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ABSTRACT

Measurement of scientific literature is here considered a substantial part of the study of interdisciplinarity. It is argued
that the determination of interdisciplinarity can be made through the use of scientometrics and bibliometrics. Distinction
between these two methods was made. Scientometrics is viewed as the quantitative form of “‘science of science” and
bibliometrics is viewed as the quantitative form of information science. Citation analysis is presenied and discussed as the
tool most used by scientometricians to determine interdisciplinarity.

INTRODUCAO

Since the 1960s, quantitative studies
of science have developed mainly
in response to Derek de Solla Price’s
reserarch on patterns of scientific
growth (Science Since Babylon16 and
Big Science, Litle Sciencel7). Price
nas concluded that science has grown
at a rate proportional to its current
size.

Such an exponential growth may
be largely due to interdisciplinary
relationships. Therefore, the search for
determination of these relationships,
whatever the aims are or the methods
used, constitute a quantitative study
of sciences; scientometrics or interdis-
ciplinarity study.

In this paper we shall summarize
a review of the literature and concepts
of the methods and techniques that
have been employed for determination
of interdisciplinarity.

BIBLIOMETRICS VERSUS
SCIENTOMETRICS

Bibliometrics and scientometrics are
the methods that have been most used
i the studies of interdisciplinarity.
Scientometrics has some other applica-
tions which will not be considered
here. The application of bibliometrics
is even more diffuse, but only those
applications that deal directly with
the study of dispersion will receive
attention herewith.

To consider the two methods it is
necessary to make a distinction between
them as methods of study of interdis-
ciplinarity. Only in the most recent
literature and very en passant have
thése two methods been brought
together. An attempt to distinguish
one from the other has not yet been
made.

At first, one is led to believe that
it is a question of western and eastern
terminology for the same thing: what
we call bibliometrics is called sciento-
metrics or ‘‘naukometriya” by the
Russians. However, after a closer
examination of the studies that have
used the methods one can see that
in many cases the difference lies in the
conceptual approaches employed.

Price, who probably was first western
author to use the word “scientometrics”
to mean the method devoted to quanti-
tative studies of science, in a two-
part work, “Studies in Scientometrics”,
employed the method within the
context of sociology of science:

...... many of the richest areas for
research in the sociology of science
depend upon some understanding of
what may be called the actuarial statis-
tics of the scientific community.

One needs to know the dynamic

processes which govern emergence,

survival and disgppearance within

that community .

Eric de Grolier, writing on the use
of quantitative data in information
science defines scientometry as the
measure of scientific activities or the

quantijtative form of “science of scien-
ce(6), He also states that scientometry
largely overlaps the domain of biblio-
metry.

Narin and Moll, in" their extensive
review of the literature of bibliometrics,
do not mention the term ‘‘scientome-
trics” but devote one section to the
studies of ‘“science and scientists”
where they cover the name and works
related to scientometricsl .

Ignorance of the Russian language
by western information scientists is
probably responsible for the absence
of studies comparing these two quanti-
tative approaches to the study of the
development of science.

The world’s only scientometric serial,
Naukovedenie i Informatika, has been
published in Kiev since 1969, which
in its very name makes a connection
between information science and scien-
ce studies, clearly within the domain
of scientometrics or the fusion of the
two.

It is this connection between
information science and science studies
that makes scientometrics distinct from,
if not more specific than, bibliometrics.
They both lie between the social and
the physical sciences, as they use units
(books, serials, articles) that can be
measured, and are in fact means for
measuring the phenomena to be inves-
tigated by information scientists.

As in many other disciplines within
the social sciences, the application of
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mathematical methods to the investi-
gation of information phenomena gives
information science the quantitative
approach that makes it a science.

Other social disciplines such as
sociology and economics, avail them-
selves of mathematical methods, i.e.,
sociometrics and econometrics. Although
these two methods are more distinct
from each other than are scientometrics
and bibliometrics they also overlap
in their endeavors to measure social
phenomena.

Pritchard, the coiner of the term
“bibliometrics” defined it as “the
application of mathematical methods
to books and other media of communi-
cationl9”. With such a large scope
it is no surprise that the term encompas-
ses so many things. Aiyepeku, reduces
its scope a little bit by adding “....
in order to shed light on the charac-
teristics of formalized information
transfer and to understand the course
and development of a disciplinel”.

But, even with this addition the term
covers too much. Thus, bibliometrics
does not have a unified face to present
to the bibliometrician, let alone to the
outsider.

Scientometrics, as used in this
paper, is not just another term encom-
vassed by bibliometrics; it is the quanti-
tative form of <science of science”
It specifically aims at the measuring
of relationships among sciences, i.e.,
it is a major component of interdisci-
plinarity studies.

As a consequence, scientometrics is
more theoretical than bibliometrics,
while the former more frequently
works with models, the latter more
frequently works with techniques. These
differences may not as yet be quite
evident in the current literature, becau-
se most studies in the area of informa-
tion science using a quantitative ap-
proach have been labeled “bibliometric”
studies.

However, as one goes deeper into the
works that have used the two methods,
one begins to see that bibliometrics
has more pragmatic objetives, since it
is at the service of pragmatic disciplines
(library science, information science,
documentation) while scientometrics is
at the service of less pragmatic discipli-
nes (philosophy of science, sociology
of science, science, and history of
science).

Therefore, bibliometrics and scien-
tometrics are distinct and are used
with different purposes, because the
disciplines of which they are components
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have different purposes. While the first
group of disciplines is basically concer-
ned with characteristics of the infor-
mation carrier and user’s behavior, the
second group is concerned with in-
terdisciplinarity and the producer’s
behavior. To date, the only thing
the two methods really have in com-
mon is the use of the same technique,
i.e., citation analysis.

CITATION ANALYSIS

Until recently, ‘citation analysis”
was used as a collective expression to
mean ‘“‘analysis” of any datum in
one puplication that would indicate
use of somebody else’s work. Narin
and Moll used the concept of a differen-
ce between reference and citation
(after Price), thus adding another
quantifiable unit of analysislz. They
called ‘“reference” the source unit
(an article in a journal, a chapter or a
division in a book, etc). and called
citation the receiving unit, or a referen-
ce given by a source. These two units
are believed to display different indi-
cations of interdisciplinarity.

Narin, Carpenter, and Berlt proba-
bly thought of the distinction when
they attempted to measure “‘interrela-
tionships of scientific journalsl3. Many
of the results obtained by citation ana-
lysis through citation counts are not
affected by this distinction.

Citation counts are said to be relia-
ble and valid. As a unit of measure,
citations are stable, consistent, and
precise. They neither change with
time nor lose properties. They are pre-
cise in the sense that they are distin-
guished from every other citation, but
their accuracy depends on what one
wants to measure.

A measure is only accurate when
it is valid, i.e., citations do not always
raeasure what the researcher believes
citations are measuring. Because we do
not know why citations are used by
authors, citation counts cannot have
prcdictive vaiidity .

For example, one cannot predict
that an author who has cited the litera-
ture of certain disciplines in one of
his articles is going to cite literature
of the sarie disciplines in his next
article. However, citation counts do
have content validity, if the sample
is adequate.

One can sample the literature of a
discipline and find out about certain
characteristics of the literature of
that discipline. The higher the frequen-

cy of a given characteristic, the better
inference one can make about it as a
description of the literature under
study.

Citations are counted as one of the
steps of citation analysis technique,
which involves a fuller study of ci-
tations than simple counting. Citation
analysis is based on certain assumptions
which support some of its inferences:
(a) all authors have similar citation
habits; (b) an author cites those mate-
rials he has used as sources; and (c)
all papers cited contribute to the content
of the paper that cited them.

Many citation analysis studies incor-
porate these three assumptions into
their deductions. Despite many attacks
from several research fronts, resear-
chers continue to employ this technique
in current research studies of biblio-
graphic characteristics.

Critics of the citation analy*'s
technique argue that there are many
social and individual reasons why an
author cites materials he uses, therefore,
they say no pattern can be consistent
enough to use as a basis for the fornwula-
tion of a hypothesis. They have many
arguments:

(a) citations are a formality dictated

by social customs;

(b) citations are used to gain favor
with important scholars in a dis-
cipline;

(c) authors cite themselves for self-
promotion; and

(d) authors aften cite what they do
not use and do not cite what
they do use.

Besides these four citicisms which
try to impugn specifically the assump-
tions mentioned above, but which
are also vague and lack specific evidence
through any kind of research, there
are other criticisms from members of the
research community that use the tech-
nique.

Norman Kaplan concluded that
scientists use citations in order to (a)
establish property rights, (b) confer
intelectual and scientific respectability
on the paper, and (c) curry favor with
influential colleagues!O.

Cranc does not think that the use of
citations constitute an exact measure
of intelectual debts, nor that the
citations made in particular paper have
contributed equally. Of some importan-
ce to many research results is her ob-
servation that:

....the extent to which publications
are cited is related to the stage of
development of a research area and
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cannot be used as a simple measure

of its growth2.

Garfield, a conspicuous worker in the
field of citations analysis, wrote about
some specific limitations of the techni-
que:

. .citation frequencies are a function
of other variables besides scientific
merit. Some of them are authors’
reputations, controversiality of the
subject, journal circulation, reprint
dissemination, coverage by secondary
indexing and abstracting services,
availability in library collections, and
s0 on.

These limitations, howerer, are only
a few examples of an abundant literatu-
re on the subject. These authors have
observed that from most of the analy-
tical studies in which the technique
was used one or more limitations
emerged. Availability and types of
materials, for instance, are very impor-
tant functions of citation frequenci',
as demonstrated by Walker et al2l,

Parallel to the question of availability
one can indicate as an important
function the number of reprints that
are distributed. Hagstrom pointed out
that biologists are far more likely to
distribute large numbers of reprints
than those in other fields”.

One wonders how much review ar-
ticles influence citation frequency. In
Hagstrom’s opinion references in review
articles are more important than refe-
rences in research articles. Recent
studies of scientists activities in the
realm of sociology of science and
of science of science (Crane, previousl}y
cited, and especially Cole and Cole?)
have shown numerous factors that
influence citation frequency and have
indirectly demonstrated the ineffective-

ness of the technique as a measure of
merit. :

However, the limitations of the
technique do not seem to restrain the
impetus to using it. Its use has been
extended from more or less simple
description of disciplinary literature to
analytical studies of relationships among
sciences. In addition, recent studies
have used the technique as a tool for
evaluation of scientific performance,
productivity, and quality of research!4.

Reactions from the scientific
community to the use of citation ana-
lysis as a tool for science administra-
tors as proposed by Wade20 need be
considered by any researcher contem-
plating the use of the technique.

While there seems to be nothing
wrong with the assumptions and me-
thods employed by many of the cita-
tion studies, the reliability of the
technique has seldom been tested and
its validity has often been questioned.
Some important conclusions by various

investigators require replication and
confirmatory studies.
Kanasy’s dissertation? presents a

long list of conclusions on the subject
that requires further confirmation. Al-
though another recent dissertation3 can
be considered an updated contribution
to the testing of Kanasy’s first out
of five most important conclusions,
all the other four need additional
validation:

1. In all sciences there is conside-
rable borrowing from the literature of
other disciplines.

2. In the developing disciplines the
cited literature is less than ten years
old.

3. The most frequently cited litera-

ture in all scientific disciplines appears
in a few journals.

4. In the literature of the social
science, serials play a less significant
role.

5. Title dispersion among social
science serials is high.
CONCLUSIONS

1. It was suggested that the mea-
surement of scientific literature
is a substancial part of the study
of interdisciplinarity.

2. It has also been argued that the
determination of interdisciplinari-
ty can be made through use of
such 1nethods as scientometrics
and bibliometrics.

3. It was contended that the most
important goal of scientometrics
should be the determination of
interdisciplinarity between scien-
ces, rather than to measure
only growth.

4. Distinction was made between
sicentometrics and bibliometics
in terms of their purposes. While
scientometrics can be seen as the
quantitative form of ‘“‘science of
science™ dealing specifically with

interactions among  sciences,
bibliometrics is seen as the
quantitative form of library and
information science frequently
dealing with less theoretical
problems.

5. Citations were said to be at the
heart of interdisciplinarity studies.
They were recognized as the most
common, not as the only means
by which interdisciplinarity can
be determined.

RESUMO

Mensuracdo da literatura cientifica, parte substancial do estudo de interdisciplinaridade. Argumento sobre a viabilidade
da determinacdo de interdisciplinaridade através do uso de cientometria e bibliometria. Distingdo entre esses dois métodos e
indicagdo de que o principal objetivo da cientometria deve ser a determinagao de interdisciplinaridade entre ciéncias e ndo
apenas a mensuragdo de suas expansdes. Sugere-se também que a cientometria deve ser vista como a forma quantitativa da
“ciéncia da ciéncia”, interessando-se especificamente pela interacdo entre ciéncias, enquanto a bibliometria é vista como for-
ma quantitativa da ciéncia da informagdo e da biblioteconomia, interessando-se frequentemente por problemas menos teori-
cos. Enfase sobre as caracteristicas da “‘andlise de citagdes” como técnica empregada em bibliometria e cientometria ¢ como
um dos meios usados para determinacao de interdisciplinaridade.
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