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Since its inception in 1963, the Science
Citation Index® (SCI®) has been used for
many applications. For instance, sociologists
and historians of science have recognized in
it a powerful tool for studying trends in the
social, cultural, and cognitive structure of
science.!.2 And I've reported to you how
we use citation data to identify research
fronts for the emerging ISI Atlas of
Science® .3 First and foremost, however,
the SCI is a tool for searching the literature
and retrieving information.4 And it is
primarily with this purpose in mind that
every five years ISI® issues a cumulation
of the annual SCIs.

Cumulative Advantages

The word *‘cumulation’’ is derived from
the Latin word cumulus, meaning ‘‘mass.”’
The original meaning of the verb ‘‘cumu-
late’’ is ‘‘to gather or piie in a heap.”’S In
addition, the word later came to tean ‘to
combine into one’’ and*“to buiid up by ad-
dition of new materiai.”* It is in the sense
of both these latter definitions that ISI uses
the word to refer to its various cumulations
(or cums, as we cail them).

With the addition of the newly published
1980-1984 cum, the SCI’s back-year cov-
erage now includes the 30-year period from
1955 to 1984 and comprises over 9 million
articles produced during that span and
131 million works that those articles cited.
The 1980-1984 cum alone indexes almost
3 million source articles and contains over
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43 million citations. That compares with
2.6 million source articles and 34 million
citations in the 1975-1979 cum, reflecting
the growth in the scientific literature. The
number of citations per article also in-
creased: the average article in the 1975-1979
cum cited a little over 13 references, but in
the 1980-1984 cum, the average was a lit-
tle over 14 references. This innocuous-
sounding increase is by no means trivial: it
produced an increase of over 3 million cita-
tions from the 1975-1979 cum to the 1980-
1984 cum.

In the past, libraries benefited from cums
partly because cums required less shelf
space; the 1965-1969 cum, for example, oc-
cupies 50 percent less space than the corre-
sponding annuals for those years. But per-
haps the main advantages offered by cums
are increased convenience and an increased
rate of success in finding desired informa-
tion. In the first case, the cum saves inves-
tigators time by allowing them to survey sev-
eral years’ worth of material in a single set
of volumes rather than their having to pore
over several annual editions that may be in
separate locations. And the chances of find-
ing a particular citation are greatly increased
using a cum rather than multiple annual vol-
umes, since new citations have been added
to the cums and many inconsistencies in
cited references, authors’ names, and so on,
have been eliminated where possible. As
noted by Helen Cargill-Thompson, Ander-
sonian Library, University of Strathclyde,
Glasgow, Scotland, a cumulation gives the



searcher a better chance of locating biblio-
graphic information on work that is infre-
quently or irregularly cited.6 In fact, con-
venience and success rates were the main
factors cited by all the librarians we talked
to concerning the advantages of cumulations
over sets of annuals. Additionally, retrieval
theorists often forget that it may be the ob-
jective of a search to determine quickly that
a particular work has nor been cited over a
long period.

A H. Helal, director, Essen University
Library, Federal Republic of Germany,
noted that ‘‘the Science Citation Index and
its cumulations are of particular value be-
cause the source journals selected for cov-
erage are very carefully evaluated before in-
clusion. A continuous study [by Helal] of
user needs and corresponding journal re-
quests has shown that 90 to 95 percent of
user needs in the sciences have been met by
journal tities included in the Science Cita-
tion Index.’'7

The 30-year coverage offered by the SC/
cums is also an important factor in their
usefulness. Although at least 25 percent of
the citations in a typical year are to recent
works—that is, works published in the same
year or the two years previous to the citing
work8—a significant number of works from
earlier decades continue to be cited. For in-
stance, at least 10 percent of the citations
in current journals are to works published
between 1955 and 1964. As I commented
in a study of the 250 most-cited articles from
that period, most landmark works are still
being cited decades after their publication—
as are many other, lesser works.8 Thus, for
searchers interested in the work of a given
author over a span of years, or in the pri-
mordial work in a given field, the retrospec-
tive capabilities of the cumulated SCIs can
be invaluable.

In fact, the coverage and retrospective
searching power of the SCI cums were sig-
nificant factors in the decision of Stephanie
Normann, director, Library Services, Uni-
versity of Texas Health Science Center at

Houston, School of Public Health, to acquire
them. The SCI's coverage, she said, pro-
vided the library with an instant backlog of
reference source material. ‘*‘Our first stu-
dents were admitted in the fall of 1969; the
library started development in the spring of
1970,”" Normann said. ‘*We did not have,
nor could we afford, volumes of numerous
titles of abstracts and indices, and because
we’re very multidisciplinary, the Science
Citation Index was the index of choice.
Also, the SCI gives you a retrospective point
of view. Outside of clinical medicine, we
don’t have any other scientific index that
covers the 1955-1964 or prior period. Our
users have appreciated the 10-year cum to
the extent that we have purchased each sub-
sequent 5-year cum.’'?

As mentioned earlier, another advantage
of cums is in helping searchers track
developments within a given field. Judie
Malamud, acting director, Biomedical
Library, University of Pennsylvania, Phila-
delphia, observed, ‘‘It’s probably easier to
get a broader overview of what’s happen-
ing in a field [with a cum] than with a year-
ly [index].’’10 Normann voiced similar sen-
timents, saying, ‘‘It’s really much easier to
gain a perspective and perceive a trend. You
have a 5-year time frame [or 10 years in the
case of the 1955-1964 cum] to see the pat-
tern of citations.’*?

Sami Klein, chief, Research and Informa-
tion Services, US National Bureau of Stan-
dards (NBS), Gaithersburg, Maryland, em-
phasized the usefulness of the cums in find-
ing publications of individual NBS authors.
‘‘We're very interested in where NBS au-
thors have been cited,”’ she said. The reason
for this interest is twofold. According to
Klein, authors employed by the bureau must
submit manuscripts for publication to an edi-
torial review board for approval. When an
article is published, the author is supposed
to give the bureau a reprint so that a cita-
tion to it can be included in the NBS publi-
cations database. ‘‘But,”’ Klein said, ‘‘we
found that many citations to papers weren’t
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getting in our database; so we use the cums
as a check on our records. We aiso like to
see what kind of recognition our authors are
getting because to us the bureau is getting
recognition that way, also.’’1!

Good Things Come in
Cumulated Packages

As I said earlier, cums are more than com-
pilations of their corresponding annuals. For
instance, the size of the print in the Cita-
tion Index section of the 1980-1984 cum has
been increased 25 percent, making that sec-
tion easier to read. The cums-also contain
increased coverage of their respective fields.
Once again taking the 1980-1984 cum as an
example, 38,000 articles and almost 500,000
cited references included in that cum were
not indexed in the annuals for those years.
These two factors combine to make the
1980-1984 cum take up-a few inches more
shelf space than the respective annuals for
those years.

The additional articles and references in
the 1980-1984 cum come from journals we
added, based on bibliographic analyses
showing that their impact had increased on
their respective disciplines during the years
1980-1984, reaching the thresholds calcu-
lated for those fields. Journals added to the
SCI after 1980 were retrospectively filled
in for the years covered in the cum, just as
was done for the much-expanded coverage
of the 1955-1964 SCI cum.!2 And like the
annual editions of the SCI, each cum has a
preface, explanations of terminology and ci-
tation indexing, statistical summaries, and
sections describing how to use the various
indexes. For the convenience. of those not
yet familiar with the SCI, we briefly explain
how to use it at the ‘end-of this essay. In-
cidentally, Edward Anders, Enrico Fermi
Institute and Department ‘of - Chemistry,
University of Chicago, Illinois, whose work
appears in the examples at the end of the
essay, has written a Citation Classic®
commentary!3 on a paper he published in
1964.14

‘“‘Value-Added”’ Improvements

In a recent essay on ISI’s Current Chem-
ical Reactions® In-House Database, 1 men-
tioned that value-added information is the
subject of growing discussion in the infor-
mation industry.!5 In the case of the cums,
‘‘value-added’’ mainly refers to unifying
variant citations. These result when incom-
plete or even erroneous bibliographic infor-
mation about an author’s work is given by
those who cite that author. Thus, the au-
thor’s work can be indexed under several
different entries. But cums contain unusually
large amounts of data compared with in-
dividual annual editions; since our unifica-
tion procedures are more accurate as the
available pool of data increases, the cums
afford us an opportunity to eliminate some
of the inconsistencies in cited references.
With the 1980-1984 cum, we have intro-
duced new procedures that improve the con-
sistency of our information even more.

We have also developed procedures for
indexing surnames that contain particles,
such as ‘‘de’’ or “‘von.”’ Such names had
previously been treated according to the in-
dividual author’s style, as far as it was possi-
ble for us to determine it. In general, capi-
talized particles were treated as part of the
surname and fused with it; lower-case par-
ticles were treated like the author’s given
name and reduced to initials. In 1981, how-
ever, the treatment of such names was stan-
dardized; now all particles are treated as part
of the author’s last name. We modified all
the data in the 1980-1984 cum to conform
with this policy.

Finally, a major accomplishment in the
publication of the 1980-1984 cum has been
the elimination of the one-year time lag be-
tween the production of the Permuterm®
Subject Index and the other three parts of
the SCI—the Source, Citation, and Corpo-
rate Indexes. The delay in previous years
was caused by the sheer enormity of the task
of compiling and printing the cums. But im-
proved production techniques and a parallel
processing scheme now enable us to print
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the various components of entire cumula-
tions at the same time.

The World Brain

The 1980-1984 SCI cum is the latest of
a number of cumulations that have been pub-
lished recently, will soon be published, or
are in the planning stages. The Social
Sciences Citation Index® (SSCI®) cums
cover five-year intervals from 1966 through
1980, with the 1981-1985 SSCI cum ready
to be mailed later this year. And the first
Arts & Humanities Citation Index™ cum,
covering the years 1975-1979, is now avail-
able.

We are thus making exciting progress
toward our goal of indexing the scholarly
output of the twentieth century, a goal men-
tioned in one of my earliest editorials,!6
when 1 first talked about H.G. Wells's con-
cept of a *“World Brain.”’!17 The World
Brain was conceived as a vast encyclopedia
that would collect all the world's knowledge
in one source. '8 This was one of the found-
ing ideals of the American Society for In-
formation Science (then called the American
Documentation Institute), which this year
celebrates its SO0th anniversary.

But Wells’s phrase symbolized the actual
information itself. In 1945 Vannevar Bush
(1890-1974), professor of electrical engi-
neering at MIT and science adviser to Pres-
ident Franklin Delano Roosevelt, coined
the term ‘‘Memex’’ to denote the device
through which the World Brain information
would be retrieved.!?

In discussing the specifics of such a
device,20 ] noted that the SCI could be con-
sidered a step toward making Wells’s dream
a reality.18.20 Another step toward that goal
is the 1945-1954 SCI cum, now in the plan-
ning and preproduction stages. We look for-
ward to the completion of a full 40 years of
SCI coverage.

Print Cumulations Are Here to Stay

At the outset of this report I pointed out
that the SCI and the SSCI have been used

for many purposes other than searching the
literature. The extent of the nonbibliographic
uses is hard to measure, but one indicator
of the use for performance evaluation?! is
the repeated complaint that the Citation In-
dex lists papers and books under the first
author only. I have repeatedly reminded
readers that the Source Index does cover all
authors and that cross-references are pro-
vided for all coauthors. But the evaluators
complain that it is too time-consuming to
first check the author’s curriculum vitae or
the SCI Source Index and then look up in-
dividual papers in the Citation Index. One
solution to this problem would be to expand
the Citation Index section alone to include
coauthors—but were we to do so, its size
would be trebled. Instead of 64 volumes in
our 1980-1984 cum, we would have well
over 100. About 90 of these would be de-
voted to the Citation Index.

Many people think that there must be a
technological fix to this problem and point
to the SCI online. It is true that with
SciSearch® , the electronic version of the
SCI, readers may not find it so cumbersome
to check the cross-references for the papers
of a particular author or department. But the
online files of the SCI go back only to 1974,
The combined entries are not edited and cor-
rected as they are in the print versions, both
annual and cumulated. This is because the
primary aim of the online SCI is to give the
user as current a picture of research in a
given field as possible; it is not yet feasible
to run our time-consuming computer rou-
tines for the elimination of errors and the
unification of cited references. Those value-
added advantages are only cost-effective
with the large runs necessary for preparing
the printed annuals and cums. So despite the
utility of the online version of the SCI, the
printed cumulations still retain significant,
long-term advantages. Not the least of these
are corrections to errors called to our atten-
tion by authors themselves.

In the near future I will be telling you
about new technologies that may affect in-
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formation storage in the future. We must be
prepared to provide our data in a variety of
forms, to ensure access to all users in all
types of library sites. In spite of widespread
use of computers, over 90 percent of users
rely on print products. The reasons for the
gradual adaptation to new technologies are
varied. But the impact of electronic publish-
ing has been quite different from its pio-

neers’ predictions. The full realization of
Memex and the World Brain is lurking
around the corner, but for most of us it re-
mains science fiction—parallel processing
and laser discs notwithstanding.

* % X * %

My thanks to Stephen A. Bonaduce for his
help in the preparation of this essay.
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How to Use the
Science Citation Index®

In 1986, the Science Citation Index®
(SCI®) listings reflected the contents of
over 3,400 highest-impact journals that
published over 620,000 articles. The SCI
is issued bimonthly and cumulated in an-
nual, 3-year, and 10-year editions.

The SCI is a system of four basic in-
dexes.

The Source Index is an alphabetic list-
ing of all authors and all papers published
during the period covered by the index.
Full bibliographic information is provided
for each item, including article or book
title; journal title, volume, and issue num-
ber; full pagination; year of publication;
number of references cited; type of arti-
cle or item; and the author’s full address.

The Citation Index is an alphabetic
listing by first author of cited papers,
books, etc. Listed under each cited item
is the condensed citation for each citing
paper.

The Permuterm® Subject Index (PSI)
uses words appearing in the titles of
books and articles as indexing terms. All
significant words in a given title are
matched with each of the other signifi-
cant words in that title to create all pos-
sible pairs; each pair then becomes a
separate entry in the PSI.

The Corporate Index consists of two
complementary parts. The geographic
section is subdivided by country, state or
province, city, institution, and depart-
ment. The alphabetic organization section
cross-references each institution with its
geographic location.

The following examples, taken from
the 1980-1984 cumulated SCI, illustrate
the versatility of the SCI and the depth
and currency of its indexing.

To find the most recent information rel-
evant to the 1981 review of ‘‘Organic
compounds in meteorites and their ori-
gins,”’ by R. Hayatsu and E. Anders, turn
to the Citation Index, illustrated in Fig-
ure A. Complete bibliographic informa-
tion for the citing papers can be obtained

from the Source Index.

If one knows little about such organic
compounds, a search can be started in the
PSI. As illustrated in Figure B, a check
under the main heading of ‘‘Meteorites’’
reveals that it has been used together with
numerous other terms. Among these are
‘‘achondrites,”” *‘crystal,”” ‘‘nuclear,”’
etc., followed in each case by the names
of relevant authors. Turn to the Source
Index for full titles and the rest of the
bibliographic information.

To check whether a particular author
has published a book or an article in a
covered journal during the indexing pe-
riod, look for the name in the Source In-
dex. The Source Index provides full bib-
liographic information for verification.
For example, Figure C shows that J.
Geiss, 1 of the 16 authors who cite the
review by Hayatsu and Anders, published
four articles during the 1980-1984 period.

The Corporate Index identifies all
papers published at a specific institution.
For example, Figure D illustrates the
hierarchical structure of the geographic
index, which permits you to find all the
papers published by researchers working
in Swiss institutions. The entry for Swit-
zerland is subdivided by city. Under
‘‘Bern”’ you find the University of Bern,
where the Institute of Physics is located.
The Geiss paper is listed among the doz-
ens of others published by authors at the
institute.

A distinct advantage of the SCI lies in
its multidisciplinary coverage and cross-
referencing. For example, biochemistry,
physics, and astronomy may all be rele-
vant to the topic discussed by Hayatsu and
Anders. Likewise, citations to this work
may reveal relationships to other fields.

A detailed, schematic explanation of
search techniques appears in the front
matter of each issue. A complete ‘‘guide”’
and journal list are printed separately each
year.
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Selected, Edited Sample Entries from the 1980-1984 Science Citation Index®

(sCr®)

Figure A: Sample entry from the SCI's Citation Index.
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Figure B: Sample entry from the SCI's Permuterm® Figure D: Sample entry from the SCI's Corporate Index,
Subject Index. geographic section.
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