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BN COMMENTARY

The History and Meaning
of the Journal Impact Factor

Eugene Garfield, PhD

FIRST MENTIONED THE IDEA OF AN IMPACT FACTOR IN

Science in 1955.! With support from the National

Institutes of Health, the experimental Genetics Citation

Index was published, and that led to the 1961 publica-
tion of the Science Citation Index.* Irving H. Sher and 1 cre-
ated the journal impact factor to help select additional
source journals. To do this we simply re-sorted the author
citation index into the journal citation index. From this
simple exercise, we learned that initially a core group of
large and highly cited journals needed to be covered in the
new Science Citation Index (SCI). Consider that, in 2004,
the Journal of Biological Chemistry published 6500 articles,
whereas articles from the Proceedings of the National Acad-
emy of Sciences were cited more than 300000 times that
year. Smaller journals might not be selected if we rely
solely on publication count,’ so we created the journal
impact factor (JIF).

The TABLE provides a selective list of journals ranked by
impact factor for 2004. The Table also includes the total num-
ber of articles published in 2004, the total number of ar-
ticles published in 2002 plus 2003 (the JIF denominator),
the citations to everything published in 2002 plus 2003 (the
JIF numerator), and the total citations in 2004 for all ar-
ticles ever published in a given journal. Sorting by impact
factor allows for the inclusion of many small (in terms of
total number of articles published) but influential jour-
nals. Obviously, sorting by total citations or other pro-
vided data would result in a different ranking.

The term “impact factor” has gradually evolved to de-
scribe both journal and author impact. Journal impact fac-
tors generally involve relatively large populations of ar-
ticles and citations. Individual authors generally produce
smaller numbers of articles, although some have published
a phenomenal number. For example, transplant surgeon Tom
Starzl has coauthored more than 2000 articles, while Carl
Djerassi, inventor of the modern oral contraceptive, has pub-
lished more than 1300.

Even before the Journal Citation Reports (JCR) appeared, we
sampled the 1969 SCI to create the first published ranking by
impact factor.* Today, the JCR includes every journal cita-
tion in more than 5000 journals—about 15 million citations
from 1 million source items per year. The precision of impact
factors is questionable, but reporting to 3 decimal places re-
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duces the number of journals with the identical impact rank.
However, it matters very little whether, for example, the im-
pact of JAMA is quoted as 24.8 rather than 24.831.

A journal’s impact factor is based on 2 elements: the nu-
merator, which is the number of citations in the current year
to items published in the previous 2 years, and the denomi-
nator, which is the number of substantive articles and re-
views published in the same 2 years. The impact factor could
just as easily be based on the previous year’s articles alone,
which would give even greater weight to rapidly changing
fields. An impact factor could also take into account longer
periods of citations and sources, but then the measure would
be less current.

Scientometrics and Journalology

Citation analysis has blossomed over the past 4 decades. The
field now has its own International Society of Scientomet-
rics and Informetrics.’ Stephen Lock, former editor of BM]J,
aptly named the application of bibliometrics to journals evalu-
ation “journalology.”®

All citation studies should be adjusted to account for vari-
ables such as specialty, citation density, and half-life.” The
citation density is the average number of references cited
per source article and is significantly lower for mathemat-
ics journals than for molecular biology journals. The half-
life (ie, number of retrospective years required to find 50%
of the cited references) is longer for physiology journals than
that for physics journals. For some fields, the JCR’s 2-year
period for calculation of impact factors may or may not pro-
vide as complete a picture as would a 5- or 10-year period.
Nevertheless, when journals are studied by category, the
rankings based on 1-, 7-, or 15-year impact factors do not
differ significantly.®** When journals are studied across fields,
the ranking for physiology journals improves significantly
as the number of years increases, but the rankings within
the category do not significantly change. Similarly, Hansen
and Henriksen' reported “good agreement between the jour-
nal impact factor and the cumulative citation frequency of
papers on clinical physiology and nuclear medicine.”

There are exceptions to these generalities. Critics of the
JIF will cite all sorts of anecdotal citation behavior that do
not represent average practice. Referencing errors abound,
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but most are variants that do not affect journal impact, since
only variants in cited journal abbreviations matter in cal-
culating impact. These are all unified prior to issuing the
JCR each year.

The impact factors reported by the JCR tacitly imply that
all editorial items in BMJ, JAMA, Lancet, New England Jour-
nal of Medicine, etc, can be neatly categorized, but such jour-
nals publish large numbers of items that are not substan-
tive in regards to citations. Correspondence, letters,
commentaries, perspectives, news stories, obituaries, edi-
torials, interviews, and tributes are not included in the JCR’s
denominator. However, they may be cited, especially in the
current year. For that reason, they do not significantly affect
impact calculations. Nevertheless, since the numerator in-
cludes later citations to these ephemera, some distortion will
result, although only a small group of leading medical jour-
nals are affected.

The assignment of publication codes is based on human
judgment. A news story might be perceived as a substan-
tive article, and a significant letter might not be. Further-
more, no effort is made to differentiate clinical vs labora-
tory studies or, for that matter, practice-based vs research-
based articles. All these potential variables provide grist for
the critical mill of citation aficionados.

Size vs Citation Density

There is a widespread belief that the size of the scientific
community that a journal serves significantly affects im-
pact factor. This assumption overlooks the fact that while
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more authors produce more citations, these must be shared
by a larger number of cited articles. Most articles are not
well-cited, but some articles may have unusual cross-
disciplinary impact. It is well known that there is a skewed
distribution of citations in most fields. The so-called 80/20
phenomenon applies, in that 20% of articles may account
for 80% of the citations. The key determinants of impact fac-
tor are not the number of authors or articles in the field but,
rather, the citation density and the age of the literature cited.
The size of a field, however, will increase the number of “su-
per-cited” papers. And while a few classic methodology pa-
pers exceed a high threshold of citation, thousands of other
methodology and review papers do not. Publishing medio-
cre review papers will not necessarily boost a journal’s im-
pact. Some examples of super-citation classics include the
Lowry method,* cited 300 000 times, and the Southern Blot
technique, by E. M. Southern, cited 30 000 times.'* Since
the roughly 60 papers cited more than 10 000 times are de-
cades old, they do not affect the calculation of the current
impact factor. Indeed, of 38 million items cited from 1900-
2005, only 0.5% were cited more than 200 times. Half
were not cited at all, and about one quarter were not sub-
stantive articles but rather the editorial ephemera men-
tioned earlier.

The skewness of citations is well known and repeated as
a mantra by critics of the impact factor. If manuscript ref-
ereeing or processing is delayed, references to articles that
are no longer within the JCR’s 2-year impact window will
not be counted.'® Alternatively, the appearance of articles

Table. Selected Biomedical Journals Ranked by Impact Factor

Citations in 2004

Articles T ]
2004 I 1 To 2002 + 2003
Journal Title Impact Factor 2004 2002 + 2003 Articles Total

Annual Review of Immunology 52.4 30 51 2674 14357
New England Journal of Medicine 38.6 316 744 28696 159498
Nature Reviews: Cancer 36.6 79 149 5447 6618
Physiological Reviews 33.9 35 61 2069 14671
Nature Reviews: Immunology 32.7 80 151 4937 5957
Nature 32.2 878 1748 56255 363374
Science 31.9 845 1736 55297 332803
Nature Medicine 31.2 168 318 9929 38657
Cell 28.4 288 627 17800 136472
Nature Immunology 27.6 130 273 7531 14063
JAMA 24.8 351 751 18648 88864
Nature Genetics 24.7 191 420 10372 49529
Annual Review of Neuroscience 23.1 26 42 972 8093
Pharmacological Reviews 22.8 19 49 1119 7800
Lancet 21.7 415 1020 22147 126002
Annals of Internal Medicine 13.1 189 396 5193 36932
Annual Review of Medicine 11.2 29 65 728 3188
Archives of Internal Medicine 7.5 282 567 4257 26525
BMJ 7.0 623 1222 8601 56 807
CMAJ 5.9 100 220 1307 6736
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