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Lina Ortega and Karen Antell

In this paper, we report the results of a bibliometric study in which we
track cross-disciplinary citation behavior in the sciences. We hypothesize
that cross-disciplinary citation in the sciences increased over the time
period 1985—-2000. Unlike most previous studies in this area, we assign
discipline to a paper by its first author’s affiliation, and we hypothesize
that assigning papers to disciplines based on first-author affiliation would
yield results consistent with previous findings on cross-disciplinary citation
rates in the sciences. Using the output of scientists in Biological Sciences,
Chemistry, and Physics departments at 12 large research universities
in 1985, 1990, 1995, and 2000 as our data set, we measure the cross-
disciplinary citation rates of each discipline and compare our results to

the findings of previous studies in this area.

ccording to Rustom Roy, in-
terdisciplinarity was “born”
in 1960 when the sciences,
which for a century had been
fragmenting into smaller, specialized
sub-fields, responded to the post-Sputnik
call for a “New Frontier” in science and
education. Solving the “mission-critical”
problems of society —in the environment,
medicine, energy, and space research —re-
quired science to cross disciplinary
boundaries and even to forge new dis-
ciplines in the interstitial areas between
disciplines.!

The birth of interdisciplinarity has
led to new patterns in the dissemination
and use of scientific information, because
scientists doing interdisciplinary research

need to use information from outside
their “home” discipline. In an attempt to
serve scientists’ information needs bet-
ter, librarians and information scientists
have measured and tracked these new
patterns in numerous ways, many of
which involve the collection and analy-
sis of citation data. Citations constitute
convenient “counters” because they are
generally assumed to reflect the use of
information.

To study these patterns, researchers
must have some way of assigning a paper
to a certain discipline, in order to deter-
mine whether citations to it fall within
the same discipline or a different disci-
pline. Most studies on this topic assign
discipline by subject or “category.” Some
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researchers assign discipline based on the
descriptors or subject headings assigned
by an indexing service to the paper itself.
Others assign a paper’s discipline by the
Library of Congress (LC) classification
or the Institute for Scientific Information
(ISI) category of the journal in which the
paper appears.

This is a logical way to assign dis-
cipline, but as numerous researchers?
have noted, it is fraught with ambiguity:
“A serious shortcoming of bibliometric
studies based on [ISI data] is the lack of a
universally applicable subject classifica-
tion scheme [for] individual papers.”?
In this paper, we present another way to
“assign” a discipline to a paper, using the
“author affiliation” feature of ISI's Web of
Science. We chose this method to avoid
the many ambiguities that result from
assigning discipline by subject. Authors
who have used ISI’s journal categories
to assign discipline have had to account
somehow for the fact that ISI “multi-as-
signs” journals—that is, one journal can
be listed in several different categories.
Fernanda Morillo, Maria Bordons, and
Isabel Gomez (2003) found that, on aver-
age, “53% of journals within each [ISI]
category were multi-assigned.”* The same
is true for the use of subject headings,
at both the journal and the article level:
multiple subject headings means that it
can be difficult to unambiguously assign
a discipline to a particular paper. In ad-
dition, ISI's categories vary greatly, and
rather arbitrarily, by size and scope. Some
categories encompass relatively broad
categories of discipline, such as “Chem-
istry, Physical,” which includes 101
journals. Other categories are much nar-
rower: “Andrology,” with 5 titles, covers a
much smaller subfield within a discipline.
Moreover, the ISI categories themselves
are often interdisciplinary. “Geriatrics
and Gerontology,” with 27 journal titles,
includes many titles from each of the
disciplines traditionally conceived as
Biological Sciences and Medicine, as well
as some from disciplines outside the sci-
ences, such as Psychology. In fact, some

titles are cross-listed in categories in the
Social Sciences. The interdisciplinarity of
the ISI subject categories thus confounds
the use of these categories to assign dis-
cipline for the purposes of measuring
interdisciplinarity.

Our method, on the other hand, is
unambiguous: we assign each paper
a discipline based on its first author’s
departmental affiliation. Papers whose
first authors are affiliated with chemistry
departments are assigned to Chemistry;
papers whose first authors are affiliated
with zoology departments are assigned
to Biological Sciences, and so forth. In
addition, by dividing science into only
three broad disciplines—Chemistry,
Physics (including Astronomy), and the
Biological Sciences—our method sets a
high bar for “interdisciplinarity.” That
is, a paper by an organic chemist citing
a paper by a physical chemist does not
“count” as a cross-disciplinary citation
according to our scheme, because both
papers are assigned to Chemistry. We
use broad disciplines so that our mea-
surement reflects true cross-disciplinary
information use, not merely the use of
information by scientists in separate but
related subdisciplines.

This study’s use of author affiliation
to assign discipline is not entirely new.
Sydney J. Pierce uses author affiliation to
assign discipline in a study of “bound-
ary-crossing” that measures how often
authors from one discipline publish in
another discipline’s journals.® In a study
of interdisciplinary collaboration, Liwen
Qiu assigns discipline by authors’ depart-
mental affiliations.® Joachim Schummer
assigns discipline by author affiliation
in a study of the interdisciplinary nature
of nanotechnology journals.” However,
author affiliation has not been used to
assign discipline to papers in any previ-
ous study of interdisciplinarity across the
broad fields of science.

Our study measures cross-disciplinary
citation over time in the broad science
disciplines: Chemistry, Physics, and the
Biological Sciences. We hypothesized
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that cross-disciplinary citation in the
sciences had increased over the time
period 1985-2000 because, by many
counts, interdisciplinary research ap-
pears to be increasing. According to
John W. Houghton, Colin Steele, and
Margaret Henty, “There is a shift away
from pure/basic research towards more
applied and developmental activities,
and a decline in the share of expenditure
on ‘non-oriented’ research with strong
increases in the more interdisciplinary,
problem oriented fields.”® Today, major
funding sources, such as NSF, often give
preference to applied research projects
with a demonstrated “broader impact” to
society than pure research.’ According to
the most recent NSF Science & Engineer-
ing Indicators, “Cutting-edge science in
many fields increasingly involves a broad
range of knowledge, perspectives, and
techniques that extend beyond a given
discipline or institution.”” On a related
note, the Science & Engineering Indicators
report a steadily decreasing proportion
of researchers involved in pure or basic
research,'" indicating a corresponding
increase in the proportion of applied
research, which is more likely to be in-
terdisciplinary in nature. In addition, the
proliferation of research institutes with
names such as “Interdisciplinary Center
for Biotechnology Research” over the last
15 years is an informal but highly visible
indicator of the increasing significance of
interdisciplinary research in the sciences.
One very rough measure of this, a count
of citations in Compendex (performed in
October 2005), shows 106 citations in 2005
by authors whose affiliations include the
phrase “interdisciplinary center,” “inter-
disciplinary centre,” “center for interdis-
ciplinary,” or “centre for interdisciplin-
ary.” This count is indeed an unscientific
way to gauge the increase in the number
of interdisciplinary centers, but it does
provide a quick idea of the magnitude
of change: by comparison, for 2000, this
count turned up only 24 citations; and, for
1995 and 1990, the counts were 13 and 0,
respectively.
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In addition to hypothesizing that
cross-disciplinary citation activity had
increased from 1985 to 2000, we also
hypothesized that assigning papers to
disciplines based on first-author affilia-
tion would yield results consistent with
previous findings on cross-disciplinary
citation rates in the sciences. We chose
first-author affiliation as an alternative
to ISI category both because author af-
filiation is readily available in Web of
Science, the most comprehensive and
most commonly used citation analysis
tool, and because it overcomes the ambi-
guity of assigning discipline based on ISI
category. To measure the reliability of the
author-affiliation method, we compared
our results to the results of other studies
of interdisciplinarity in the sciences to
gauge how well our method corroborates
previous findings.

Literature Review

The literature on using citation analysis
to measure interdisciplinarity is both
vast and diverse. Some studies focus on
the interdisciplinary nature of a single
field,? others on methods for creating core
journal lists in interdisciplinary fields,"
and still others on producing “maps” of
the interrelatedness of multiple fields."
However, here we will focus on studies
that are most comparable to ours: studies
that use citation analysis to measure and
compare the amount of interdisciplinary
information usage of several different
disciplines.

Seminal Works on the Use of Citation
Analysis to Measure Interdisciplinarity
Two papers stand out as being seminal
works in this area. Based on the 1965
output of academic literature in the UK,
Penelope Earle and Brian Vickery’s 1969
study covers most academic disciplines
and, using Dewey classification to assign
discipline, measures the extent to which
disciplines cite themselves and cite other
disciplines.’® The sheer amount of data
gathered and analyzed in this study
makes it remarkably useful as a bench-
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mark for other researchers. A. L. Porter
and D. E. Chubin’s 1985 paper introduces
the indicator known as “Citations Outside
Category” (COC),"® which subsequently
has been employed (and often modified)
by many other researchers on interdisci-
plinarity. COC relies on the journal subject
categories established by ISl in its Science
Citation Index, Social Sciences Citation Index,
and Journal Citation Reports, all of which
are now accessible through ISI's Web of
Science database. COC has the advantage
of being fairly simple to understand and
to use. It is an excellent tool for obtaining
arough and ready estimate of the interdis-
ciplinarity of a given set of papers. How-
ever, as many researchers have noted,"”
and as discussed above, COC also has the
potential to be somewhat ambiguous and
arbitrary, especially when, as is often the
case, it is based on ISI categories.

Other Works Employing “Citation Outside
Category” or Similar Measures

Porter and Chubin’s COC measure has
been applied successfully, and in some
cases modified, by numerous researchers
in a variety of studies of interdisciplinar-
ity. Jin M. Choi uses COC to measure the
“centripetal” and “centrifugal” tenden-
cies of the anthropological literature—
that is, in what proportions the literature
relies on other anthropological literature
(centripetal) and on literature outside
the discipline (centrifugal). In analyzing
citations, Choi assigns discipline by LC
classification, a scheme that avoids the
ambiguity of ISI categories.’

Morillo et al. (2001) use the chemical
literature to compare COC with two other
measures of interdisciplinarity —analysis
of ISI multiassignation of journals and
analysis of multiassignation of documents
in Chemical Abstracts. They find similar
results from all three measures, but they
note that this convergence might not hold
for other disciplines and that the ISI mul-
tiassignation of journals is a less sensitive
measure than the other two."

Pierce studies a more direct form of in-
terdisciplinary communication, “bound-

ary crossing,” which occurs when authors
publish outside their own fields. As in our
study, she uses author affiliation to assign
discipline, noting that “academic depart-
ments [and] graduate programs . . . are
organized along disciplinary lines.”* Fo-
cusing on sociology and political science,
Pierce finds, contrary to assumptions, that
boundary-crossing articles are cited more
frequently by journals in disciplines out-
side the author’s disciplinary affiliation
than non-boundary-crossing articles.

Ed]. Rinia et al. analyze a huge data set
of 643,000 citations from Science Citation
Index—the complete set of citations as of
1999. This study applies a measure similar
to COC to all scientific disciplines and
their interrelations, assigning discipline
by ISI journal category while noting the
limitations of assigning discipline in this
way and calling for investigations into
other methods of assigning discipline.
Their results quantify the degree of
self-citation of each scientific discipline
as well as the degree and the pattern of
citation outside of discipline.?! Similarly,
Schummer also calls for “a method in-
dependent from journal classification.”*
He uses coauthor affiliation analysis to
determine the interrelatedness of subject
literatures in nanotechnology, concluding
that, although many disciplines are see-
ing an increase in the number of articles
they publish on nanotechnology, little
interdisciplinary communication is tak-
ing place.

The 1998 NSF Science & Engineering In-
dicators includes a table of the distribution
of citations across both broad and nar-
rower fields for articles published in the
United States in 1994 and 1995 that cited
other articles published in 1990 through
1993. ISI categories were used to assign
discipline to articles, and, for that time pe-
riod, cross-disciplinary citation rates were
higher for Biology and Engineering than
for Physics and the Earth Sciences.?

Thed van Leeuwen and Robert Tijs-
sen use ISI categories to assign discipline
and measure cross-disciplinary citation
(CDC), an indicator that is virtually
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identical to COC. This study covers most
scientific disciplines and measures not
only the amount of interdisciplinarity of
each field but also the change in interdisci-
plinarity over the time period 1985-1995.
The authors find great variability among
the disciplines with respect to their level
of interdisciplinarity (ranging from 14%
for astronomy and astrophysics to 97%
for medical informatics) but detect little
change in interdisciplinarity for most
fields during this decade.?

Significant Studies That Use Other Mea-
sures of Interdisciplinarity

A few recent studies take novel ap-
proaches to assigning discipline and
measuring interdisciplinarity. W. Glanzel
et al. address the “problem” of articles
in multidisciplinary journals, such as
Science, Nature, and the Proceedings of the
National Academy of Sciences, by assigning
a paper’s discipline by its citations rather
than by its journal category. The authors
test their method by applying it to several
discipline-specific journals and compar-
ing the results with previous results
using more traditional methods. They
find a high rate of convergence between
methods, indicating that their method is
valid and useful for analyzing articles in
multidisciplinary journals.”

Morillo et al. (2003) develop an indica-
tor of interdisciplinarity based on ISI’s
multiassignation of categories—that is,
they count as more interdisciplinary those
journals that are assigned to multiple
categories by ISI. In effect, this method
turns the ambiguity of ISI categories into
another tool for measuring interdiscipli-
narity.?

Qiu, like Pierce, uses author affiliation
to assign discipline, but studies cross-
disciplinary collaboration rather than
boundary-crossing publication or citation
outside discipline. In the field of library
and information science between 1972
and 1991, Qiu finds that the percentage of
interdisciplinarily collaborative articles,
although low (2.7% overall), is increasing
significantly.”
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Citation Analysis for Collection Develop-
ment and Management
Julie Hurd’s work is a prime example of
the use of interdisciplinary measures to
guide collection development. She typi-
cally gathers citation figures using local
samples, so her findings yield data that
represent information use at a particular
institution, and she uses her findings to
make recommendations for collection
development. She has published several
studies in which she employed COC to
measure interdisciplinarity in the scienc-
es. In one study (1992), Hurd investigates
the literature used by chemists at one
institution and finds that 49 percent of the
literature they cited in their papers came
from outside the discipline of Chemistry.
In this study, Hurd assigns discipline to
the cited papers by author affiliation and
to the citing papers using categories from
Ulrich’s International Periodicals Directory.
Her results are interesting, but the fact
that she assigns discipline differently to
the citing and cited papers introduces a
degree of uncertainty about whether the
results would be different if discipline had
been assigned the same way to both sets of
articles. As she notes, 40 percent of the cit-
ing papers (by the chemists) were actually
published in journals that Ulrich’s does
not classify as chemistry journals, so her
results might have been different if she
had assigned discipline in the same way
to both the citing and cited papers.?
Hurd’s 1999 paper on the literature
used by molecular biologists is similar in
its treatment. She examines the output of
papers from a group of molecular biolo-
gists, again assigning their discipline by de-
partmental affiliation, and investigates the
disciplines of the literature they cite, again
assigning discipline to the cited literature
using Ulrich’s journal classification. She
finds that 59 percent of the cited literature
is classed in biology, with the remaining lit-
erature coming almost exclusively from the
classes of Medicine and “General Science”
(covering multidisciplinary periodicals
such as Science, Nature, and Proceedings of
the National Academy of Sciences).”
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Methodology

We used ISI's Web of Science database to
locate journal articles written by authors
affiliated with biological, chemical, or
physical science departments in the Big
12 universities (see table 1) and published
in the years 1985, 1990, 1995, or 2000. We
chose this set of institutions because it
would provide data that was “local” (it
includes our institution, the University of
Oklahoma) while drawing on a broader
sample than just our own institution. The
Big 12 universities are often considered
by university administrators to be the
University of Oklahoma’s “peer class”
for gauging the university’s develop-
ment with regard to research funding,
endowment sizes, faculty salaries, library
holdings, and so forth. As a “peer class”
for the University of Oklahoma, the Big
12 is apt because all of its institutions are
large, publicly funded, comprehensive
research universities, and 11 of the 12 are
members of the Association of Research
Libraries.

Science departments were identified
by examining departmental listings on
each institution’s Web page and then cat-
egorizing them into Biological Sciences,
Chemistry, or Physics. For example, a
Department of Ecology and Evolutionary
Biology was categorized as Biological Sci-
ences, and a Department of Astrophysical
and Planetary Sciences was categorized as
Physics. Alist of articles was retrieved for
the selected departments at each location
for each of the four years. Data on articles
were gathered for five-year increments
ending with the year 2000 to allow ample
time for the “three-year citation peak” to
have occurred.®

In order to work with a manageable
set of articles, we used a random sample
generator in SPSS to select 50 articles from
each of the three disciplines and each of
the four years that were investigated. This
resulted in 12 “discipline-year” sets of 50
articles each. Next, for each discipline-
year set, a list of citations to the articles
was compiled using Web of Science. Thus,
for each of the 12 discipline-years, we

TABLE 1
Big 12 Universities

Iowa State University

Kansas State University

Oklahoma State University, Stillwater
Texas A&M University, College Station
Texas Tech University

University of Colorado, Boulder
University of lowa

University of Kansas

University of Missouri, Columbia
University of Nebraska, Lincoln
University of Oklahoma, Norman
University of Texas, Austin

ended up with two data sets that formed
a discipline-year pair: the list of fifty origi-
nal sampled articles and the (much lon-
ger) list of their citing articles. The 12 lists
of citing articles ranged in length from 277
citations (to Biological Sciences articles
published in 2000) to 1,374 citations (to
Physics articles published in 1990).

Next, the departmental affiliation
for the first author of each citing article
was identified in order to assign a dis-
cipline—Biological Sciences, Chemistry,
Physics, or Other—to the paper. This
enabled us to calculate the percentage of
cross-disciplinary citations (CDCs). We
counted a citation as “cross-disciplinary”
if its first author’s affiliation was from a
different discipline from that of the article
it cited. We then analyzed and looked for
patterns in the differences in CDC rates
among the four years and among the three
disciplines.

To help us discern additional patterns,
we then did further analysis to determine
the composition of the “Other” category.
Again, we grouped the citations into dis-
ciplines according to their first author’s
affiliation, but this time we included the
categories Engineering, Medicine, Gen-
eral Science, and “Other.” General Science
comprises authors affiliated with earth
sciences departments or departments
with nonspecific names such as “Depart-
ment of Science,” while, in this case, Other
is assigned to authors affiliated with
mathematics, agriculture, or veterinary
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science departments, as well as to those
whose departmental affiliations could not
be determined.

Results

Cross-Disciplinary Citation Rates

As figure 1 shows, the CDC rates for all
three disciplines generally stayed within
the range of 30 percent to 45 percent over
the four years studied. In comparing the
three disciplines and their total citations
for the four years, there was not a sig-
nificant difference among the three disci-
plines with regard to how frequently one
discipline is cited by others (X?=5.06, df
=2, p 20.05). Overall, CDCs to Biological
Sciences and Physics decreased over time,
whereas CDCs to Chemistry increased. A
chi-square goodness-of-fit test was addi-
tionally performed for each discipline in
an effort to determine whether changes in
CDC counts from one publication year to
the next were significant. These changes
over time were significant for biology
and physics (biology: X? = 10.07, df = 3,
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p < 0.05; physics: X* =62.38, df =3, p <
0.001), but not for chemistry (X*>="7.58, df
=3, p 2 0.05). Figure 1, which shows the
percentages of CDCs for each publication
year, indicates a greater difference among
the disciplines for CDCs in 2000 than in
previous years, suggesting that CDC rates
for the three disciplines may diverge more
over time.

Table 2 shows the percentage of cita-
tions from one of the three major disci-
plines to another. In general, these rates
were quite low: most CDCs to each of the
three major disciplines came not from
the other two major disciplines, but from
the other sciences. The one exception is
the rate for biologists citing chemists:
between 1995 and 2000, this rate leapt
dramatically from 2.2 percent to 17.1
percent.

Because most of the CDCs came from
outside the three major disciplines, we
did further analysis to attempt to discern
any patterns. As table 3 shows, several
patterns emerged. First, the majority of

FIGURE 1
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TABLE 2
Citations from One of the Three Major Disciplines to Another
Year 1985 | 1990 | 1995 | 2000
Citations to Biological Biological Sciences | 60.4% | 58.8% | 67.1% | 66.4%
Sciences from . ... Chemistry 27%| 4.5%| 83%| 5.8%
Physics 01% | 12%| 0.1% | 0.4%
Other Disciplines 36.8% | 35.5% | 24.5% | 27.4%
Citations to Chemistry Biological Sciences | 7.4% | 1.7% 22% | 17.1%
from ... Chemistry 64.0% | 65.0% | 59.5% | 55.6%
Physics 1.9% 8.8% 50% | 2.7%
Other Disciplines 26.7% | 24.5% | 33.3% | 24.6%
Citations to Physics from . . . Biological Sciences | 0.5% | 0.2% 1.9% | 03%
Chemistry 1.9% | 4.4% 5.8% 1.6%
Physics 71.3% | 55.5% | 62.7% | 78.8%
Other Disciplines 26.3% | 39.9% | 29.6% | 19.3%

Note: The shaded areas show each discipline’s self-citation rate.

citations to Biological Sciences from other
fields came mainly from Medicine for all
four years studied. Nonetheless, citations
from Medicine to Biological Sciences
decreased steadily over the time period
studied, from 21.0 percent in 1985 to 13.0
percent in 2000. Second, Engineering cited
the Biological Sciences very infrequently:
less than 1 percent in each of the four
years.

The citations to Chemistry showed
more variety. All categories cited Chem-
istry to some extent, although it is dif-
ficult to discern any particular patterns.
The 2000 spike in citations by Biological
Sciences to Chemistry articles may in-
dicate increasing reliance on chemistry
sources.

Citations to Physics articles from other
science fields are dominated by citations
from General Science. Authors in the
“other” category tend to cite Physics
somewhat more than either Biological
Sciences or Chemistry. One surprising
result is the 5.8 percent of citations by
Medicine to Physics articles published
in 1995, especially given that Medicine
did not cite Physics articles at all in the
other years. Additionally, in 2000, all

categories except General Science cited
Physics articles less than in the previous
years. With 2000 being the most recent
year analyzed, it would not be surpris-
ing for the number of citations to those
articles to be lower in general because
there has not been as much time for cita-
tions to have taken place. However, this
was not the case for Biological Sciences
and especially not for Chemistry, which
had more citations to 2000 articles than in
any of the previous years.

Figure 2 shows that the total number of
citing journals in each discipline increased
steadily and significantly between 1985
and 2000. This finding, combined with
our rather mixed results about increasing
cross-disciplinary citation, suggests that
the proliferation of journal titles in the
sciences in recent years is not necessarily
explained by increasing interdisciplinar-

ity.

Discussion

Citations from Outside the Discipline
Results from our study indicate that 30
percent to 45 percent of all citations to
Biological Sciences, Chemistry, or Phys-
ics come from other disciplines. These
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results are strikingly different from the
conclusion reached by Porter and Chubin,
who reported that for articles published
in selected journals in 1979, the citations
between “grand categories” (for example,
life sciences or physical sciences) are
rare, accounting for only 4 percent of
citations.”

While our overall CDC rates for the
four years for Biological Sciences (36.7%),
Chemistry (39.0%) and Physics (36.4%)
fall in a rather narrow range, the year-to-
year differences suggest that cross-disci-
plinary usage of information changes over
time. Contrary to our hypothesis, how-
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ever, not all of the disciplines showed an
increase. Citations to Biological Sciences
from other disciplines actually decreased
over the time period we studied. Further
analysis is needed to better understand
the decline in citations to Biological Sci-
ences. Perhaps citation analysis at the
subdiscipline level or content analysis of
the articles and their citations would pro-
vide more information on research trends
in Biological Sciences and disciplines that
cite it. Conversely, citations to Chemistry
from other disciplines increased over the
years analyzed. Again, a more detailed
analysis of chemistry literature would

TABLE 3
Citations from Other Science Disciplines to One of the
Three Major Disciplines
Year 1985 | 1990 | 1995 | 2000

Citations to Biological Chemistry 2.7% | 4.5% | 83% | 5.8%

Sciences from . ... Physics 0.1% | 12% | 0.1%| 0.4%
Medicine 21.0% | 17.5% | 15.7% | 13.0%
Engineering 03% | 02% | 0.6% | 0.7%
General Science 11.5% | 12.1% | 5.7% | 9.4%
Other Disciplines 4.0% | 57% | 2.6% | 43%
Total cross-disciplinary 39.6% | 41.2% | 32.9% | 33.6%
citation rate

Citations to Chemistry Biological Sciences 74% | 1.7% | 2.2% | 17.1%

from ... Physics 1.9% | 8.8%| 5.0%| 2.7%
Medicine 99% | 32%| 38% | 7.8%
Engineering 6.8% | 73%| 9.5%| 6.0%
General Science 34% | 7.5%| 158% | 5.6%
Other Disciplines 6.6% | 6.6% | 43%| 53%
Total cross-disciplinary 36.0% | 35.0% | 40.5% | 44.4%
citation rate

Citations to Physics Biological Sciences 05% | 02%| 1.9%| 0.3%

from ... Chemistry 1.9% | 44%| 58% | 1.6%
Medicine 0.0% | 0.0%| 5.8% | 0.0%
Engineering 1.8% | 82% | 2.8% | 1.6%
General Science 16.7% | 24.2% | 11.8% | 13.3%
Other Disciplines 77% | 7.6% | 9.1% | 4.3%
Total cross-disciplinary 28.7% | 44.5% | 37.3% | 21.2%
citation rate
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help determine whether the literatures of
certain subdisciplines, such as biochemis-
try or physical chemistry, are increasingly
cited not only by other fields such as the
Biological Sciences or Physics, but also
by Medicine or Chemical Engineering.
Citations to Physics from other disciplines
varied most widely over the four years
studied, increasing sharply from 1985 to
1990 and then decreasing. Itis not known
why this is the case, but it would be help-
ful to identify research trends in the sci-
ences that might have made articles from
a certain year in a specific discipline more
likely to be cited by other disciplines. An-
other interesting possibility proposed by
Ackerson is that the “lag time” between
when articles are published and when
they are cited by other disciplines varies
from field to field and that “the rate of dif-
fusion is slowed between disciplines that
are dissimilar.”*? Rinia et al. also suggest
that “interdisciplinary impact” may not
be evident until some time has passed.”
A.].Meadows proposes that more closely
related disciplines share information
quickly, while the process takes longer
for more unrelated disciplines.* In other
words, it could take longer than four years
for other disciplines to identify and use
Physics literature, which may explain

why the figure for 2000 Physics articles
is so much lower than that for Biologi-
cal Sciences or Chemistry. This could be
an important consideration in selection,
weeding, and transferring decisions, to
ensure that patrons will continue to have
access to needed materials.

Comparison with Previously Published
Results

A caveat

To test our hypothesis that the author-af-
filiation method of assigning discipline
would yield results consistent with other
researchers’ findings, we compared our
results to previous work in this area. For
several reasons, however, it is difficult to
compare the results of different studies of
cross-disciplinary citation in the sciences.
First, each investigation chooses and de-
fines its disciplines differently. Some stud-
ies, like ours, take the “grand categories”
of Biological Sciences, Chemistry, and
Physics as their focus. Others consider
the multiple subfields within a discipline,
such as botany, zoology, and microbiology
within the Biological Sciences. Some stud-
ies, like Earle and Vickery’s, are compre-
hensive, studying all of science, whereas
others focus exclusively on one discipline
or even on one subfield. Second, meth-
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TABLE 4 (CONTINUED)
Comparison of Results from Previous Studies

¢ o - ods differ dramatically from one
P = . .
=3 N investigation to another. As noted
e —
I above, researchers have chosen to
assign discipline to articles using
LS Dewey or LC subject headings,
=2 > ISI or Ulrich’s journal categories,
" authors’ departmental affiliations,
. -2 and subjects assigned by indexing
»w 2 . .
=33 = services such as Chemical Ab-
A~ ? stracts. In addition, some studies
2 focus on local collections, local use,
e e or local authors, whereas others
<
=2 g E‘ attempt to study larger volumes of
g s e articles, in some cases including the
£ o o § E» I entire scientific literature output
+~ 2] . . . .
2 § & ® s (for instance, Rinia et al.). Third,
© @ 2= previous studies naturally vary
. by time period covered, and some
Ex = seminal studies that are useful for
= 2 . . .
o~ g comparison are those published in
%’ the 1960s or earlier, which might
£ 2 £ result in dramatically differing
=3 B findings, especially since interdis-
© = ciplinarity is often considered to
g w 3 g have been “born” in the 1960s.
R % =g However, we have taken mea-
= O
o 25 E sures to present the best “apples to
: e Py apples” comparison between our
I o728 findings and the results of previ-
= § § 4:::: ‘ga ous studies (see table 4). For in-
2 “ S = 6 stance, some studies (such as Earle

and Vickery’s) report disciplines
“self-derivation” rates rather than
CDC rates, so we have figured the
CDC rate simply by subtracting
the self-derivation rate from 100%.
We have also taken the liberty of
aggregating disciplines in some
cases to provide a more accurate
comparison between another
study’s findings and our own.
Earle and Vickery, for example,
report the self-derivation rates
for several subfields of Biological

Biol. Sci.
1990

Biol. Sci.
1985

2. biochemistry and molecular biology

LE - — Scielllces, ‘t.)ut not .for the .discipline
& ’g 25 %g ] of Biological Sc1enc.es .1tse.1f. We
59 —“ &1 %2z 5 have aggregated their findings to
Z 3 =8l55%8 g enable a more fruitful comparison
iﬂ 3% ‘2 8|28 82 between their figures and our
= é - g g 557" results for the Biological Sciences
FES || Zddd and for Physics.
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Comparison of overall CDC rates

Earle and Vickery’s study of articles pub-
lished in 1965 serves as a useful baseline
for current research because their disci-
pline coverage is comprehensive and their
work provides a snapshot of citation ac-
tivity in science articles for 20 years before
the earliest year analyzed in our study.
For the Biological Sciences, they find
that 52.2 percent of citations came from
outside disciplines, a somewhat higher
figure than our finding of approximately
40 percent (for 1985 Biological Sciences
articles). For Chemistry, the discrepancy
between Earle and Vickery’s findings and
our own was even greater: they reporta 70
percent CDC rate for Chemistry, whereas
we report 36 percent. From the starting
point of Earle and Vickery, then, inter-
disciplinary usage of articles authored
by biologists or chemists appears to have
decreased. For Physics, on the other hand,
Earle and Vickery’s results are similar
to ours, with CDC rates of 24.9 percent
and 28.7 percent, respectively. However,
these comparisons might be somewhat
distorted due to the fact that the annual
number of articles published in the sci-
ences increased so dramatically between
the 1960s and the 1980s.%

In several other cases, however, results
from our study resemble those of previous
research. Our CDC rates of 32.9 percent
and 33.6 percent for Biological Sciences
articles published in 1995 and 2000, respec-
tively, are similar to the 1998 NSF Science
& Engineering Indicators rate of 38 percent
for biology and Rinia et al.’s 37.1 percent
for “basic life sciences.” Our CDC rates of
40.5 percent (1995) and 44.4 percent (2000)
for Chemistry articles are slightly higher
than Ackerson’s reported 36.0 percent
(1995) and Rinia et al.’s 36.8 percent (1999).
For 2000 Physics articles, our CDC rate of
21.2 percent is exactly the same as that
reported by Rinia et al. Generally, results
from our study and results from Ackerson
and by Rinia et al. are similar; this supports
our hypothesis that the author-affiliation
method would produce results similar to
the results of similar previous studies.
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The variance in results across the
research literature indicates that using
similar methods of assigning discipline
to scientific articles will not necessarily
result in similar CDC rates. Of the seven
comparison studies, four assigned disci-
pline using ISI categories (van Leeuwen
and Tijssen, Ackerson, the 1998 NSF
Science and Engineering Indicators, and
Rinia et al.), and the other three assigned
discipline by Dewey Decimal subject
(Earle & Vickery), Ulrich’s International
Periodicals Directory (Hurd), and LC sub-
ject classification (Greene). The results of
the four studies that use ISI categories are
no more similar to each other than to the
other studies’ results, and there is little
evidence that any one method yields more
reliable results than another. This makes
it difficult to evaluate our author-affilia-
tion method: it produces results that are
consistent with some, but not all, of the
previously published findings.

Conclusions and Implications for
Collection Management

Our results, based on an author-affiliation
method of assigning discipline in the sci-
ences, indicate decreasing CDC rates over
the last 20 years for Biological Sciences
and Physics, and an increasing CDC rate
over the last 20 years for Chemistry. These
results do not support our first hypoth-
esis, which stated our expectation that
CDC rates had increased over the time
period 1985-2000.

Other studies of interdisciplinarity in
the sciences use other methods to assign
discipline and to measure citation rates,
and their findings are not all consistent
with each other or with ours. We com-
pared our results to previous findings to
test our second hypothesis, which stated
our expectation that the author-affilia-
tion method would produce results that
were consistent with previous findings.
However, because the previous findings
are so dissimilar to each other, it is dif-
ficult to evaluate our hypothesis. Our
results are consistent with some previ-
ous results, particularly other large-scale
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studies performed on articles published
during the same time period that we
studied, 1985-2000. But our results cannot
be consistent with all previous results,
simply because the previous results vary
so widely. Because of the high variability
among the previous results, we cannot
make firm conclusions about the author-
affiliation method’s validity. However,
we conclude tentatively that the author-
affiliation method shows promise as an
alternative to methods based on ambigu-
ous ISI journal categories. Certainly, the
author-affiliation method’s results do not
cohere with previous results any less than
the results of other studies. Additional
data from future studies may help clarify
the role that this method can play in mea-
suring cross-disciplinary citation rates.
Our results raise a few interesting
questions about the methods used to
measure interdisciplinarity and even
about the definition of “discipline.” For
instance, even though our study shows
an increase in interdisciplinarity in
Chemistry, our Chemistry results show
much less interdisciplinarity than Earle
and Vickery’s 1965 findings. This may
show an overall trend over time toward
less interdisciplinarity, as we have found
for Biological Science and Physics. On the
other hand, however, this apparent trend
might not reflect actual levels of interdis-
ciplinarity. It is possible that the research
performed by academic departments
in recent years is not rigidly defined as
belonging to a particular discipline and
there is more diversity of research areas
within departments. Perhaps academic
chemistry departments were more likely
in 1985 than 1965 to include researchers
who had biochemistry backgrounds.
If scientists conducting research at the
interface of biology and chemistry were
more likely to be affiliated with biology
departments in 1965, and if they often
cited articles by authors affiliated with
chemistry departments, it would appear
that there was more interdisciplinary
research going on at that time. In more
recent years, however, we have noticed

anecdotally that chemistry departments
are likely to have scientists working
on biochemistry or molecular biol-
ogy research questions. As it becomes
more commonplace for departments to
encompass a diversity of research, as-
signing discipline to articles by author
affiliation might lead to the conclusion
that there is less cross-disciplinary usage
of research from other disciplines. This
is one drawback of assigning discipline
to articles by author affiliation: it does
not account for changes over time in
the types of research areas that would
be investigated in certain departments.
In fact, L. L. Hargens, in his study of
migration patterns of holders of scien-
tific doctoral degrees, pointed out that
“common preconceptions of the bound-
aries of scientific fields” may prevent
researchers from fully understanding
patterns of information use across disci-
pline boundaries.* Historical studies of
academic departments and their research
areas would help determine whether
the research areas incorporated by de-
partments have become more varied or
interdisciplinary.

Ackerson notes that “citation analysis
can be a useful tool for library decision-
making.”¥ While we agree that citation
analysis can be useful, comparing our
data with previous research shows that
results can vary widely according to the
disciplines investigated and the methods
used. Our results indicate that CDC rates
can change appreciably from one year
to another. It is also possible that results
can vary by the sample used: for instance,
some studies investigate the output of one
academic department at one institution,
whereas others (such as Rinia et al.) look
at the entire scientific literature produced
in selected years. Our sample, consisting
of articles published by scientists at Big
12 institutions, falls in the middle with
regard to sample size and scope, but it
is possible that the scientific output of
scientists at Big 12 universities is not
representative of the scientific output as
a whole.
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Fortunately, for the purposes of collec-
tion management, it may not be necessary
to know the exact CDC rates for disci-
plines. It may be enough to know that at
least one-third to one-half of the literature
cited by one discipline belongs to another
discipline, so other departments will be
affected by decisions that are made re-
garding one department’s subscriptions,
cancellations, or transfers.

Hurd also discusses the implications
of cross-disciplinary use of information
for the physical arrangements of libraries.
She claims that such usage might be better
supported by a broader science library,
rather than smaller branches that focus
on a small number of specific disciplines.®
Leon Shkolnik points out that the increas-
ing availability of information sources in
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electronic formats may to some degree
alleviate the inconvenience of having
to retrieve items from multiple branch
libraries, but some materials, particularly
older ones, are still available to users only
in print.* Therefore, the potential for
interdisciplinary usage of information
should be considered in both the physical
arrangement of libraries and the arrange-
ment of electronic resources.

Itis all too easy for information profes-
sionals who are responsible for collection
development and collection management
in specific disciplines to focus exclusively
on those disciplines. However, we will
serve all of our patrons better if we
remember how frequently researchers
from other disciplines make use of those
materials as well.
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