


teen references.The averagearticle in a
journal published in France contained
8.8 references.Review articles naturally
contain more referencesthan others. In-
deed the addition of a substantial num-
ber of review-type journals to our data-
basecould affect the ratio significantly.
A recent Soviet article gives some inter-
esting comparative data on number of
references, with particular attention to
math journa]s,6

It is not at all obvious why there
should be a big difference between
math and physics, between medicine
and chemistry, between French and
non-French. In the caseof math--as is
likely to be the causewhen the field is
new or small--it is not becausethere is
comparatively little literature to cite.
The fewer references in math articles
may say something about the super-
specialization in mathematics that is im-
possible in disciplines like biochemistry.
Or it may saysomething about the liter-
ary style of mathematicians, engineers,
and others who write more esoterically
and possibly with lessneedful regard for
their topic’s history.

One can construct a simple model of
the literature with certain remonable as-
sumptions about the size of the existing
literature, the length of papers and
number of references, etc. This is the
sort of thing Price did when he con-
cluded that forty papers make up a re-
searchfront. 2

Assume that the total citable litera-
ture in a field consistsof 10,000 papers.
.kssume that the literature is growing
about 10% a year--that is, that about
1000 new papers appear each year. If
the average number of references per
paper is ten, these 1000 new paperswill
produce 10,000 references.However, *C
know or can assumethat only about half
the papers ever published will be cited

in any particular year. Thus in our mod-
el, 5000 papers will be cited 10,000
times and Garfield’s ‘constant’ would
be 2.o.

If you want more realistic numbers
for the model, you’ll find that the ex-
tant literature is closer to 7.5 million
items, that 3.0 miiiion (about 42%) arc
cited each year, that the averagenum-
ber of references per paper is about
twelve or thirteen, and that the annuai
growth rate is about 7%.

For those of you who iike equations,
let L be the extant Iitcraturc, U the util-
ization factor (the percentageof the li-
terature used or cited each year), R the
number of referencespcr paper, and G
the mowth rate. GL will then be the
num~cr of new papers published each
year, UL will be the number of papers
cited eachyear, GLR wiil be the number
of referencesprocessedeach year, and
GLR/UL = C, the citation ratio. Since
L cancelsout of numerator and denom-
inator, we have C = GR/U.

If the growth rate (Q is 7%, the
number of referencesper paper (R) is
12, the utilization factor (U) is 0.5, then
C turns out to be 1.7. Sincewc can’t be
certain about the sizeof the extant liter-
ature, wc can only speculate on the ac-
curacyof U. For cocktail-party conversa-
tion. one can assumethat about haif the
iitcraturc must bc cited each year if the
growth rate is 7%, or possibiy a third of
the literature is cited if the growth rate
is 5% a vear.

Using ‘the simple model, what might
one expect for fields like mathematics
and molecular biology? Certainly they
are quite different. Doubling the
growth rate wiii double the ‘constant’.
Doubiing the number of referencespcr
paper will have a similar effect. Thus, a
combination of these effects wiil inevi-
tably cause the averagepaper in mole-
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cular biolo~ to have a higher impact
than a paper in mathematics. However,
if a field consistently shows more refer-
ences per paper (thus increasing R),
there is perhaps a corresponding growth
in the utilization factor. If a fast-moving
field tends to ignore the older Iitcraturc,
then its utilization factor could even de-
cline while having a higher than average
number of references per paper. This
would show up in what wc have called
the irnmedihcy /a/or.

If one wants to obtain the appropriate
ratio for a particular field, it is critical to
define the limits of that field. The
cluster represented by a piwticular jour-
nal or group of journals ought to be suf-
ficient for most putposes. However, wc
can get similar results when wc segre-
gate papersby meansof other objective
clustering methods. In this way, onc can
compare the citation records of individ-
uals and of papers within that field or
cluster.

This presumably helps answer the
question, “Did scientist X or paper X
haveasmuch impact on the field asdid
scientist Y or paper Y?”

It may seem only a parlor game to
ask, regardless of citation analysis,
whether Einstein had as much impact
on physics as did Mendel on biology.
But I’m told that questions like these

are constantly debated by philosophers
and historians of science. After all it
isn’t that long ago that ‘scholars’ were
debating how many angels could dance
on the tip of a needle.

Obviously a changing number cannot
be called a constant. But if the .fC1were
a real random sample of the total litera-
ture or achieved ‘complete’ coverage,
we then would observe a constant, I
believe, or at least be able to explain
why wc didn’t.

The samekind of discussionabove on
one year’sdata can be applied to longer
periods. For example, consider the peri-
od covcrcd by the SCl Five-Year Curnu-
htion l%S -1%9. For the ~eriod as a.
whole, the ratio described above turns
out to be 2.557 Over the courseof those
five years, 1000 source journals were
added to the coverageof the Xl, and
there wasa 50% increasein the number
of anicles covered. During that time al-
most 6.5 million different articles and
bookswere cited in the processingof al-
most 17 million references. Despite all
this, the annual values of the ratio for
the five years 1965-1969 were 1.65,
1.65, 1.66, 1.67, 1.67. Can you blame
mc for suspecting that behind all this
there lurks a constant, whatever you
chooseto call it.
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