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Cluster analysis has been used by many as a tool for identifying
relatively small numbers of categories which represent the salient
contrasts within bodies of data. One method which has received
widespread use among sociologists in general, and sociomet-
rists in particular, is CONCOR. This paper presents a non-hierar-
chical extension of the CONCOR algorithm and demonstrates
the advantages of this extension with three exemplary bodies
of data. One of the bodies of data is then used as a vehicle for
expanding on the information which is customarily derived from
cluster, or blockmodel, analyses. Specifically, a means by which
the results of blockmodeling may be translated into a regression
model is described and demonstrated using these network data.

One of the fundamental concerns of researchers in sociology
specifically, and all sciences in general, is how to distill into the
most parsimonious package possible the maximum information
available in a body of data. To this end, blockmodeling and
assorted clustering techniques have been used in condensing the
contrasts or similarities among members of larger collectives into
their smaller salient components (clusters). Applied to social
network data, blockmodeling efforts such as those of Breiger
et al. (1975), White et al. (1976), Boorman and White (1976),
Arabie et al. (1978), and Snyder and Kick (1979) represent useful
empirical examples which identify relatively homogenous sub-
groups, cliques, or global structural positions.

The algorithm on which the above clustering efforts, as well
as others, have been based is referred to by the acronym CONCOR.
CONCOR provides a means by which the similarity among cases
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within a larger collective may be used to successively divide that
collective into smaller elements which reflect some presumed
group structure. As a divisive hierarchical method, however,
CONCOR is unable to subsequently reassign members of clusters
without creating new clusters. This is not a major shortcoming
when applied to smaller data sets and it may be managed, in part,
by creating progressively more clusters which provide finer distinc-
tions. It more severely misrepresents the categoric distinctions,
however, among larger bodies of data. Paradoxically, it is among
these larger data bases that a clustering algorithm can be most
usefully applied.

This paper provides an extension and refinement of CON-
COR’s basic criterion for defining blocks of like units within
larger aggregations. The method (referred to here as RECOR)
non-hierarchically elevates the empirical similarity of units within
clusters. With a prescribed starting point, RECOR successively
relocates units with others with which they are more similar. It
ultimately, then, offers a solution where all data points are
grouped with those with whom they are more similar. Given the
constraint imposed by the predetermined starting number of
clusters, RECOR offers, of course, locally maximal similarity
within clusters.

This reclustering method is first statistically compared with
CONCOR and then applied to three bodies of data: Sampson’s
(1969) Monastery data; Homan’s (1950) Bank-Wiring Room data;
and Snyder and Kick’s (1979) World Structure Data. In each
case RECOR provides an increment in the average similarity of
‘units within clusters (measured by a Pearson product-moment
correlation) and the extent to which a “lean fit” to the data is
achieved (see Breiger et al. [1975:333] for a discussion of “lean
fit”). Additionally, following Snyder and Kick’s (1979) appli-
cation of CONCOR results to an analysis of covariance frame-
work, this paper presents an extension of clustering results to
regression models which account for both positions and linkages.
These regression models have been referred to as models of
“structural relations” (Steiber, 1980). Implications for block-
modeling in particular and social network analysis in general are

also offered.
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THE ALGORITHMS: CONCOR AND RECOR

The means by which CONCOR arrives at clusters which
contain elements similar to one another is relatively straight-
forward. Only a very general description is offered here, as there
are extensive technical discussions elsewhere in the literature
(e.g., Breiger et al., 1975; Arabie et al., 1978; among others).
Computing the Pearson product-moment correlations among all
combinations of column vectors of stacked data matrices yields
an n x n similarity matrix of each case with the remaining n-1
cases which provides a starting point for CONCOR. Through
successive iterations, the division which distinguishes two elements
of a larger whole above a prescribed level of correlation is derived.
The underlying assumption in generating blockmodels in this
manner is that if one identifies clusters of cases which are most
consistent (correlated) with one another, then one has a very
close approximation of the group structure in the network. This
consistency criterion is a surrogate for the “connectivity”” which
has been the focus of early sociometrists (Arabie et al., 1978:37).

Figure 1. Representation of Hypothetical Clustering of CONCOR
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For heuristic purposes, the hierarchical tree presented in
Figure 1 offers some insight into clusters (blocks) which may be
identified with CONCOR. At the first stage of this hypothetical
clustering, the total population of units is divided into two com-
ponents (not necessarily of equal size) which contain elements
most like others within their clusters. At stage two, the algorithm
(CONCOR) is reapplied to each of the two initial clusters (a
decision of the analyst) to give two additional divisions, or four
total clusters. At this point, the components of B are more like
their fellow members than those of By or vice versa. Similarly,
the components of B3 are more like the others in their cluster
than they are those of B4 and the contrary is true as well.

Finally, at stage three, By is further subdivided into more
homogenous groupings referred to here as C1 and Cj. At this last
phase of the example, then (again a decision of the analyst),
there are potentially five unique clusters: By, By, B3, Cq, and
Cy. The algorithm, CONCOR, however, does not insure that
members of all these clusters are, in fact, more similar to their
assigned clusters than any other clusters in the population. All
units of By, for example, are not necessarily more like their
cluster members than either members of By or Cq or Cy or similar -
combinations across branchings. And this is a major shortcoming
of CONCOR as a clustering algorithm. There is no basis for con-
trasting the elements of clusters across branches of the hierarchi-
cal tree at preceding, successive, or even concommitant divisions
in the process.

A non-hierarchical approach to blockmodeling, on the other
hand, offers the advantage that whatever criterion is used to
identify . the similarity within clusters, that similarity will be
locally maximized on convergence. RECOR, as it is applied to
the data here, elevates the intercorrelation of a given data unit
with members of the cluster to which it is ultimately assigned.
The method may employ a computer program which processes
the data iteratively, or in the case of smaller data sets, the compu-

tations can be performed manually using as a starting point the

similarity matrix of all data points with all others.

At the first stage of the non-hierarchical process a lower |
triangular similarity matrix (here, a correlation matrix, R) is -

computed among all cases:
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rnl rn2 rn3 . . . rn(n_l).

The Pearson product-moment correlation is used in this discussion
of RECOR, partly in keeping with the precedent set by CONCOR
It also offers a more versatile approach with application to more
than the binary data used as examples below.
o In the second stage of the algorithm, cases are arranged into
initial clusters. The clusters may be arbitrarily identified by the
a.nalyst or they may be, as is the case with our examples, identi-
fied by previous applications of CONCOR. In the case of the
former, the analyst is at liberty to create any number and size
of c}l)usters; in the latter, the analyst simple specifies when a
zt;:lnb;rcoof I\(J:(l;g;arls with the desired degree of fineness are identi-
In the third stage of the algorithm’s application, an asym-
metrice matrix, S, of the average values of all correlations for
elements of each cluster (block) with each case are computed:?

$11 s12 s13- . . 51

521 .
S = 531

Si1 $i2 i3 - .8

on the basis of this similarity matrix, data points are moved to
clusters with whose units they bear more similarity, on average
than the. units of the clusters of their origins. After all indic;tag;ad,
changes in cluster memberships have been effected, an iteration is
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completed. Clusters are subsequently reidentified to 'reﬂect
additions to, or deletions from, their ranks. The matrix is then
recomputed, and another iteration is begutln. Wl:len therfa are no
further membership changes, convergence 18 attained. In instances
where they are few cases, convergence can be reached in a few
iterations or less of RECOR (n 20); wh'ere one encounters
appreciably larger samples (n 100), substantially more iterations
are necessary.

Sampson’s (1969 ) Monastery Data

Beginning with a social network of 18 individuals, <'1ata on
positively and negatively affective relations among a cloister of
monks described by Sampson (1969) are analyzed: These fiata
reflect the sociometric evaluations of 18 monks in a clom.ter
undergoing a great deal of turmoil during a twelve month period
during which Sampson maintained detailed reco%'ds of four types
of social ties among members. These data have since beefl statisti-
cally clustered using the CONCOR algorithm by White et al.
(1976) and also by Breiger et al. (1975) using a reduced body of
data. These latter data are reanalyzed here. . |

Applying CONCOR to the Sampson 'data, Breiger et al.
(1975) identified, through repeated application of the algor%thm,
a three-block model which seemed to offer the substantively-
salient contrasts in the social network. Using Sampson’s own
labels of cliques within the monastery, the ﬁrst.b‘loclf %solated
by Breiger et al., was designated the Loyal Opposition joined by
three individuals earlier labeled as “waverers.” Those. of the
I:.dj/‘all‘.(’)pgdéi‘ti'on were seen as maintaining the status quo of the

monastic order in spite of some differences of opinion. The

second major cluster was termed by Sampson, the Young Turks,
and these are wholly and exclusively found in the second cluster
of Breiger’s blockmodel. The Young Turks were those who were
in constant conflict over monastery policy with bot.h the Loyal
Opposition and the senior monks (not represented in the data).
Finally, the last class of individuals is called the Outcasts. These
individuals Sampson characterized as not only withdrawn from
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the mainstream of the monastery, but also receiving negative
affective evaluations from the others of the cloister.

Table 1. Block Membership, Reclustered Sampson Data

Block Monks
1 Monk 4, Monk 5, Monk 6, Monk 8, Monk 9, Monk 10, Monk 11 (N =7)
I Monk 1, Monk 2, Monk 12, Monk 14, Monk 15 (N = 5)
1 Monk 3, Monk 7, Monk 13, Monk 16, Monk 17, Monk 18 (N = 6)

(Total N=18)

Reclustering the monastery data offers convergence after a
single iteration of RECOR. This has the effect of removing one
individual from the Loyal Opposition and two from the Young
Turks and placing all three in the Outcasts groups (the reclustered
memberships may be found in Table 1). The former member of
the Loyal Opposition was one of the “interstitial members” of
the cloister first identified by Sampson, thereby relegating him to
a conceivably ambiguous position. The change in this individual’s
membership is in keeping with Sampson’s original analysis as well
as the other clustering efforts using the full data set (White et al.
1976:753). The change in the cluster assignment of monks 7 and
16 is also in keeping with actual events as they were recorded by
Sampson. After the expulsion of four monks from the monastery
for their “problems” with the senior staff, these two left of their
own wolition within a week (Sampson, 1969:373ff).

Figure 2. Block Densities and Binary Images, Reclustered
Sampson Monastery Data™”
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Empirically, the reclustering of the monastery data also = > wooo
. . ' . . - - O o
offers an improvement in the “leanness” of the fit of the original S :
blockmodel configuration (Breiger et al., 1975:355). Though the a
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number of zeroblocks (a “lean fit” criterion) in any permutation . S 2899 ;
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each individual vector with those of others of his own cluster : I ccecd PHeS
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or other data sets in this analysis. i = =1 SRS
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cliques (Homans, 1975:70ff). Subsequent quantitative analysis ki
by Breiger et al. (1975) found two, four, and nine blocks of A 2 3883 e
individuals within the social network of the Wiring Room. Though g _ =
the nine-block model offers finer distinctions more sensitive to 8 5 2888 °°o~23
the subtle associational differences in the Wiring Room, the - g cooo !
four-block model more closely preserves Homans’ original inter- a 5 =~ ococo . g 2 8R33 .
pretation. Indeed, the four-block model provides the basis for € 3 2299 °eeean
Breiger’s discussion. The average correlation between the vector A - “ooo g 5 9299 omrmo )
describing each individual and the actors with whom he is o -~ R883 = g c "
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clustered in the four-block model is .377. A non-hierarchical k 5 2 erers
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tions of individual vectors with members of blocks or the total -~ 2828 2
zeroblocks afforded by the clustering of the data.
After two iteration of RECOR, the average correlation on
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convergence between each individual vector and the others of the 3 S e
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respective clusters is increased (r = .401), rep.resen.ting a factor
increment of 1.06. The number of zeroblocks in this reclustered
model is also augmented by this application of RECOR. Whereas
the original number of zeroblocks in the Breiger et al. (19?5:346)
model is 37, the number associated with this reclustering is 45,a
factor increase of 1.22 (see Figure 3). .
Empirical considerations, though supportive of the efficiency
of a method, do not provide the only basis for the .prefert'ance of
one algorithm over another. In a more substantive vein, th.e
results using RECOR are in closer accord with the patterns ori-
ginally generalized from the Bank-Wiring Room by Homans. The
source of the difference between the earlier clustering effort of
Breiger et al. (1975) and this present effort is in t'h.e assignment
of “hangers-on.” Specifically, Homans first identified men W5,
S2, and 13 as non-participants with either of the two larger chq}les
(W1 through I1 or W7 through S4); rather, they were outliers

(“hangers-on”’).
Table 2. Block Memberships, Reclustered Homans Data

Block Workers
1 Wireman 1, Wireman 3, Wireman 4, Solderman 1, Inspector 1 (N=35)
iI Wireman 2, Wireman 5 (N = 2)
111 Solderman 2, Inspector 3 (N = 2)
v Wireman 6, Wireman 7, Wireman 8, Wireman 9, Solderman 4 (N =5)

(Total N = 14)

In neither of the earlier CONCOR assignment nor in this

.re.clustering were the ‘‘hangers-on” clustered with one another in
a single unique clique. There were, however, assigned to two

cliques of “hangers-on” by RECOR as displayed in Table 2; 13

and S2 were associated in one distinct clique and W5 was linked
with individual W2 in another. This latter individual, W2, was
earlier identified by Homans (1950:70) as entering “little into
conversation with” the first clique and “had little to do \fv1th
it"—an outlier. As outliers, both individuals 13 and S2 are joined
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in a single unique block. Finally, the reassignment of W6 to the
second large clique from his CONCOR assignment represents an
empirical clarification of an ambiguous role. Indeed, Homans
(1950:70) stated that W6 was “in many ways an outsider” to the
second larger clique, but that his membership did appear to lie
with that group more than any other. This is borne out here at
least empirically.

Snyder and Kick’s (1979) World Structure Data

As the above examples suggest, the degree to which a non-
hierarchical clustering algorithm will offer different blockings
than those of a hierarchical method is a function of both the
number of variables available for each case and the total number
of cases. For instance, only one iteration was necessary for con-
vergence with 18 cases and two variables (Sampson’s Monastery
data), but two iterations were required before reaching conver-
gence on a four variable, 14 case data base (Homans’ Bank Wiring
Room data). When either of these two parameters is substantially
increased, one can expect that the number of iterations necessary
before achieving convergence will be increased. (though no precise
function can be identified).

Using data reported by Snyder and Kick (1979) on the
social, political, and economic interrelations among a sample of
nations, RECOR is applied to a 118 case, four variable data set.
In the original analysis, Snyder and Kick employed the CONCOR
algorithm with their preferred blocking offering ten clusters of
nations. These they identified as core nations (one block with
such members as Canada, the United States, the United King-
dom, etc.), semiperipheral nations (three blocks with such nations
as Ireland, the U.S.S.R., and Argentina as members), and peri-
pheral nations (the remaining six blocks with most of Africa,
Haiti, Mexico, and others). The four international ties used in the
data were those identified by trading flows, military interventions,
diplomats exchanged, and treaties binding nations.

The most general distinctions made across these tiers of a
world-system were between the core and the non-core. In terms of
the variables used in the analysis, for instance, the core was seen
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to maintain “trade linkages to and from every other block in the
system.” The peripheral blocks, on the other hand, were “with
minor exceptions integrated into the world economy only through
their trade with the core block” (Snyder and Kick, 1978:1114).
Additionally, the core block, though it “does not undertake
military interventions into all other blocks, it policies much of
the system.” The core “clearly dominates the sending of infor-
mation (diplomatic exchanges), but it does not receive diplomatic
bonds from any other blocks” (Snyder and Kick, 1979:1115).
Finally, though the core block maintains treaties with more
nations than any other block, most treaties appear to bind blocks
to their own membership or to other blocks geographically proxi-
mate to them.

In applying RECOR to the data, eleven iterations are re-
quired before there are no changes in block memberships of
nations. Moreover, the total number of blocks is reduced from the
original ten to nine.® Direct comparison of the average correla-
tions between individual vectors and clusters is denied by this
reduction in the total clusters. Standardizing on cluster number,
however, offers some basis for comparison. A simple formula
for this comparison is:

(F)/N
(/N

where F represents the factor increase in average r’s across block-
models, T; is the average of the correlations between individual
vectors and the members of the N; clusters, and f; is the average
Pearson correlation between individual vectors and the members
of the N: clusters. In the World Structure data, the f; (reclustered)
is .552 and the f; (CONCOR) is .531 with a factor difference of
1.16. Using an analogous formula to compare zeroblocks for
each blockmodel, the reclustered configuration offers 1.03 times
the zeroblocks of the blockmodel derived by Snyder and Kick
(1979).
Binary images for the nine-block model are presented in
Figure 4. Identifying the first block (row 1) as Core, the next
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Figure 4. Binary Images of Nine-Block Model, Reclustered, Snyder and Kick World Structure Data
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three rows (2, 3, and 4) as semi-peripheral, and the remaining
five rows as peripheral reveals much of the same relationships
as Snyder and Kick’s ten-block model. The relationships are
simply more consistent, as witnessed by the ‘leaner fit” in the
reclustered configurations.

Table 3. Block Memberships Reclustered, Snyder and Kick

Block Nations

I United States, Canada, United Kingdom, The Netherlands, Belgium,
Luxembourg, France, Switzerland, Spain, Portugal, Federal Republic of
Germany, Austria, Italy, Yugoslavia, Greece, Sweden, Norway, Denmark,
Turkey, Japan, India, Australia (N = 22)

I Dominican Republic, Mexico, El Salvador, Nicaragua, Costa Rica, Pan-
ama, Venezuela, Ecuador, Peru, Brazil, Chile, Argentina, Uruguay (N=13)

111 Cuba, Ireland, German Democratic Republic, Poland, Hungary, Czechos-
lovakia, Albania, Bulgaria, Romania, Soviet Union, Finland, Kenya,
Israel, People’s Republic of China, Pakistan (N = 15)

v Cyprus, South Africa, Iran, Taiwan, Republic of Korea, gurma, Sri
Lanka, Republic of Vietnam, Malaysia, Phillipines, Indonesia (N =11)

\Y% Haiti, Guatemala, Honduras, Colombia, Bolivia, Paraguay (N = 6)

VI Jamaica, Trinidad and Tobago, Malta, Iceland, Mali Republic, Mauri-

tania, Somalia, Mongolia, People’s Democratic Republic of Korea,
Nepal, Thailand, Cambodia, Laos, New Zealand (N = 14)

VII Afghanistan, Democratic Republic of Vietnam (N = 2)
VIII Iraq, Syria, Lebanon, Jordan, Saudi Arabia, Yemen, Kuwait (N=7)
1X Senegal, Dahomey, Niger, Ivory Coast, Guinea, Upper Volta, Sierra

Leonne, Ghana, Togo, Cameroon, Nigeria, Gabon, Central African

Pepublic, Chad, Democratic Republic of Congo, Zaire, Uganda, Burundi,

Rwanda, Ethiopia, Malagasy, Morocco, Algeria, Tunisia, Libya, Sudan,
United Arab Republic, Liberia (N = 28)

(Total N = 118)

For the most part, the clusters identified by RECOR give not
only empirically “leaner fits” but also conceptually “‘cleaner”
clusters. That is, they represent here more homogenous geo-
political units within a world-system (see Table 3). Block number
2, for instance, represents most of Latin America, block number 8
is a Middle Eastern cluster, and block number 9 is exclusively
African in its membership.
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In an empirical sense (and close to the theoretical one),
centrality is the underlying dimension which dictates cluster
memberships. Though not all nations of block number 1 may be
considered core power, per se, they all maximally represent
centrality within a world-system and have close ties to other
central nations. Where nations do not manifest such extensive ties,
there understandably exist regional concentrations of ties, and
hence the memberships of nearly all the peripheral clusters and
most of the semi-peripheral clusters. This centrality versus non-
centrality within a global network, while not precisely mirroring
the theoretical core/non-core distinction, can nonetheless prove
useful in modeling relations within a world-system.

In addition to the identification of binary images and clusters
of the international relations data, Snyder and Kick included an
extension of their analysis to multiple regression.® They found,
as theory had suggested, that over a period of time, core nations
grew more rapidly in GNP per capita than did non-core nations.
In short, there was a relative price to be paid for non-core status
and a relative benefit to be gained from core membership. Explicit
international flows were added to this analysis of variance model
with nominal insight into the means by which the relations in the
data contributed to differences in gains in GNP. Distinguishing
between the receiving and the launching of armed interventions
showed the one significant effect (launching) aside from block
membership. Sending nations manifested less economic growth,
on average, than non-sending nations.

FROM BLOCKMODELS TO REGRESSION MODELS

More than just a simple presentation of the relative benefits
and costs attached to specific structural positions in the world-
system has been offered by Snyder and Kick (1979). “They also
demonstrated the effects of specific transnational flows which
had served to define the structure of the system. Their models,
then, may be aptly described as models of ‘structure and re-
lations’ ”’ (Steiber, 1980a:14).

Using dummy-coded variables in an analysis of variance
framework, blockmodel structure was translated into a regression
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model of nine variables (plus controls). In subsequent presenta-
tions, the relational components could be seen in the incorpora-
tion of selected flows as ratio variables (Snyder and Kick, 1979:
1119). That only one of the three flows used manifested a signi-
ficant effect, however, suggests that (1) the flows selected were
not those of most importance in identifying position in the world
system, (2)the effects of relational ties were already largely
identified by structural variables, (via blockmodeling), or (3)
enough of the information from the original matrices of flows was
lost in this translation that no systematic effects could be de-
tected. Though thé first two may be inferred from the following
presentation, the last is more explicitly explored here.

Table 4. Regression Estimates for Changes in GNP/Capita
(1960-1970) for Blockmodels

Partial Regression Coefficients (Sandard Errors)

Independent Variables Ten-Block Model Nine-Block Model ~Three-Block Model?

GNP/Capita (1960)° -.065 (.049) -.053 (.048) -.060 (.048)

Secondary School

Enrollment Ratio (1960)¢  6.23 (1.67)** 6.40 (1.62)** 6.28 (1.64)**

Block I -397.2 (127.6)** -427.7 (115.5)** -361.7 (95.1)**
Block 11 -463.7 (128.8)** -182.7 (108.0) -425.3 (103.0)**
Block III -509.4 (151.5)** -471.1 (120.5)**

Block IV -340.7 (113.4)** -434.8 (151.3)**

Block V -527.2 (127.2)** -367.8 (117.6)**

Block VI -516.0 (141.6)** -414.4 (305.0)

Block VII -459.7 (141.2)** -671.8 (136.0)**

Block VIII -360.0 (114.6)** 360.4 (114.3)**

Block IX -731.2 (147.7)**

Regression. Constant. 482.9 416.0 434.4
Rr? 541 535 470

(N = 114 Nations)

** Significant beyond .01.

2 In the Three-Block Model Block I is a dummy-code for the contrast between semi-
nations and all others, and Block II represents the distinction between peripheral
nations and all others.

b Information on Gross National Product per capita is derived from I.B.R.D. (1972).

€ Information on secondary school enrollment is derived from U.N.E.S.C.O. (1968).
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Of general theoretical importance in Snyder and Kick’s
analysis was not the distinctions across all categories of a ten-
block model (or here a nine-block model) or even a basic core
versus non-core dichotomy. There was an explicit concern for
the possible distinctions to be made across the three tiers of a
global hierachy: core, semi-periphery, and periphery. In Table 4,
three regression models which highlight these distinctions are
presented. In the first column of the table are the regression co-
efficients associated with the ten-block model originally identi-
fied by Snyder and Kick (1979). The general patterns found in
the early report were obtained by using the data here as well:
all non-core nations increase their GNP per capita, on average,
less than core nations during the ten year interval. There are some
minor departures from the precise regression estimates derived
by Snyder and Kick, but these in all probability owe to the use
of unadjusted secondary school enrollment ratios (versus popu-
lation adjusted ratios) and the larger number of nations for whom
data are available (114 here versus 105).

In the second column of coefficients are the regression
estimates associated with the nine-block model identified by
RECOR. With one degree of freedom difference between the
two models, there is no significant difference between the respec-
tive variances explained between the ten- and nine-block models
(F=1.35, d.f.=1, 102). Finally, moving to the farthest right
column of the table, the distinctions among core, semi-periphery,
and periphery do not capture significantly less of the explained
variance than the Snyder and Kick ten-block model (F = 2.25,
d.f.=7,102). S O

Each of the models in Table 4 describe only the structure
of the world-system. Even Snyder and Kick’s models included,
at best, structure and relations. What is present in blockmodels,
but heretofore lost in most regression models, is a means for
representing structure, relations, and structural relations.

Structural relations may be identified by “categoric vari-
ables which effectively identify the origins of flows or process,”
and “...include also in specific variables the destinations and
types of flows” as well as potential interactions among additive
effects (Steiber, 1980a:15). In the present context, a model of
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structural relations should identify the nature of specific ties
(e.g., treaties, trade, diplomats exhanged) as well as the points of
origin and destination of those ties. In addition, since aggregate
wealth of nations (measured by GNP/capita) is of central concern
here, the relative advantage that such wealth may differentially
offer nations with different ties is included. Indeed, Gobalet and
Diamond (1979) have demonstrated that there is an interaction
between domestic wealth and the mechanisms of a world-system.

A range of models may be identified from this discussion
which may be hierarchically ordered and from which testable
models can be derived. The most basic model would be simply
one of structure, followed hierarchically by models of structure
and relations, and finally by models of structural relations. The
first model used in this example, then, is the three-block model
reported in Table 4 (here, termed Model A). Hierarchically, one
may then include, as a block of variables, the additive effects
associated with flows or ties of interest (here, termed Model B).
Taking a simple case such as treaty agreements, this would be
merely the number of treaties existing between each nation and
those which may be identified as core, semi-peripheral, and peri-
pheral (three variables). Where the ties are not symmetric as they
are with treaties (e.g., military interventions), the number of
variables necessary to identify the additive effects of the flows
increases twofold. Next, hierarchically, there are two competing
models representing the differential advantages owing to the
interactions either between initial level of GNP and treaty agree-
ments as a block of variables (Model C) or between structural
_positions and treaty agreements as a block of variables (Model
D). Model D allows for non-additive distinctions across levels of
the world heirarchy among treaty ties. Finally, both may be
considered conjointly in a single equation along with the additive
effects (Model E).”

That model (Model C) over which no other regression models
significantly increase the value of the R% and which significantly
increase the R2 over any model hierarchically simpler (see lower
panel of Table 5) is presented in Table 5. The additive effects
associated with the structural and control variables are similar
to those of the three-block model with the exception of the
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Table 5. Regression Estimates for Changes in GNP/Capita
(1960-1970) for Accepted Treaty Model®

Independent Variables

Partial Regression

Coefficients (Standard Errors)

GNP/Capita (1960)

Secondary School
Enrollment Ratio (1960)

Semi-periphery

Periphery

Core Treaties

Semi-periphery Treaties
Periphery Treaties

Core Treaties X GNP
Semi-Periphery Treaties X GNP
Peripheral Treaties X GNP

.235 (.060)**

3.710 (1.348)**

-201.28 (90.18)*
-276.55 (94.59)**
-8.873 (12.297)
.829 (8.052)
10.281 (2.632)**
.006 (.007)
.023 (.007)**
-.044 (.005)**
183.71

R%grcssion Constant
R 715
(N = 114 Nations)

* Significant beyond .05.
** Significant beyond .01.

a. Foa(df) = 14176, 103)
Fg_g’ df) = 29.03(3, 103)
Fooa(@£) = 119 (12, 97)
F%g_f,,‘)) d£) = 149 (9,97)
Feo @f) = 085 (9, 94)

initial level of GNP per capita. In Model C, initial Gross National
Product has a significant positive effect on change in GNP per
capita during the period covered by the data. Interpreted, those
nations which possess greater economic wherewithal at a given
starting point fare better, on average, over a subsequent period.

One other main effect, that describing the number of treaties
between a nation and all peripheral nations (Periphery Treaties),
is significant and positive. This effect, however, is more accurately
discussed with reference to the interaction associated with the
joint effect of GNP level and peripheral treaties (Stolzenberg,
1979). Considering, then, the two effects conjointly, one may say
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that some nations of the sample are not in a position to take the
fullest economic advantage of their political and economic link-
ages (treaties). Specifically, nations entering into a treaty with
peripheral nations tend to gain less economically if they already
enjoy a relatively high level of Gross National Product. A nation
with relatively greater economic assets will probably be more
likely to engender financial obligations from a treaty with a peri-
pheral nation than one without such assets. Additionally, a re-
latively more affluent nation may also be a likely candidate to
supply military or economic aid to a less powerful nation with
whom it is bound by treaty. The more such treaties that exist
for these nations with relatively higher starting GNP per capita,
the more will the nation’s economic growth be deleteriously
affected. Such would have been the position of the United States
or other core powers in the late 1960s as well as more recent
years. :
Though a second interaction term manifests a significant
coefficient, its interpretation is ill-advised given the absence of
significant main effects associated with both its components.
It is more likely that there is no “real” relationship described here,
but rather a single outlier or a small number of outliers which
have been captured by this interaction.

Though this single example is provided here, the generality
of this mode of presenting the results of cluster analyses in a more
conventional form (i.e., regression models) may be appreciated.
The same exercise could be pursued with the Snyder and Kick
(1979) data using other transnational flows incorporated by
those analysts. The -matrix. of -international trade relations, for

instance, translated into regression models via blockmodels has’

been demonstrated elsewhere. There, different costs and benefits
accruing to trade in even similar commodities, but between
different levels of the global hierarchy, were demonstrated
(Steiber, 1980b). Moreover, all transnational or other flows could
be introduced into a model simultaneously, though it is likely that
the relative payoffs in substantive insights gained would be out-
weighed by the costs inhering in such a cumbersome presenta-
tion. Indeed, in problems where one has very few degrees of
freedom initially, discretion in the selection of ties or flows of
interest is most certainly advised.
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DISCUSSION AND IMPLICATIONS

The blockmodeling approach to presenting sociometric or
other relational data has done much to distill information on
large networks into more manageable and interpretable forms.
Clustering algorithms such as CONCOR have greatly facilitated
the initial blocking of such data in order that they might be pre-
sented in reduced matrices or blockmodels. It has been demon-
strated here, however, that while CONCOR offers generally use-
ful reductions in the number of categories necessary to capture
the salient contrasts across members of a data set, it falls short
of maximizing those contrasts: An alternative to CONCOR,
termed RECOR, was shown to improve the “leanness” of fit
among blocks within data sets and at the same time increase the
average similarity of units within the clusters to which they have
been assigned. These improvements in leanness and within-cluster
similarity by RECOR were demonstrated in each of the three
bodies of data presented.

In applications to more conventional “hypothesis testing,”
it was shown that blockmodeling results can easily be translated
into models of structure. More important from a substantive
perspective, however, are the means by which relations and
structural relations can be presented in regression models based
on blockmodels. Empirically, structural relation models for the
sample data were able to explain significantly more of the error
variance than simple models of structure and relations and offer
means by which such processual relations might create structure.
There is every indication that this would be the case with other
data sets as well. I o o

In the past, primary emphasis in blockmodeling has been on
the underlying structure in a body of data. The means by which

. structure traditionally has been detected, however, has been

through the processes or flows inherent in a relational network
or body of data. It is, then, not too surprising that analysis of
structure alone has offered substantial insight into the referents
of relational data. Using regression methods (e.g., Snyder and
Kick, 1979), structure has been been able to explain a large
share of the variance and identify the implications of ‘structure
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in conceptually-important dependent variables. The above; ex-
ample, however, demonstrates that even beyond that variance
which processually defined structure has been able to explain,
there remains a significant amount of variance uniquely described
by the processes in the data themselves.

Aside from offering a “better mousetrap” for nfatwork
analysts, the above is a suggestion for further, more rigorous
analyses of networks. There are certainly more sophisticated
means by which blockmodels may be translated into forms amen-
able to hypothesis testing. Space considerations, however, suggest
that these efforts be reserved for subsequent research. The limita-
tions to be imposed on the translation of social relations are not
limited by the data at the sociologist’s disposal, and the meth-
odological means available for extending these efforts are virtually
unlimited.

FOOTNOTES

1. It should be emphasized that the mindless application of a.clustéri.ng
algorithm to allow the data to “speak for themselves” is ill-advised.
No algorithm offers definitive answers to questions, per se, nor sh.o.uld
one be expected to provide such information. Conceptual and emgmcal
considerations should guide the researcher in the use of any algorithm.

2. Through the computation of this similarity matrix, RECOR follows
the same preliminary stages as Arabie’s (1977) and Shepard and
Arabie’s (1979) ADCLUS. Their search for overlapping group member-
ship, however, takes them in other directions beyond this point.

--3.-- Zersblocks referenced here are those whose block densities are actually
0.00. In binary images, however, zeroblocks are identified as those
whose block densities simply fall below the mean block density for the
permuted matrix.

4. Direct comparisons of the zeroblocks derived and the average cor-
relation of individual vectors with the clusters to which they are as-
signed is possible only when the number of clusters a reclustered
matrix and the original configuration are the same.
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5. A decrease in the number of clusters can be achieved when the mem-
bership of any given cluster is successively diminished by the closer
ties of its members with other clusters. Ultimately where there remain
only weak ties among members within such a cluster, all members may,
during the course of an iteration, manifest stronger similarities with
members of other blocks than with their own. This can, then, remove
all members from the cluster, thereby deleting the cluster.

6. Regression analysis and the mode of cluster analysis described in
these pages are both based on correlation matrices. The results re-
ported for the regression models of Snyder and Kick (1979) and
reported here, however, introduce into the regression analysis a con-
ceptually-advised dependent variable not included in the clustering
effort.

7.  Only two-way interactions are considered in this analysis. Higher order
interactions not only are extremely complicated to interpret, but they
also serve to create a virtually unmanageable number of variables and
the potential for severe multicollinearity.
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The objective set before us in this work is to explore the
direction which social science has taken in this century. We do
not intend to focus our attention on the nature and occurrence
of phenomena, for these empirical notations are important only
if one wants them to be. Furthermore, they are not relevant to
science. The goal here is to simply distinguish, using a few isolated
examples, between science and empiricism.

There seems to be remarkable confusion as to the distinc-
tion between science and empiricism. We must note that this
confusion is not new.

In ancient times there was no social science. What we call social
science was then called social philosophy or political philosophy
or ethics. Aristotle’s political and ethical philosophy, for ex-
ample, was the same as his social science. It was much latter,
with the success of Newtonian science, that social thinkers felt
that it was possible to create a modern social science similar to _ .
the modern natural sciences. This modern or positivistic social

science would have one basic characteristic, it was thought: it

would be scientific (Stern, p. 1).

It was thought, and believed, that this “scientific” approach
along with the statements derived thereof could introduce the
capability of interpersonal agreement. The worth of this notion is
sound, in that it is consistent with the function of science and
reflects an adequate goal of the social sciences. However, along
the path from social inquiry to social science, a reversal of the



