DISCUSSION PAPER

® ABSTRACT

In blockmodeling and co-citation analysis recent studies of scientific specialties
and research areas have hit upon two new quantitative methods of investigating
the cognitive and social structure of science. After examining the assumptions
upon which these techniques are based and the objections that have been
levelled against them, this paper discusses the potential for linking the two
methods in order to provide a descriptive foundation for the construction of a
sociology of scientific knowledge.

Quantitative Foundations for
the Sociology of Science:

On Linking Blockmodeling with
Co-Citation Analysis

Timothy Lenoir

Three principal objectives guide the investigation of the cognitive
sociology of research areas; two of them are descriptive, and the
other is explanatory, in nature. The first is to provide an accurate
map of the cognitive structure of the area and its developmental
path. The second is a description of social structure. The final ob-
jective is a causal account that correlates stages in intellectual
development with stages in the evolution of social structure.
Although several theorists have attempted to develop sufficiently
generalizable quantitative methods as a foundation for com-
parative studies of diverse types of research area in science, the in-
ferences that can be drawn safely from these methods have, until
now, been limited. In general terms, the quantitative methods have
not provided sufficiently detailed information on cognitive and
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social structure. The result is that the patterns detected by such
studies are compatible with several possible explanatory models,
leaving too many degrees of freedom in the formation of a causal
account linking the two major variables.

Specifically, the citation techniques employed in earlier work do
not give an adequately detailed representation of the structure of
the literature from which intellectual maps of specialty develop-
ments can be constructed. The technique of recording numbers of
citations to single works typically employed in earlier studies! does
succeed in identifying the most heavily cited, and presumably most
influential, documents; but this method cannot generate a refined
map showing the relationship between documents and their relative
importance in the cognitive structure of the research area. Such a
map is essential for the central thesis of those committed to explor-
ing models for the sociology of knowledge, however. For if it is
true that cognitive and social development are intricately linked,
then the intellectual map of the area ought to correspond to its
social structure, and shifts in the intellectual development of the
specialty ought to be reflected in the development of social struc-
ture.

Another set of problems concerns the analysis of the social struc-
ture of research areas and the extent to which this analysis can be
conducted independently of assumptions concerning the cognitive
structure of the area. This problem is most evident in identifying
members of the specialty, particularly for large specialty areas. In
preparing the file of documents to be used in the citation study it
has been typically necessary to rely on informants in constructing
the relevant bibliography.? Authors in this file are then queried on
their many levels of social contact, and their patterns of informal
communication are examined. Now such a sampling method would
be expected to reveal the social relationships among these in-
dividuals, and their perception of the influence of certain key per-
sons on their intellectual development as well as on their own
perception of the field; but it is not necessarily safe to assume that
the cognitive map thus generated reflects the ‘true’ history of the
field, or that these social relations capture the social organization
of the entire specialty. It is possible that using informants’ ac-
counts in generating the population forces the investigator to adopt
a limited actor’s perspective of the field; for the method proceeds
by identifying localized groups, and different groups may perceive
the history of the field in different ways.? Thus it could be objected
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that the cognitive structure of these social networks has not been
sufficiently distinguished from their social structure; and, further-
more, that the social structure of the entire specialty may not be
captured by the organization of these groups.

A closely related difficulty concerns the effectiveness of the
quantitative methods employed up to now for representing social
structure. It may not be entirely evident that the relations examined
by a questionnaire are the relations in terms of which the target
group actually interact. What is needed is some method of arriving
at the relations intrinsic to the particular group structure itself.
There is also the possibility that the correlation of individual at-
tributes alone — such as ‘productivity’ and ‘number of citations
received’ — may produce a distorted picture of social structure.
The problem here is twofold: on the one hand, the view of social
structure exhibited by one set of interactions may differ con-
siderably from that revealed by another, and the two may in fact be
incomparable; on the other hand, individual interactions may in-
terlock, influencing one another reciprocally. Social relations are
generally conditioned by more than a single variable. Thus in deter-
mining whether a collection of authors who happen to publish on
the same subject constitute a social group and what the structure of
that group might be, it is necessary to examine a number of social
ties simultaneously, for an accurate picture of social organization
can only be expected from some method capable of aggregating dif-
ferent networks of relations.*

Thus, before quantitative techniques can be expected to furnish
an adequate descriptive foundation from which inferences can be
drawn concerning the nature of the interaction of social and
cognitive structures in scientific development, two problems re-
quire solution. First, some method must be provided for giving a
detailed representation of the cognitive structure of research areas.
Second, improvements in the analysis of sociometric data are re-
quired which circumvent arbitrary systematic bias and distortion
on the one hand, and which also permit the analysis of social struc-
ture to proceed independently of assumptions concerning cognitive
content on the other.
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Co-citation Analysis and the Cognitive Structure
of Research Areas

It is indeed a surprising and interesting result that problems relating
to the investigation of cognitive structure are solved by examining
not the direct citation of one paper by another but rather the fre-
quency of citation of papers together by papers appearing at a later
date (‘co-citation’). While the simple direct citing of one paper by
another indicates some sort of linkage, the quality of that linkage
— whether the citation signifies dependence of content, the ap-
proval or validation of content, and the strength of the link — can-
not be inferred. Co-citation, however, links two papers on the basis
of their use by a third group of papers. Of course, the two papers
linked by co-citation might themselves fall in the set of ‘third’ or
citing papers; but the interesting feature about this relationship is
that frequent common usage would seem to imply similarity in con-
tent, and the strength of that link can be considered a measure of
the closeness of content. What emerges from such an analysis is not
a flow chart of critical events, as is the case with direct citations,
but changing clusters of such events.’

There are three extremely reasonable assumptions which are at
the basis of the claim that co-citation patterns generate a cognitive
map of a research area. According to Belver Griffith, one of the
founders of this methodology, they are:

() If there are two documents X, and X,, and X is cited by document y and X,
is not cited, X, is more likely to have been of use in the preparation of document
y than X,.

(II) If documents cite documents in common, they are more likely to be judged
as related in content than documents which do not cite any document in com-
mon.

(III) If documents X, and X, are cited by document y, they are more likely to be
judged as related to one another in content than to document X,, which is not
co-cited with X, and X,.6

Co-citation analysis permits the identification of the ‘core’
literature of a specialty without making assumptions about
documents to be included in that literature. The method employed
by Henry Small is to take, as a file, all documents included in the
Science Citation Index (SCI) cited 15 times or more. The number 15
is arbitrary, of course, but as in (I) above it is assumed that a highly
cited paper is an ‘intellectual marker.” The next step is to find all
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the documents in this first set which are co-cited with any other
document in the set. Finally, the entire set of co-cited documents is
examined, and all clusters of documents are extracted at specified
thresholds of citation. For identifying work on collagen, Small us-
ed a threshold of 11 as the number of times a document had to be
co-cited with another document of the set in order to be clustered
together. Again the threshold is arbitrary, but the appropriate cut-
off to be used for the specialty in question will ordinarily be just
above the point where a relatively small cluster of documents disap-
pears in a macro-cluster; that is to say, at the point where the
literature in a research area begins to merge into the specialty
literature of the field, and at lower levels of co-citation, where
specialty bibliographies merge with the disciplinary literature.’
Small points out that ‘At level 11 our annual SCI yields roughly 900
clusters containing two or more documents with the mean cluster
size of about five documents.’® The claim is that these closely con-
nected documents correspond to the various specialty research
areas in all of science. The method represents these areas as natural
groupings in the scientific literature.

Perhaps the most exciting new innovation in the analysis of the
cognitive structure of research areas is a spatial modeling technique
introduced as a companion to co-citation analysis. This new techni-
que, developed by Small,® represents the similarity in content of
documents as distances in a ‘subject space’: the closer the
documents, the more similar their content. The basis for this
representation, of course, is the assumption (central to co-citation
analysis) that any two documents frequently co-cited are perceived
as conceptually linked. The beauty of the technique, however, is
that it permits an accurate graphic display of the relative closeness
of core documents and the conceptual orientation of other
segments of the literature with respect to them.

This spatial representation of the structure of the literature is
made possible by treating documents, not as geometric points, but
as circles in a subject space. The area of each circle is a function of
the citation frequency associated with the document it represents.
Co-citation is represented as the intersection of two citation sur-
faces. All citing papers are treated as ‘unit circles’ forming the sub-
ject space, and positions of the centres of the co-cited papers are
located by using Kruskal’s M-D SCAL II multidimensional scaling
technique for determining the best configuration of points fitting a
given set of data.’® The positioning and resulting overlap of the



