journals it cites makes it possible to measure its 
utility as a source of research information, characterize its editorial orientation with 
a high degree of subtlety, and, depending upon the journal, define the core literature 
of a specialty or discipline. When these same questions are asked about a core 
literature, the answers provide insights into the research performance, orientation, 
and relationships of the discipline, specialty, or nation represented by the literature. 
And all these characteristics can be quantified well enough to make valid com- 
parisons: time periods can be compared to detect significant changes, journals can 
be compared to determine relative merits, and core literatures can be compared to 
define in more detail the nature of the relationships between different research com- 
munities . 

There is, however, even more useful information to be extracted from journal 
citation data. The extraction will require a more sophisticated set of questions from 
those who are concerned with the history, sociology, evaluation, and planning of 
science. These questions are just starting to be formulated, but I think that they will 
soon come flying thick and fast. By making the answers to the simpler questions 
more accessible, JCR should stimulate the formulation of the more sophisticated 
ones. The selected bibliography at the end of this chapter provides some idea of how 
far we had come in this application of journal citation data by the time the first for- 
mal edition of JCR was published in 1975. I think the studies it identifies represent 
only the beginning of what will be done with journal citation data to increase both 
our understanding of how science works and our ability to make it work better. 
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