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Patterns of migration among disciplines and specialties are examined using data from a
large survey of U. S. Ph. D. s in a broad range of fields, Mappings of scholarly fields are
derived from the migration patterns and these mappings are largely consistent with results
from previous studies using citation flows and other measures of field similarities. Migration
patterns suggest that there are two boundaries dividing the fields in this analysis, and that
hierarchical relations among disciplines are weak or absent. In contrast, specialties within a
discipline are more likely to exhibit structural hierarchies.

Introduction

The rapid growth of scholarly activity over the past two centuries has been
accompanied by its increased differentiation into disciplines, specialties. and even
subspecialties. Although the processes producing this differentiation have received a
fair amount of attention,! few researchers have systematically examined the extent
and pattern of the relationships between these units of scholarly activity. This is
surprising in view of past recognition of the importance of this topic. Both Comte
and Durkheim identified the proliferation of scientific fields as a possible source of
the disintegration of science. Comte viewed it as one reason for the development of
the “positive philosophy,” and Durkheim used it to illustrate the anomic division of
labor.2 More recently, Kuhn has argued that studying the structural relations among
scientific fields is a prerequisite for analyzing many other topics in the history and
sociology of science.® This paper addresses the structural relations between units of
scholarship in the United States. It does so by analyzing scholars’ intellectual migra-
tion patterns between disciplines and specialties within comtemporary scholarship.

Two concepts guide most approaches to studying structural relations between
scholarly fields: proximity and hierarchy. The proximity of two fields usually refers

*Revised version of a paper presented at the George Sarton Centennial, University of Ghent,
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to the extent to which their theories and methods overlap. Thus, biochemistry is more
proximate to molecular biology than to history. Development of measures of
proximity is a first step in producing “maps™ of scholarly activity and in determining
clusters of similar scholarly fields.* Scholarly fields are hierarchically related insofar
as one is seen as more fundamental than the other. This idea dates back at least to
Aristotle, who in the Posterior Analytics sets out formal criteria by which one field
may be judged as being “prior 10” another.® Contemporary discussions of the idea,
however, usually follow Hagstrom’s definition of hierarchy in terms of asymmetric
information flows.® For example, elementary particle physics is often characterized

as being more fundamental than other areas of physics because it supplies more
information to each of the other areas than it receives from them. Hagstrom offers

a number of examples of purported asymmetries in various scientific fields, and argues
that they are the basis of prestige differences among fields.

When one group of scholars relies heavily on the concepts and techniques of
another group, it is likely that the former will heavily cite the publications of the
latter. Thus, attempts to study information flows among scholarly fields usually
employ some form of data on citation flows.” But two significant difficulties have
hindered the use of citation-flow data to answer questions about structural relations
among fields. First, the source of nearly all citation-flow data, the Institute for
Scientific Information, divides its data into three separate files: one for the natural
sciences and mathematics (used for compiling the Seience Citation Index), another
for the behavioral sciences (used for compiling the Social Science Citation Index),
and .a third for the arts and humanities (used for compiling the Arts and Humanities
Citation Index). Thus, studies of the scientific literature to date have focused either
on the natural sciences and mathematics or on psychology and the social sciences,
rather than encompassing the natural and behavioral sciences.® Second, citation index
data consist of information about specific articles so these data must be aggregated
for entire disciplines or specialties before citation flows between such fields can be
studied. This is a fo_rmidable task. As a result, those who analyze citation-flow data
tend to focus on whether they reveal patterns consistent with common preconceptions
of the boundaries of scientific fields rather than on the nature of citation flows
across such bondaries.’

A possible alternative to using citation flows to study the relationships between
scholarly fields is to use data on the migration of scholars between them.'® Though
migration patterns are less closely connected to flows of information than are citation
flows, there are reasons to expect migration patterns to reflect information flows.
Because scholars sometimes switch fields in order to gain competitive advantages in
the quest for priority and recognition,' ' migration patterns should reflect cognitive
relations among fields. For example, when two fields exchange large numbers of

146 Scientometrics 9 (1986)



L. L. HARGENS: MIGRATION PATTERNS OF U.S.Ph. D. 8

scholars, the fields probably share important cognitive commonalities.'> Similarly,
when large numbers of scholars trained in one field migrate to a second, but few
from the second migrate to the first, it is likely that the theories or methods of the
first have significant applications in the second but not vice versa. Thus, the flow of
ideas from one field to another is often accompanied by the movement of scholars
in the same direction.'® Indeed, such movement appears to be a common factor in
the emergence of new fields.'

Data on the migration of scholars among fields of scholarship are less subject to
the technical difficulties noted above for citation-flow data. First, migration flows of
scholars are much smaller in number than citation flows among papers, and it is
therefore easier to obtain very broad coverage of fields within a single data file.
Second, scholars can be queried directly about their primary fields of interest thereby
avoiding potentially arbitrary decisions on how to aggregate them into fields.

Of course, the magnitudes of migration streams among fields are affected by
forces other than the fields’ intellectual proximities and hierarchies, such as their
relative sizes and changes in these sizes over time. A recent study of the migration
of German academic scientists elaborates this point in suggesting that labor market
forces are the most important causes of interfield migration.! * Fortunately, techniques
are available for taking into account the relative sizes of fields when analyzing interfield
migration.’ ¢ In addition, the analyses of citation flows provide a partial gauge to
assess the adequacy of using migration flows to analyze structural relations among
fields. To the extent that the two kinds of flows show consistent patterns, one can
be more confident of the picture of field relations that the migration-flow data
suggest.

Data and methods

This study uses data from the 1981 Survey of Doctoral Recipients (SDR) carried
out by the National Research Council’s Office of Scientific and Engineering Personnel
(OSEP). The survey’s sampling frame included all those who had earned doctorates
in the sciences, engineering, and humanities during 1938—80 and who were residing
in the U.S. in February 1981. From this sampling frame the OSEP drew a random
sample stratified by year of doctorate, field of doctorate or employment, sex, race/
ethnicity, and citizenship. A 70-percent response rate yielded information for
39 547 respondents, and analyses of possible response bias for the 1981 and previous
SDRs suggest that they are representative on their target populations.’”’

For the purposes at hand it is desirable to omit those who are unlikely to be
engaged in research and those whose migration patterns are likely to have been
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determined by the organizational authority of others rather than by their own

choices. Thus, I excluded persons with positions in organizational settings that tend

to discourage self-directed research,’® and those who reported that they held positions
that were predominantly administrative in nature. The resulting sample consists of

18 377 respondents.

The OSEP used different sampling fractions to obtain reliable data for various
subcategories of scholars in its survey. Thus, in order to estimate the actual numbers
of scholars who follow a particular migration path, one must weight each of the
respondents by his or her sampling fraction. This weighting procedure yields estimates
of the sizes of migration streams for the 221 300 Ph.D.s who constitute the population
of interest in this analysis.

The 1981 SDR asked each respondent to indicate from a list of 207 *“specialties”
both the major field of his or her doctorate and that of his or her current employ-
ment.!® The analyses reported below are based on crosstabulations of the responses
to these two questions. A large number of possible methods for analyzing data in this
form exist.2® In my analysis, I first produced simple graphs or “maps™ of the major
migration streams of Ph.D.s between fields, To do this I used multidimensional
scaling analysis (MDS) of measures of the dissimilarity of fields’ migration patterns.
This technique (the same as that Blau and Duncan used to study the flows of workers
between occupational categories) yields two kinds of information.?’ First, it indicates
the number of spatial dimensions needed to represent adequately the fields as far as
similarities in their migration patterns are concerned. Second, it identifies groups of
fields that exhibit similar migration patterns.

Next I compared the sizes of each of the migration streams among the fields in a
given analysis with the sizes predicted by Goodman’s “quasi-perfect mobility”

(QPM) model.2? The QPM model posits that, except for the immobility represented
by the main diagonal of a mobility matrix, movement within the matrix is solely a
function of the sizes of the origin and destination categories. It is thus possible to
determine the extent to which the migration streams in a matrix exceed what would
be expected on the basis of field sizes and their changes over time,

Finally, I constructed graphs showing (1) the relative field positions yielded by
the MDS analyses, and (2) the disproportionately large migration streams. Dispropor-
tionately large migration streams are those that are at least two times larger than
predicted by the QPM model.
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Results
Migration between large disciplines and disciplinary groups

Examining the migration streams between large disciplines and groups of smaller
ones provides an overview of the major patterns of movement of scholars. To
identify them, I began by constructing 17 relatively homogeneous categories from
OSEP’s 14 general category classification.?® and then crosstabulated respondents’
Ph.D. and current employment categories. As noted above, respondents in my analyses
are weighted by their sampling fractions so as to produce estimates of the population
frequencies in each cell of a 17-by-17 table.

Of the 272 off-diagonal cells in this table,?* 111 contain zeros. Thus, even when
scholarly fields are broadly defined, no one travels many of the possible migration
paths between them. Moreover, the frequencies in the off-diagonal cells of the table
are highly skewed, their mode, median and mean being 0, 14 and 103, respectively.
Thus, the table consists of many streams with few migrants and a few streams with
large numbers.

In order to represent the crosstabulation graphically, I computed both “inflow”
and “outflow™ percentages for each category and then calculated matrices of
dissimilarity coefficients for each of the two types of percentage. Each of the two
matrices of dissimilarity coefficients was then submitted to a MDS analysis program.
In both cases the Kruskal stress coefficients for three, two and one dimensions
suggested that a two-dimensional solution is appropriate,>® and in both cases the 17
general fields were arranged in a roughly triangular pattern with one vertex consisting
of history and the arts and humanities; the second consisting of experimental biology,
other biology and medicine; and the third consisting of mathematics, computer science
and astronomy. Figure 1 portrays the relative positions of the fields in the MDS
analyses and depicts the disproportionately large migration streams among the fields
by arrows between them. Solid arrows denote streams that are at least four times
larger than predicted by the QPM model and dotted arrows represent streams that
are between two and four times larger. It should be noted that the positions of
fields in Fig. 1 do not exactly reproduce their relationships in the MDS analyses.

The latter vary slightly depending on whether inflow or outflow percentages are
analyzed and depend to some extent upon random sampling variation. In addition,
the positions of fields that were quite close together in the MDS analyses, for
example, history and the arts and humanities, are separated slightly in Fig. 1 for
greater graphic clarity. These small distortions of the MDS results are not significant
since we are primarily interested in the broad patterns shown by the migration
streams.
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model = === ’

The results portrayed in Fig. 1 indicate that the 17 general areas of scholarship
are grouped into two clusters: the natural sciences and mathematics, and the behavioral
sciences and humanities. The former cluster is arrayed along a dimension ranging
from mathematics, astronomy and computer science at one pole to the life sciences
at the other pole. Physics and mathematics are central fields among the first group,
and experimental biology is a central field among the second group. Chemistry and
the geological sciences occupy important structural positions as intermediaries
between the physical and life sciences. The patterns of disproportionate migration
flows do not suggest that the fields in the first cluster form even a fairly weak
hierarchy since many disproportionate flows are reciprocated and those flows that
are unreciprocated do not form transitive patterns.

Fields in the behavioral sciences and humanities cluster disproportionately tend tc
exchange scholars among themselves rather than with fields in the first cluster. The
only exception to this rule is a flow from the social sciences to mathematics. A closer
inspection of the origin and destination specialties of the scholars in this migration
stream reveals that 75 percent specialized in “social statistics” for their Ph.D.s and
are currently working in ‘‘mathematical statistics”. Thus, the only significant link
between the behavioral sciences and the fields in the first cluster stems from the
prominence of statistical methods in the former. Once again, the pattern of flows
within the behavioral sciences and humanities cluster do not suggest that the fields
are arranged hierarchically.

150 Scientometrics 9 (1986)



L. L. HARGENS: MIGRATION PATTERNS OF U.S. Ph. D. §

How well do these results conform to previous work on the structure of scholarly
fields? This work has been of two general types: (1) structural analyses based on
citation flows between papers, journals, etc., and (2) analyses of the similarities
between disciplines in terms of various attitudes and behaviors of their members.*¢

Most of the work on citation flows has focused on the natural sciences, and
therefore can be compared only to the upper part of Fig. 1. In their study of highly
cocited papers in the natural sciences, Griffith et al. found that such papers tend to
be in three general areas: physics, chemistry and biomedicine. They also fund a
relatively weak connection between physics and biomedicine and stronger links
between chemistry and both biomedicine and physics.>” Griffith et al. noted that in
their analysis, chemistry seems to play an important role in integrating much of
natural science. In their research on citation flows among journals in the natural
sciences and mathematics, NVarin et al. found that the fields could be spatially
represented by the sequence mathematics, physics, chemistry biochemistry and other
biomedical sciences, an ordering consistent with the upper part of Fig. 1.2% Like the
researchers studying cocitation clusters, they also found that chemistry connects the
physical and life sciences.

Most studies of similarities among fields have been based on a greater range of
fields and have found that three dimensions are required to represent them spatially.>®
The three dimensions are a “hard-soft” dimension, which has been interpreted as
corresponding to variation in consensus across fields,>° a “life system-nonlife system”
dimension, and a “pure-applied” dimension. The vertical dimension of Fig. 1 appears
to correspond to the hard-soft distinction, and the horizontal dimension to the life-
nonlife system distinction. The lack of a pure-applied dimension in Fig. 1 is somewhat
surprising since the pres=nt study includes fields that loaded on the applied end of
this dimension in the previous studies: computer science, engineering disciplines, and
agricultural sciences. Apparently scholars’ migration patterns are affected more by
cognitive similarities among fields, as these are reflected by the two dimensions of
Fig. 1, than by whether a field is oriented primarily toward the application of know-
ledge. »

If cognitive similarities are the basis of the arrangement of fields in Fig. 1, it
seems inappropriate to identify its vertical dimension as consisting of variation in
consensus across fields. A more parsimonicus interpretation is that fields in the
upper section tend to study physical and chemical phenomena while those in the
lower section tend to study social, psychological and cultural phenomena. This
interpretation is more parsimonious because it employs one principle, cognitive
similarity, to account for the dispersion of fields in Fig. 1 rather than two, as the
studies cited above suggest. Thus, rather than generating the vertical dispersion of
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fields in Fig. 1, variation in consensus is probably only roughly associated with the
patterns of intellectual commonality that do generate it.

Thus, it is apparent that the results in Fig. 1 are consistent with the argument
that scholars’ migration patterns are primarily affected by fields’ degrees of intellectual
proximity. The close correspondence between the migration pattems and the findings
of studies based on citation flow data is especially striking in this respect. This is
not to deny that employment and research opportunities play an important role in
scholarly migration; only that such opportunities themselves appear to be largely
dependent on intellectual proximity. Several of the fields portrayed in Fig. 1 are
highly aggregated groupings of disciplines, however, so a more fine-grained analysis of
them is in order. In the following sections, I present such analyses for (1) the
behavioral sciences, arts and humanities sector in Fig. 1, and (2) the life sciences
sector.

Relations among the social sciences and humanities

The MDS analysis results for the behavioral sciences and humanities suggested that
these fields can also be adequately represented in two dimensions,®' and identified
three extreme groups of fields: the first consists of languages and literature and the
performing arts; the second of economics; and the third of psychology and sociology.
Figure 2 summarizes the results of the MDS analyses and shows the disproportionate
migration streams between these fields.”?
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Fig. 2. Migration streams among the behavioral sciences, arts and humanities. Migration stream
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The most notable feature of these results is the separation of the behavioral
sciences from the arts and humanities. A boundary apparently exists between these
two subgroups that is similar to, although somewhat weaker than, that in Fig. 1
between these fields as a group and the natural sciences. Disproportioinate migration
flows involving history and linguistics connect fields in the two subgroups; the former
linking political science and philosophy and the latter linking anthropology and
languages and literature. No marked hierarchical patterns are apparent within either
of the two subgroups in Fig. 2.

Figure 2 also indicates that there are disproportionate streams from the social
sciences and psychology to social statistics, an area identified by the OSEP that
should be considered a specialty rather than a discipline unto itself. These streams
are probably best interpreted as specialization engendered by increased emphasis on
quantitative techniques in the behavioral sciences.

Only Small’s study of cocitation clusters in the Social Science Citation Index is
available for comparison with the migration patterns shown above, though it
encompassed only the fields in the upper section of Fig. 2.3% Small found that these
cocitation clusters were arrayed along an individual versus group behavior dimension.
The ordering of the fields in the upper section of Fig. 2 is consistent with that
finding.®* The studies of similarities among disciplines®* identify a life system-
nonlife system dimension that resembles to the distinction between individual and
group behavior in Small’s study. Economics, English, German and Russian exemplify
fields classified as focusing on nonlife systems; fields at the life- system pole include
psychology, sociology, and political science and anthropology. It should be noted
that the MDS analyses (see Fig. 2) placed. the languages and literature group slightly
closer to economics than psychology, and this is consistent with Biglan’s classification
of English, German and Russian as nonlife system fields. On the other hand,
Biglar’s study placed political science much closer to psychology than to economics,
whereas the migration streams show the opposite result, and Biglan’s study placed
history” and philosophy in the middle of the life system-nonlife system dimension
whereas the migration patterns suggest they should be placed toward the latter end
of this dimension.’® Compared to the overall similarity between the two sets of
results, however, these are fairly small differences that may be due to sampling
variation and differences in field coverage. In general, the results in Fig. 2 are
consistent with those of the previous studies of relations among these disciplines.

Relations among the life sciences

The MDS analyses of the migration streams among the life sciences suggested that
they can be represented in two dimensions. The analyses identified three groups of
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fields that occrpy extreme positions the the two dimensional space: the first consists
of such fields as agronomy, horticulture and forestry; the second consists of such
fields as ecology, fish and wildlife sciences, and entomology; and the third of
medicine and surgery, pathology and veternary medicine.®” Figure 3 depicts the
general results of these analyses and shows the major disproportionate migration
streams between the fields in the life sciences.
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The first of the two dimensions in Fig. 3 distinguishes plant sciences from animal
sciences, and is represented by horizontal dispersion. The second dimension appears
to distinguish medical sciences from other animal sciences, and is represented by
vertical dispersion on the right side of the figure. Centrally placed and about
equidistant from the fields at the corners of the triangular arrangement are fields such
as bacteriology and microbiology, molecular biology, and biochemistry. These fields
are in the “experimental biology” category in Fig. 1, and as indicated in that figure,
connect the life sciences to chemistry. Biochemistry is especially important in this
respect because it is the primary field in both flows between chemistry and experi-
mental biology.?®

The greater coverage of fields in this study makes it difficult to compare the
results in Fig. 3 with other work on the structure of these fields. Narin, for example,
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studied citation flows among “biomedical” journals that represent fields in the
“medical sciences” and “experimental biology” groups in Fig. 1 and the fields in the
lower central and right-hand sections of Fig. 3.>® Using a technique for measuring the
relative influence of journals in various fields, he found that biochemistry and
physiology seem to besfundamental source fields for this subgroup of disciplines,

and that the other fields could be arrayed in terms of whether they tended to cite
either biochemical or physiological journals. He then constructed a two-dimensional
representation of these fields where relative influence was one dimension and the
biochemistry-physiology distinction was the second, and showed, for example, that
veterinary medicine and surgery are less influential fields on the physiology end of
the biochemistry-physiology dimension and that genetics and microbiology are less
influential fields on the biochemistry end. The results for fields in the central and
lower right sections of Fig. 3 are consistent with Narin’s results for the biochemistry-
physiology dimension in his analysis, but the analysis of migration patterns did not
produce a dimension corresponding to Marin’s measure of relative influence. This may
be due to the fact that Narin’s technique for measuring relative influence forces a
hierarchical ordering of fields even in cases where such an ordering is weak, or it

may result from the broader coverage of life science fields in this study.

Cocitation analyses of life science papers tend to yield a single macrocluster
containing many subfields. Procedures to break up this macrocluster yield a large
number of quite specific research areas.*® Thus, the results from cocitation studies
seem to pertain to levels of aggregation either much grosser or finer than that
summarized in Fig. 3.

Finally, although studies of disciplinary similarities classify all of the fields in
Fig. 3 as “life system, hard science” fields, one might expect them to vary on the
“pure-applied” dimension those studies reveal. For example, Biglar identified
horticulture and agronomy as loading on the applied end of this dimension. In Fig. 3,
however, this dimension does not seem to be present, and the spatial dispersion of
fields again appears to be easily explained in terms of intellectual commonalities.
Biglan did not study many life science fields, however, and including such fields as
ecology, fish and wildlife, and veterinary medicine might have yielded a different
picture of variation within this group of fields.

Intradisciplinary relations among specialties

Thus far my analyses of migration patterns have concentrated on disciplines and
groups of disciplines. At this level migration patterns tend to conform to the findings
from other procedures for studying the structure of scientific fields. The OSEP survey
also contains information about migration patterns among specialties within four
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disciplines—chemistry, physics, mathematics and psychology—and it is therefore
possible to study what general conclusions can be drawn about intradisciplinary
migration. I used the above procedures to construct graphs of the migration streams
within each of the four disciplines (see Figs 4 through 7). Although space limitations
prohibit discussing each of these graphs in detail, a few general comments about them
are pertinent.
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Since studies of citation flows or field similarities among specialties in these
disciplines for comparison with my results are rare, I interviewed small numbers of
researchers in each discipline about such questions as the adequacy of the list of
specialties used by the OSEP survey, and their assessment of the general validity of
the graphs derived from the analyses of the migration patterns.

The major migration streams among chemistry specialties shown in Fig. 4 suggest
that these specialties can be arrayed along a physical-organic dimension.*' This is, of
course, consistent with chemistry’s position in Fig. 1 as an intermediary between the
physical and life sciences. Among the specialties on the left side of the figure,
physical chemistry appears to be a dominant specialty because it is the origin of
nearly all of the disproportionate migration streams between them. Organic chemistry
plays a similar role among the specialties on the right side of the figure, although its
dominance among those fields is weaker than physical chemistry’s dominance among
the fields on the left. These results are consistent with results of an analysis of journal
citation flows withion chemistry reported by Pinski.®? Although he did not use
exactly the same specialty categories as those in Fig. 4, Pinski found that chemistry
specialties are arrayed along a dimension from physical chemistry to biochemistry,
and that physical chemistry was the most influential among all of the chemistry
specialties. In contrast, however, Pinski’s analysis did not show organic chemistry to
have an especially high level of influence among the fields on the biochemistry end
of the dimension.

Figure 5 shows a similar structure for physics. Once again, the specialties exhibit
a bipolar structure with elementary particle physics and nuclear structure at one end
and solid state physics, acoustics and optics at the other end. Elementary particles
appears to be a dominant specialty among those on the left side of the figure. My
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informants noted that the specialties on the right side of Fig. 5 tend to have more
immediate applications to engineering problems than those on the left, but were often
hesitant to interpret the horizontal dimension as consisting of a pure versus applied
dimension. For example, several noted that the specialties on the left side of the
figure typically deal with higher energy levels than those on the right.

Figure 6 reveals a somewhat different structure for mathematics specialties. Here
specialties are arrayed along a dimension that informants interpreted as a pure versus
applied dimension, but none of the specialties appear to be dominant over the others.
According to my informants, boundaries between specialties in mathematics are often
quite indistinct. Research can be classified as either algebra or combinatorics, for
example, depending on how the researcher chooses to phrase a particular research
question.*® Thus, the lack of dominant specialties within the field may result from
the often highly permeable boundaries between specialties.

Finally, Fig. 7 shows the major migration streams among specialties in psychology.
These are grouped into two distinct clusters, with physiological, experimental and
comparative psychology forming one and everything else except psychometrics
forming the other. My informants usually identified this as a “hard-soft”” dimension,**
although some also noted that the specialties on the right side of the figure often
emphasize the application of knowledge. Although physiological psychology appears
to dominate over experimental and comparative psychology, no hierarchy is apparent
among the specialties on the right side of the figure.

As noted above, my informants could readily interpret the horizontal dispersion
of specialties in their respective disciplines as represented in Figs 4—7. In contrast,
few thought the vertical dimensions of those figures were interpretable, even though
the MDS analyses in each case indicated that two-dimensional representations of the
migration patterns are a significant improvement over one-dimensional ones.

Conclusions

These analyses of scholars’ patterns migration yield information both about
methods of analyzing the structural relations among scholarly fields and about the
nature of those relations in the U.S. in recent times. With regard to the first issue,
the results confirm that when techniques for controlling the effects of field size are
employed, one may use data on scholars’ migration to study relations among
scholarly fields. This is evidenced by both the consistency of results for inter-
disciplinary migration with previously published results based on citation-flow data
and field similarities, and the interpretability of results for intradisciplinary migration.

The fields examined above are relatively large and stable, and migration data are
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probably less suitable for studying relations between smaller and less institution-
analyzed fields of scholarship, or shorter time spans. In these cases the number of
scholars who move between areas is likely to be too small to yield reliable data for
determining migration patterns. For example, migration streams between major
specialties in physics between 1968 and 1971 consisted of between only one and
thirty scholars.*® In general, analyses based on citation-flow data, such as cocitations,
seem more suited to studying relations among small research areas over short time
spans, and they have the added advantage of providing a more dynamic picture of
the development of such areas through time.*® As I pointed out above, however, this
greater temporal and cognitive specificity makes it more difficult to portray relations
among the broad range of larger institutionalized fields of scholarship. Citation-flow
data and migration data are thus complementary in that they are suited to analyses
on different levels of scientific activity.

The migration patterns shown above suggest that the primary force shaping
relations among scholarly disciplines is that of cognitive commonality—the degree
to which fields are concerned with similar topics and investigate them with similar
concepts and methods. In contrast to results from studies of field similarities on
various characteristics, differences on a pure-applied dimension do not appear to
affect interdisciplinary migration patterns. Field relations previously interpreted as
reflecting variation in consensus are reflected by the migration patterns, but in the
present case at least, seem better interpreted in terms of cognitive commonality.
Thus, rather than reflecting a number of distinct aspects of scholarly activity, migra-
tion patterns are sensitive primarily to a single kind of relation among disciplines.

The migration patterns also suggest that there are two significant structural
boundaries among the wide range of fields included in this analysis. The first separates
mathematics and the natural sciences from the behavioral sciences, arts and humanities.
The second is less prominent, and separates the behavioral sciences from the drts
and humanities. Migration across these boundaries is less likely than migration among
the fields that the boundaries separate, and the three groups of fields therefore
appear to constitute three general communities of intellectual activity.

Finally, the migration patterns do not show a clear hierarchy among the disciplines
I studied. Many disproportionate flows of scholars are reciprocated, and those that
are not do not form transitive chains as one would expect if even partial hierarchies
were present. In contrast, hierarchical patterns are more common when one examines
migration among specialties within disciplines; three of the four fields examined
above show some degree of hierarchy among their specialties. Hagstrom’s discussion
of hierarchical relations among fields®” suggests a possible reason for this. He argues
that disciplines with single unified theories, such as physics, are more likely than
fields without such theories to display hierarchies of subfields because the theory
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makes it possible to order subfields as more or less “fundamental”. The absence of
hierarchical patterns among disciplines may be due to the absence of an overarching
theoretical framework to integrate the activities of the various disciplines. In contrast,
individual disciplines are more likely to possess such theories and are therefore more
likely to exhibit hierarchies among their constituent specialties. Psychology is an
interesting case in this regard because it shows a hierarchy only among the specialties
on the “hard” end of its hard-soft dimension. Thus, a degree of theoretical consensus
may be a precondition for the development of hierarchical patterns among scholarly
fields.

The valuable comments and advice from Thomas Gieryn, Barbara Reskin, and Henry Small
are gratefully acknowledged.
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