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a b s t r a c t
We examine mapping latent roles to reveal meaningful structures of social relations with a focus on
substance. Equivalence types are discussed in relation to data and the match (or not) between them. An
argument for considering row-regular blocks when studying sparse economic networks is provided. A
clear distinction is made between the concepts of inconsistencies and errors when assessing ﬁtted blockmodels. A case is made for examining the patterns of inconsistencies for discerning empirical block types.
Three empirical economic networks are considered. Two are rice trading networks in Vietnam with the
third being a network of foreign direct investments between countries. Attention is focused on formulating and testing three rival blockmodels for the rice trading networks. Established blockmodels have
clear substantive interpretations. The analysis of the investment network is more tentative but extends
the idea of examining inconsistencies to two-mode networks. Some implications for blockmodeling by
using substantive and empirical knowledge are discussed.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Blockmodeling1 is used to cluster actors into positions using a
conception of positional equivalence on the presumption of equivalent actors sharing equivalent social role behaviors (Lorrain and
White, 1971). Given an equivalence deﬁnition, the nodes of an
observed network are shrunk into positions and the network ties to
blocks capturing relations between and within positions. These are
mapped onto a simpler graph, called an image, capturing the fundamental structure of the network. Each deﬁnition of equivalence
elicits its own network reduction. The validation of blockmodel
results must be coupled to the equivalence used to show substantive coherence.
Structural equivalence (SE) was proposed ﬁrst to partition social
networks to discern role structures by identifying clusters of actors
with identical ties to and from alters (Lorrain and White, 1971).
Regular equivalence (REG) was introduced to shift the focus from
identical individual connections to a more general conception of
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roles (White and Reitz, 1983). Actors are regularly equivalent when
they have similar relations to and from equivalent types of other
actors.
Consider a network N(b, s, e) composed of a set of buyers, b, and
suppliers, s, linked by an exchange relation, e, on a commodity E. At
face value, this network could be ideally partitioned into two positions (clusters) of actors according to regular equivalence where
the buyers and suppliers separately ﬁll the two positions. Yet, this is
not the only possible conception of block types for clustering such
networks.
In this study we show that generalized equivalences including row-regular, column-regular, row-dominant and columndominant are useful when clustering empirical networks representing economic hierarchies. These new block types (Batagelj
et al., 1992b, 2004; Doreian et al., 2005) were deﬁned initially
without much consideration of speciﬁc empirical contexts but
some were crucial for analyzing the empirical networks considered
herein, especially row-regular blocks.
Given that each equivalence deﬁnition produces a speciﬁc
reduction of the data, we propose a validation of alternative results
based on a detailed analysis of blockmodel ‘errors’ which are
sometimes called inconsistencies. The location and the pattern
of inconsistencies within a blockmodel, we argue, provide valuable insights (i) to reﬁne the blockmodel and select a suitable
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equivalence given the data characteristics and inherent structure; (ii) to isolate the inconsistencies that do have a substantive
interpretation from those induced by a mis-speciﬁcation of the
blockmodel.
We consider two types of economic networks. One featured
rice commodity chains linking producers (farmers), intermediaries,
exporters and ﬁnal buyers in two communes of southern Vietnam
in 2006. The social relation is selling-buying rice with the units of
analyses being households located in the communes. All suppliers
are similarly engaged in selling goods to buyers. The second economic network featured countries as units with the network ties
being direct ﬁnancial investments.

2.2. Inconsistencies and errors

the number of errors in each block, sums them across blocks and
reports both the total number of errors and the block-speciﬁc
errors. In principle, the same can be done for blockmodels ﬁtted
using indirect methods and checked subsequently. Errors exist in a
block whenever ties are present that are inconsistent with the block
type containing them or when ties are missing and create one or
more errors. Examples include the presence of ties in a null block,
null ties in a complete block and null columns or rows in a regular
(1-covered) block. We argue that a clear distinction between errors
and inconsistencies can be made usefully when evaluating a ﬁtted
blockmodel.
Most blockmodels are evaluated using only the total number of
errors. Given a speciﬁed equivalence type, the higher the number
of errors the worse the ﬁt between the blockmodel and the data.
However, this notion of ‘error’ is too broad to be useful in a general
sense. Errors are deﬁned in terms of a speciﬁc blockmodel. This observation is important. Our strong preference is to label such errors as
inconsistencies (with respect to a speciﬁc blockmodel). Then three
types of inconsistencies can be distinguished: (i) inconsistencies
having a clear pattern within a block regardless of the deﬁnition of
the block type; (ii) inconsistencies revealing a pattern given the rest
of the blockmodel structure and (iii) inconsistencies having no discernable pattern. We regard this third type of inconsistencies as
divergences as they suggest nothing further about a blockmodel.
Often, they stem from missing data or other data errors.2 Only the
third type of inconsistencies are errors.
The ﬁrst two types of inconsistencies can be viewed also
as model-induced inconsistencies for they suggest inconsistencies
stemming from using inappropriate block types. These modelinduced inconsistencies can be used to diagnose potential problems
with the ﬁtted blockmodel. Some examples of doing this follow. We
consider ﬁrst inconsistencies having a clear pattern within a block.
If a ﬁtted block is complete but has multiple null ties, this is worth
examining. If they are few in number and are randomly distributed
in an erstwhile complete block, they are errors as deﬁned above.
But if their pattern is one of a regular block, this suggests that a
better speciﬁcation for the block could be a regular block. If a null
block has some ties distributed at random they are best thought of
as errors. But suppose the ties in the erstwhile null block form a
column of 1s. This is suggestive. The very clear structural signal is
that it is a column-dominant block. Similarly, if a block is identiﬁed
as a regular block and the pattern of ties in the block is row-regular
having the block as regular could be problematic.
Inconsistencies in a block having a pattern given the rest of the
blockmodel are more difﬁcult to discern. One example is that a
block is speciﬁed, or identiﬁed, as null. It is useful to deﬁne wide
blocks as having more columns than rows and deep blocks as having more rows than columns. If the null block is a wide block, its
pattern of ties may be consistent with being row-regular. If so,
then specifying it as row-regular is better than keeping it as a null
block. A similar argument holds for deep blocks and seeing them as
column-regular. Examples of this occurred with the direct ﬁnancial
investment network.
However, when re-specifying a blockmodel, several principles
must be stressed. First, the primary task is to discern meaningful
patterns of inconsistencies if they exist. Second, having identiﬁed
such patterns, they serve as suggestions for re-specifying a blockmodel. Third, the objective is not simply to get a model with fewer
errors for its own sake because doing this can lead to unfounded
results. Fourth, the re-speciﬁed blockmodel, assuming these hints
in the form of suggestive patterns of inconsistencies are used, must

A ﬁtted model results from inductive blockmodeling and
deductive fashion with some form of pre-speciﬁcation. The same
arguments regarding so-called errors apply to any blockmodel.
Given a ﬁtted blockmodel using the direct approach, Pajek reports

2
In a context of potential change such divergences may be viewed as signaling
impending changes. As such, they provide a measure of the extent an observed
network is evolving toward a different form over time.

2. Equivalence types
Here we consider the match between the deﬁnition of an
equivalence and the ﬁtted blockmodel. This leads directly to a consideration of the meaning of the terms errors and inconsistencies,
two concepts that can be distinguished usefully.
2.1. Equivalence deﬁnitions and data structures
A number of equivalence deﬁnitions have been proposed in the
literature. In essence, the deﬁnition of block types deﬁnes an equivalence and vice versa. A network partition exactly consistent with
structural equivalence has only null and complete blocks (Batagelj
et al., 2004). Similarly, an exact regular partition produces null or
1-covered (regular) blocks. A partition deﬁned by using null, complete, regular, and row-regular blocks deﬁnes another equivalence
– although we caution against using too many blocks types without
careful consideration of their speciﬁc utility.
Each equivalence represents a distinct substantive conceptualization for a network partition into positions and blocks linking
positions (Doreian et al., 2005; Ferligoj et al., 2011). This places
primary importance on substance when selecting an equivalence.
Regular equivalence seemed a natural generalization of structural
equivalence. The limitations of REG have been widely discussed in
the literature.
Borgatti and Everett (1989) proved that a network under regular equivalence has a lattice of regular partitions. The application of
a partitioning approach using this equivalence places researchers
in a position of having to select a solution, assuming the selected
algorithm identiﬁes them. In contrast with structural equivalence,
which produces stable solutions even when numerous observations are missing (Žnidaršič et al., 2012), regular equivalence is
very sensitive to the structure of the data producing, in most
cases, trivial or nonsensical results. Boyd and Jonas (2001) were
very critical of regular equivalence going so far as to question the
existence of regular equivalence partitions in real networks. After
testing REG on four classical network data-sets, they concluded that
regular equivalence hypothesis implies a constrained variance of
block’s marginals. In Section 2.3 we extend the idea of constrained
marginals when considering the Vietnamese rice trading networks.
They argued also that the so called popularity bias and respondent
bias determine, in most real cases, a concentration of ties on the
column or on the rows of the block. These concerns raise a variety
of issues when ﬁtting blockmodels to empirical data. One important concern centers on ‘errors’ and ‘inconsistencies’, two concepts
we distinguish conceptually.

L. Prota, P. Doreian / Social Networks 45 (2016) 1–17

make substantive sense given the social networks being studied and
the processes operating over them and/or generating them.
2.3. Model induced-inconsistencies given the rest of a
blockmodel: the effects of constrained out-degrees on regular
blocks
One of the primary consequences of examining the location and
the pattern of inconsistencies in the networks studied is that some
characteristics of the data can be incompatible with some block
types, thus generating inconsistencies. An example of such modelinduced inconsistencies is provided here by examining the effect
of out-degree constrains on regular blocks within a blockmodel.
Sparse networks are deﬁned as networks in which the number
of ties is of the same order of magnitude as the number of actors (see
Mrvar and Batagelj, 2004; Žiberna, 2013). The economic networks
considered here are sparse. Economic networks are sparse because
they contain costly links, something often ignored when analyzing network ties (see, for example, Jackson and Wolinsky, 1996;
Hummon, 2000; Doreian, 2006). Costs impose constraints on the
number of ties each actor can maintain. This constraint needs not
the same for all types of actors, depending upon their role in a
production process. There are many real-world examples where
suppliers have substantive constraints on their out-degree while
buyers have none.
An example close to the agricultural sector examined in this
study is contract farming. A diffuse contract binds farmers to sell
their whole crop to one buyer (the local cooperative for instance)
receiving in return security against price variations or other inputs
and technical assistance. Similar types of binding are common
among small-holders with limited quantities to sell who ﬁnd it
convenient to maintain a stable relation with a reliable buyer. The
buyer, in contrast, has no constraint when proﬁts directly correlate
to in-degree: with more farmers contracted, more quantities are
received and the higher are the proﬁts.
Another well studied example of constrained out-degrees
comes from the apparel industry, a paradigmatic case of a captive
value chain (Gerefﬁ et al., 2005). Low-tech ﬁrms from developing
countries are contracted to supply parts to a multinational corporation or to other intermediate subcontractor. These production
chain low-tech ﬁrms are captive: they operate as a diffuse assembly
line rather than as independent economic units capable of choosing partners. A non-constrained out-degree in this context would
signal a process of upgrading taking place, one where a producer
is shifting from assembling only supplied items to providing a fullpackage production. When this happens, subcontractors become
capable of producing the whole product to sell to one or multiple
multinationals for branding.
These are examples where out-degree is economically constrained. In other cases, the speciﬁc geography of production, or the
given technological level, can restrict the number of partners that is
proﬁtable to maintain. Whenever actors suffer constraints on their
out-degree, the compatibility between the equivalence chosen and
the shape of the block must be considered.3
In this context, the shapes of blocks in a blockmodel have a speciﬁc economic interpretation representing the relative number of
sellers (rows) and buyers (columns) at each level of the observed
production process. When suppliers are more numerous than buyers, as in the examples above, the expected block shape is deep.
Table 1 shows a simple example a deep regular (REG) block where
suppliers, denoted by Ci have constrained out-degree (of 1), with

3
This is particularly important when a process of differentiation is dynamically
taking place when a sub-group of suppliers attempts to relax their constraints to
move themselves forward in the production chain.
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Table 1
Constrained suppliers in a long block produce a REG block equivalence.

S1
S2
S3
S4
Sum

B1

B2

Sum

1
0
1
0
2

0
1
0
1
2

1
1
1
1
4

Table 2
Constrained producers in a wide block produce a RRE block.

S1
S2
S3
Sum

B1

B2

B3

B4

B5

Sum

1
0
0
1

0
1
0
1

0
0
1
1

0
0
0
0

0
0
0
0

1
1
1
3

Bj denoting buyers. In all the examples listed above the expected
shape of the block is deep and using REG blocks for them is appropriate.
There are other situations where the block produced will not be
deep, but wide indicating suppliers as less numerous than buyers
or that the supply is insufﬁcient to fulﬁll the demand coming from
the buyers. This is illustrated in Table 2 where there are additional
buyers (bolded) but the constraints remain the same.
Using REG blocks is not useful when the out-degree of suppliers remains constrained but the relative number of supplier is too
small to cover the whole market demand. Null columns within such
blocks form. Using row-regular blocks has appeal for identifying
these two sets of actors and their role within the production system.
These illustrative examples suggest using both REG and RRE in
a blockmodel to capture varying degrees of demand and supply in
a production chain when this is appropriate, as was the case for the
rice trading networks considered here.
2.4. Examining inconsistencies
A detailed analysis of inconsistencies was used in assessing the
substantive meanings of each potential model considered below.
Given the earlier promise of regular equivalence, using regular
blocks was a natural starting point. Yet the patterns of inconsistencies revealed regular equivalence as less appropriate for
capturing roles in sparse economic chains: nonsensical solutions
were produced in which actors with heterogeneous economic specializations where clustered together.
We found judicious use of RRE blocks dramatically improved the
results compared to using only REG in sparse hierarchical networks
such as production chains. As noted above, RRE has found limited
applications in the literature due to not being based on substantive
conceptualizations of social similarity within real-world role systems (Marsden, 2006). However, they were particularly useful for
these rice trading networks as blocks of the form shown in Table 2
were present. The inconsistencies produced by using REG blocks
mostly came from null rows and columns in them.
Using RRE in place of REG produced meaningful substantive
solutions: inconsistencies led to clear substantive interpretations
of the rice commodity chains to identify appropriate blockmodels.4
The evaluation of alternative blockmodel images by examining inconsistencies was useful for eliminating model-induced

4
Substantive patterns of the phenomenon examined merit serious consideration
when equivalences are chosen, especially for sparse networks. Recently, the complexity of blockmodeling sparse networks was considered by Žiberna (2013) who
proposed a density approach with weighted errors. While useful, the pattern of ties
in non-zero blocks is lost along with its interpretation.

4

L. Prota, P. Doreian / Social Networks 45 (2016) 1–17

inconsistencies leaving substantive divergences for further consideration apparent.
3. Remarks on blockmodeling methods
Blockmodeling has been regarded as the prime method for
understanding roles in complex formal and informal social systems.
The use of blockmodeling to cluster relational data raises validity
questions about the interpretation of blockmodels.
With inductive blockmodeling, no prior knowledge about the
data or the phenomena studied is used. No hypotheses are
advanced regarding the structure of the data. Given a deﬁnition
of equivalence, most often structural equivalence, data are transformed into a compatible dis(similarity) metric or directly clustered.
For the former, some hierarchical clustering method is used to
maximize within block similarity and between block differentiation. The validity and interpretation of the image(s) obtained by
this inductive method are difﬁcult to assess. When no hypotheses
are advanced regarding the blockmodel structure, it is difﬁcult to
select one from a set of potential solutions.5 In attempting to validate results researchers still needs to rely on substance to interpret
them.
Here, we used direct generalized deductive blockmodeling to
deal with this problem by formulating and testing hypotheses about
the structure of the rice production networks, the speciﬁc types
of blocks and their blockmodel locations. Prior knowledge about
commodity chain conﬁgurations together with information gathered in the ﬁeld was used to design an ideal blockmodel with both
the number of clusters, block types and their blockmodel locations
were pre-speciﬁed.
This deductive approach to blockmodeling is based on the correspondence between block types and equivalence types.6 In general,
each block has inconsistencies, the sum of which is the value of the
criterion function. An advantage of this approach is its measure
the extent to which an observed pattern of ties differs from the
expected pattern given an equivalence deﬁnition. This may not be
enough.
In practice, the values of the criterion function can be problematic. First, they cannot be compared across different blockmodels
deﬁned by different block-types. This implies that direct comparisons between the counts of inconsistencies are inappropriate as a
basis for selecting a particular blockmodel. Substantive meanings
are more important foe selecting blockmodels.
Second, a large number of inconsistencies cannot, alone, invalidate the substantive meaning of a solution.7 As Marsden (2006)
points out, the loss function is particularly sensitive to null entries.
Considering the number of inconsistencies counted for a null row
in an otherwise REG block. There are several options for counting
inconsistencies. One is to claim a tie in the null row is the appropriate count. Another is the total number of entries of that null row.
However, if the null row was in a deep block, the overall value of the
criterion function would be lower than if it occurred in a wide block.
Rather than debate these counts, it seems important to understand

5
Although, there is the issue of selecting a partition according to a dendrogram or
its equivalent, the more general problem is often masked. The more general problem
is the following: with multiple equally well ﬁtting partitions that differ considerably,
it is impossible to choose between them in a principled fashion. Dendrograms are
silent about this.
6
A local optimization algorithm is used to ﬁnd the partition(s) minimizing the
number of inconsistencies between ideal block types and empirically identiﬁed
blocks in the observed data (Batagelj et al., 1992a,b). For a related approach see
Brusco et al. (2013a,b,c).
7
Structural equivalence is particularly unforgiving when counting inconsistencies. Yet, it frequently produces substantively meaningful partitions when it is the
appropriate equivalence.

what the inconsistencies mean. Discerning model-induced inconsistencies is particularly important as they are created by using an
equivalence incompatible with the studied phenomenon.
A strategy for distinguishing model-induced errors from real
inconsistencies takes the form of exploring their patterns. Ideally,
when inconsistencies have a very clear pattern, their presence is
likely to have been induced by using an inappropriate deﬁnition of
equivalence. In contrast, when inconsistencies do not have a clear
pattern, this indicates they are indeed idiosyncratic deviations from
the expected and correctly speciﬁed ideal blockmodel.
Before detailing the ways in which such an examination can be
undertaken, it is necessary to describe the rice trading networks
and how the data for them were gathered for this study.
4. The rice trading data
Tracing resource exchanges in an open market is complex. Data
of this type are rare. The data we use come from a survey undertaken in 2006–7 in two communes of the An Giang and Tra Vinh
Provinces in the Mekong River Delta Region of Vietnam.8 The survey
was part of a project undertaken with the Ministry of Agricultural and Rural Development of Vietnam (MARD) and funded by
the Asian Development Bank to understand the impact of different
models of value chains on poverty in rural areas. One primary goal
was aimed at reconstructing the overall system of rice trading from
individual exchanges linking farmers, intermediaries, processors
and export ﬁrms.
A form of expanding selection was used to identify units. The
ﬁrst round of the survey included a census of the most important
actors in the rice value chain and randomly selected households
chosen from the list of village residents. The additional households
were included in this ﬁrst round for two main reasons: (i) to offset the risk of remaining solely within the limited network of ties
among the most important actors and (ii) to include households
potentially excluded from the rice production network. The main
criterion for purposely selecting focal actors was their control of
key rice production means such large land holdings, trading boats
and rice mills.9
Interviews were arranged with the people in charge of the main
economic activities in each selected household.10 Detailed data on
all income sources were obtained to reconstruct a full picture of
all the household’s economic activities and its roles within the rice
production chain.
The survey started from 48 focal actors in An Giang and 44 in
Tra Vinh. Three name generating questions were asked of each
respondent regarding rice trading ties:
1. With whom did you trade (buy/sell) rice this last harvest?
2. Can you please tell us the names of the people you exchanged
land with since 1975?

8
The commune selected in An Giang Province had 6 villages with a total population of 20,300 people in 2006. The commune in Tra Vinh had 11 villages with a total
population of 13,000.
9
Large land holdings was set to seven hectares in An Giang and two hectares
in Tra Vinh. These thresholds were based on the local land distribution and were
speciﬁed after consulting the commune chiefs and heads of the farmer associations.
10
During the survey informants and interviewers were trained to select as a
respondent the person who was in charge of the main economic activity of the
household. When this was rice production, the respondent was the person in the
household who was in charge of farming (generally a man); when the main economic activity of the household was trading rice, the person in charge of trading
was interviewed (generally a women). The same applied for agricultural laborers
and for all the other businesses. When the household undertook multiple economic
activities (producing and trading) we asked each person in charge to answer for the
section of the questionnaire related to her (his) own activity.

L. Prota, P. Doreian / Social Networks 45 (2016) 1–17

5

3. Who did you work for last season? (If applicable: What is the
name of your labor master?)
The number of years each household had been trading with each
other was also obtained along with a number of unit attributes
including credits and debts; household members’ occupations; the
costs and earnings involved in rice production and trade; salaries
from other non-farm activities of household’s members; capital
goods owned by the household’s members including residential
land, mills, boats and machines.
In total, three rounds of interviews were conducted. Not all the
named households were interviewed. The research team had permission from the Ministry of Agricultural and Rural Development
of Vietnam to carry out interviews only in the communes selected
for the study. Therefore, all named people living outside the geographical boundary of the communes could not be interviewed.11
These, for instance, included intermediaries living in neighboring
communes or companies operating at provincial or regional levels. Non-interviewed households also included named farmers who
moved in other communes due to marriage, migrated to work in
the city, or had died (which occurred occasionally, but only for the
land relation).
In these cases, respondents were asked to provide, if known,
the following information about the named people: role in the
rice commodity chain; gender; age; variety of paddy traded or
produced; boat capacity or type of mill owned. Moreover, indepth interviews were undertaken prior to, and after, the survey
to acquire general knowledge of the rice value chain and to check
the information gathered. In particular, interviews were conducted
with the district, commune and village heads, managers of the local
farmer associations and the women’s association.12 The characteristics of the elicited network fully match the literature on the
rice commodity chain as described in previous studies (Minot and
Goletti, 2000; Luu Thanh Duc Hai, 2003).
By tracing rice trading relations in An Giang, we obtained 169
names of which 72 were interviewed. In Tra Vinh, a total of 249
households were named of which 129 were interviewed. As shown
in Figs. 1 and 2, the networks for the two communes has one large
connected components and many small fragments. Some simple
network statistics for the two communes are provided in Table 3
for both the total networks and the main components in each.
The disconnected dyadic exchanges mostly were spot exchanges
between local farmers and traders navigating the Mekong River
Delta. The large components, instead, represent long standing local
systems of rice trade based on highly personalized links linking
farmers, local intermediaries and wholesalers. We focus on the
large components as they are systems. The largest component represents the 63% of the trading network in Tra Vinh and the 47%
in An Giang respectively. The following analysis is restricted to
the large components. As expected, the trading relation produced
acyclic networks with very low densities.
We now construct blockmodel hypotheses regarding the fundamental structure of the large components.

Fig. 1. The rice production network in An Giang.

out-degree; net-buyers have positive in-degree and zero outdegree. This classiﬁcation, however, reveals little about the
characteristic sub-categories for the actors nor their relations. This
tripartite classiﬁcation has no useful policy-relevant information.
Blockmodeling a value chain has value only if it leads to a useful delineation of its structure. The present analysis focuses on
specifying the blockmodel tightly so as to identify model-induced
inconsistencies.
The rice trading systems in the two study locations included
farmers, village intermediaries and trans-local buyers. However,
only in An Giang had a rice export industry developed. This export
industry was led by parastatal companies having a near monopoly
on rice export in Vietnam for food-security reasons. Suppliers to the
export company were mostly small-holders under contract farming who had received their land after the land reforms enacted
by the government. Larger landlords, a legacy of the ex-colonial
regime, supplied private local intermediaries not connected to the
local parastatal export company. In Tra Vinh, rice farmers were also

5. Blockmodel hypotheses for the rice commodity chain
Actors within a commodity chain can be clustered easily into
three groups based solely by using their degree measures for
the buying–selling relation: pure sellers have zero in-degree and
positive out-degree; intermediaries have both positive in and

11
There was no way around this constraint. However, the focus of the study was
on the rice trading networks within communes.
12
This individual was also member of the ﬁeldwork team in An Giang who was
employed to approach potential respondents.

Fig. 2. The rice production network in Tra Vinh.
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Table 3
Network statistics.
Stats

Tra Vinh all net

Tra Vinh main comp.

An Giang all net

An Giang main comp.

Nodes
Interviewed
Edges
Density
Mean years
SD years
Median years

246
129
224
0.003
5.04
4.82
4

155
88
169
0.007
–
–
–

169
73
147
0.005
5.65
4.78
5

81
36
88
0.013
–
–
–

Mekong River Delta survey: rice trading network (2006).

Table 4
An ideal model of rice exchange in southern Vietnam.

TLB
VI
CF
OF

TLB

VI

CF

OF

0
*
0
*

0
0
*
*

0
0
0
0

0
0
0
0

Note: 0 denotes a null block and * denotes a block whose type is to be speciﬁed.

differentiated between small-holders mostly growing for subsistence as a side-line activity to industrial jobs and commercial farms
having both producing and trading functions. It was expected that
there will be differences in the details of the resulting blockmodels for the two communes. Given this background, the following
generic blockmodel structure was derived and formalized as an
ideal image shown in Table 4 (while allowing for potential differences in the two communes):
This image has four types of actors in the rice value chain:
1. Trans-local buyers (TNB) including wholesalers, export companies and small traders; village intermediaries (VI) who merely
collect paddy from local suppliers and sell it to trans-local buyers coming to the village; contract farmers (CF) and other farmers
(OF) who have other selling opportunities beyond the village
intermediary.
2. Village intermediaries (VI) buy paddy (or rice) from the village
farmers and re-sell it to trans-local buyers. If rice processing and
exporting is established in the village, village intermediaries can
also upgrade, diversifying their functions. As exchanges between
village traders cannot be excluded, the speciﬁed null block (2, 2)
is expected to have inconsistencies. Also that these connections
will be more frequent in An Giang than in Tra Vinh because of an
increased coordination linking more specialized intermediaries
in An Giang.
3. Contract farmers (CF), sell their whole paddy production to village intermediaries. Regardless of them being bound by a formal
contract or not, these farmers have out-degrees constrained to
one. In An Giang not all farmers will be in this group. Given the
high level of commercialization in the area, farmers are likely
to have differentiated marking channels. In Tra Vinh this cluster is expected to include most farmers, as alternative trading
channels are not available or are extremely costly to suppliers.
4. Other farmers (OF) have differentiated trading channels with ties
to both trans-local buyers and village intermediaries (VI).
The generic blockmodel structure in Table 4 was ﬁtted using
different types of equivalences for the blocks marked with an asterisk (*). Initially, we compared the results obtained by using either
REG or RRE in all the non-null blocks of Table 4. Additionally, we
used REG and RRE together in a third speciﬁcation labeled mixed
(and denoted by MIX in subsequent tables) as it has a mixture
of block types. In this speciﬁcation all non-null blocks were set
to RRE except for block (3, 2) linking contract farmers to local

intermediaries which was speciﬁed to REG. All the above models
were run using Pajek routines for generalized blockmodeling with
1000 repetitions.
Within generalized blockmodeling approach penalties can be
speciﬁed for certain types of inconsistencies within block types.
The null blocks in Table 4 are particularly important. As a result, we
explored how the partitions obtained by each speciﬁcation changed
when different penalties were imposed on inconsistencies in null
blocks.
The next section presents the results produced by ﬁtting and
examining these blockmodels.
6. Results
We ﬁrst present a detailed look at the patterns of the inconsistencies resulting from ﬁtting the REG, RRE and MIX models to
do two things: (i) understand what contributes to better ﬁts of
blockmodels to data and (ii) assess the impact of imposing penalties designed to obtain more useful blockmodels. Then we couple
these patterns to substantive interpretations and validation of the
identiﬁed roles.
6.1. Initial results
Figs. 3 and 4 report the basic results. In each ﬁgure, columns
report the ideal model tested against the data with three different
equivalences: REG, RRE and MIX. The ﬁrst rows in the upper panels
of Figs. 3 and 4 report the results obtained by ﬁtting the three prespeciﬁed models without penalties (penalty = 1); the second row
reports the results obtained using heavy penalties (penalty = 100)
on all null blocks; ﬁnally the third row shows the partitions resulting from imposing a lighter penalty (penalty = 10) on block (2,2).
The lower panels of the two ﬁgures contain the aggregated inconsistency count together with a schema of the penalties used. White
blocks in the inconsistency matrix indicate that no penalties were
imposed on those blocks; light gray blocks had penalties with
weight 10, while dark gray blocks had penalties with weight 100. In
each partitioned network, errors are highlighted in red both when
they indicate an unexpected positive tie in a null block and when
they represent an unexpected row of null ties in a REG or RRE block.
The use of the REG equivalence without penalties, in both An
Giang and Tra Vinh, produces singleton clusters corresponding to
block (2, 3) linking village intermediaries and farmers. In short,
REG equivalence failed to capture the different types of tie receivers
characterizing the value chain in both communes. All meaningful
ties linking village traders to trans-local buyers, in this REG model,
counted as inconsistencies in blocks (1, 1); (1, 3) and (3, 3).
Using heavy penalties on null blocks did not solve this problem.
In An Giang, a group of local intermediaries has inconsistencies
in block (2, 1) that are evidently patterned. Half of block (2, 1) is
null (marked in red). This produced 224 inconsistencies. Worse,
types of farmers were not differentiated. Position 4 is a singleton,
making this partition really poor. A similar reduction occurs in for
Tra Vinh: the imposition of heavy penalties in null blocks does not
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Fig. 3. Blockmodel results for the An Giang rice trading network.
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Fig. 4. Blockmodel results for the Tra Vinh rice trading network.
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Table 5
Blockmodel positions and net-sellers: An Giang.
Models

9

Table 6
Percent access to credit by position for the MIX 3 blockmodel.

Net-sellers

Access to credit

FB

INT

EP

OP

Total

REG
RRE
MIX

1
1
1

0
0
6

0
7
0

7
22
23

35
13
13

42
42
42

REG
RRE
MIX

2
2
2

0
0
1

0
9
0

41
22
27

1
11
14

42
42
42

REG
RRE
MIX

3
3
3

0
0
0

0
3
0

42
26
26

0
13
16

42
42
42

substantially change the resulting partition obtained by REG. Cluster 2 remains a singleton. Almost all ties are concentrated in block
(4, 1) linking farmers directly to trans-local buyers.
Using RRE greatly improves the delineated partitions. In both
rice trading networks, the generic model without penalties has no
singleton positions. All ties are well distributed across blocks and
inconsistencies do not show any clear pattern. The imposition of
penalties, in the case of An Giang, changes the partition slightly. By
reducing the penalties in block (2, 2), inconsistencies are concentrated in that block showing a form of cooperation existed between
intermediaries in An Giang. Also for Tra Vinh, the imposition of
penalties does not alter the overall partition of the network leaving
a few scattered inconsistencies across blocks.

MIX 3 partition

Didn’t received credit
Received credit

TLB

VI

CF

100
0

67
33

56
44

OF
94
6

Total
77
23

Table 7
Blockmodel positions and intermediaries: An Giang.
Models

Intermediaries
FB

INT

EP

OP

Total

REG
RRE
MIX

1
1
1

7
2
2

1
8
7

1
0
0

1
0
1

10
10
10

REG
RRE
MIX

2
2
2

0
2
0

9
8
8

1
0
1

0
0
1

10
10
10

REG
RRE
MIX

3
3
3

0
1
1

10
9
9

0
0
0

0
0
0

10
10
10

6.2.1. Exploring the effectiveness of roles in An Giang value chain
Tables 5, 7 and 8 shows the effective roles of actors within the
rice value chain cross-tabulated against model positions. There are
three variants of the blockmodel, labeled 1, 2 and 3 in each table. The
four positions are Trans-local buyers (TLB), Village Intermediaries
(VI), Contract Farmers (CF) and Other Farmers (OF) as they were
deﬁned in Section 5.
Net-sellers: The ﬁrst effective role examined is net sellers in
Table 5. For all REG blockmodels, all 42 sampled net-sellers were
correctly assigned either to position three (Contract farmers) or
to position four (Other farmers). However, great variation exists in
the distribution of actors across these two clusters. Net-sellers were
clustered either in position four (83 percent in model REG 1) or in
position three (98 and 100 percent in models 2 and 3 respectively).
Making the distinction between contract farmers and other farmers
irrelevant when using this equivalence.
A better differentiation between contract farmers and other
farmers resulted from specifying the ideal model with the RRE and
MIX equivalences. For both, more than 70 percent of farmers were
correctly assigned and distributed across the expected positions
CF and OF. The solution obtained in model MIX 3 with reduced

penalties in block (2, 2) provided the most exact partitioning of
actors creating two farmers’ groups with their substantive economic differentiations.
As a further check of the MIX 3 model, the receipt of credit
across the four positions was examined. The results are in Table 6.
About 44 percent of contract farmers (CF) access credit on a regular
basis for production purposes. By contrast, only 6 percent of other
farmers (OF) received credit in the same period.14 This large difference in credit access is consistent with the hypothesis that village
intermediaries in An Giang purposely used credit to create a more
stable supply base to compete more effectively. Another contrast
between the two farmer positions is that contract farmers represent the supply base of the industrial organization led by the local
export company and supported by the state. Other farmers are individual producers maximizing their proﬁts by exploiting alternative
markets channels.
Intermediaries: In Table 7 the number of effective intermediaries is tabulated against model partitions. The ten village
intermediaries present in the An Giang rice trading network were
correctly identiﬁed by all three models. However, the solutions for
the REG models were the most unstable being strongly dependent
upon the imposition of heavy penalties. In REG model 1 (without
penalties) only 1 intermediary is correctly assigned to cluster two.
When heavier penalties were imposed (REG models 2 and 3), nine
and ten intermediaries respectively were correctly placed in positions. Despite this important correction, the assignment is still not
entirely effective because the resulting position 2 included 12 additional trans-local buyers for a total of 22 actors (see Table 8). This
partition was unable to distinguish between net receivers of ties
(trans-local buyers) and brokers (village intermediaries).
The partition improves considerably when RRE is used in place
of REG. In all obtained RRE solutions, about 90 percent of village
intermediaries are correctly assigned to the VI position. Furthermore, while the imposition of penalties in the RRE models did
not dramatically alter the obtained partition, this cleared out most
of inconsistencies within the cluster. A similar improvement was
achieved using penalties in the MIX models: the three inconsistencies found in model MIX 1 were reduced to one in model MIX 3
when heavy penalties were imposed.

13
For example, if the out-degree was positive and the households main economic
activity was farming the role assigned to the observation was “Rice seller”.

14
The t-statistic 2.47 is sufﬁciently large to reject the null hypothesis of no mean
difference between two groups of farmers in access to credit (p < 0.01).

6.2. Substantive validation and interpretation of results
We evaluate the substantive adequacy of the blockmodel partitions by examining closely the correspondence between effective
roles and blockmodel positions. Effective roles were derived
by cross-checking nodal degree with each unit’s main income
sources.13 Three simple roles were distinguished on the basis of
income: rice net-sellers, intermediaries and net-buyers.
The present sub-section is divided into three parts: the ﬁrst two
parts discuss the case studies separately and, in the third part, the
two trading networks are compared.

10
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Table 8
Blockmodel positions and net-buyers: An Giang.
Models

Table 9
Blockmodel positions and effective roles: Tra Vinh.

Net-buyers
TLB

Models
VI

CF

OF

Total

Net-sellers
VI

CF

OF

Total

REG
RRE
MIX

1
1
1

13
29
29

0
0
0

16
0
0

0
0
0

29
29
29

REG
RRE
MIX

1
1
1

0
0
8

0
7
0

10
73
68

87
17
21

97
97
97

RGE
RRE
MIX

2
2
2

17
29
29

12
0
0

0
0
0

0
0
0

29
29
29

REG
RRE
MIX

2
2
2

0
0
3

0
16
0

8
59
76

89
22
18

97
97
97

REG
RRE
MIX

3
3
3

16
29
29

12
0
0

0
0
0

1
0
0

29
29
29

REG
RRE
MIX

3
3
3

0
0
3

0
17
0

9
59
76

88
21
18

97
97
97

Net-buyers: The inability of the REG models to capture production chain roles is more evident for net-buyers (see Table 8. The
REG models capture only about half of the 29 trans-local buyers in
the network as net-receivers of ties, clustering the others as village
intermediaries or even as farmers. Even though using REG led to
the correct placement of ‘other farmers’ and village intermediaries,
these positions were heavily populated with trans-local buyers, a
nonsensical result. In contrast with REG models, all the solutions
based on RRE and MIX models identiﬁed trans-local buyers correctly.
The most effective partition of the network data was obtained by
using MIX model 3. It wrongly clustered only 1 village intermediary
(in TLB). In RRE model 3, three farmers and one village intermediary were wrongly assigned for a total of four inconsistencies The
REG models are the least effective, providing a completely distorted
assignment of actors to clusters: (i) about half of the trans-local
buyers were wrongly clustered; (ii) the real distinction between
the two types of farmers was rendered irrelevant as all of these
actors were placed in one position and (iii) village intermediaries
were identiﬁed only after forcing the results using heavy penalties.
In Fig. 5 the location of the inconsistencies counted by MIX
model 3 (in red) is explored graphically in the light of the acquired
substantive knowledge on actor roles. All ﬁve inconsistencies in the
(2, 2) block were real divergences from the ideal model tested. This
pattern of ties linking village intermediaries was correctly captured
by the MIX blockmodel, making a distinguishing organizational
feature apparent.
The three inconsistencies in block (4, 2) also feature divergent patterns of ties with a few farmers were connected only to
trans-local buyers (the local export company) rather than to both
trans-local buyers and village intermediaries as speciﬁed (the dotted missing links in red account for most of the inconsistencies
within the model). These cannot be considered model-induced
inconsistencies but as potential signals showing effective discrepancies between the ideal model and the observed network: these
inconsistencies need to remain as a measure of distance. Finally, the
single inconsistency in block (1, 2) represents a wrong role assignment as the model was unable to recognize this tie as a form of
cooperation between village intermediaries or. Even so, the delineated role structure is clear and consistent.
6.2.2. Exploring the effectiveness of role delineation in Tra Vinh
As in the previous subsection, for Tra Vinh the effectiveness
of the partitions obtained was validated against the three general
roles characterizing a production chain: net-buyers, intermediaries
and net-sellers. This is shown in Tables 9–11.
Net-sellers: The REG models for Tra Vinh behave in a similar
fashion as for An Giang regarding farmers. While all 97 netsellers were correctly identiﬁed by the REG models, the distinction
between contract farmers and other farmers was distorted by placing almost 90 percent of farmers in a single cluster. Moreover, the

TLB

Table 10
Blockmodel positions and intermediaries: Tra Vinh.
Intermediaries
TLB

VI

CF

OF

Total

REG
RRE
MIX

1
1
1

10
0
1

1
12
11

1
1
1

2
1
1

14
14
14

REG
RRE
MIX

2
2
2

10
2
0

1
11
12

0
1
1

3
0
1

14
14
14

REG
RRE
MIX

3
3
3

9
2
0

1
12
13

0
0
1

4
0
0

14
14
14

Table 11
Blockmodel positions and net-buyers: Tra Vinh.
Net-buyers
TLB

VI

CF

OF

Total

REG
RRE
MIX

1
1
1

26
44
44

0
0
0

18
0
0

0
0
0

44
44
44

REG
RRE
MIX

2
2
2

31
44
43

0
0
1

13
0
0

0
0
0

44
44
44

REG
RRE
MIX

3
3
3

32
44
43

0
0
1

12
0
0

0
0
0

44
44
44

REG models were unable to properly distinguish farmers from other
categories of actors. The OF cluster identiﬁed in all REG models
included a considerable number of trans-local buyers.
In contrast, the differentiation of farmer types was captured
in the RRE models. Yet RRE models failed to distinguish clearly
between farmers and intermediaries. In RRE model 1, seven netsellers were erroneously assigned to the VI cluster. In Tra Vinh,
the imposition of penalties did not signiﬁcantly improve the partitions obtained with RRE. Indeed, the number of inconsistencies
increased from seven net-sellers incorrectly assigned to VI in model
RRE 1 to 17 in RRE model 3. Also, while RRE model 1 had a single
solution, RRE 3 model had three equally well ﬁtting solutions. The
problem of differentiating between net-sellers and intermediaries
was encountered with RRE models for the An Giang network. However, for Tra Vinh, the proportion of inconsistencies is higher and
resistant to corrections even when using penalties.
The inclusion of the REG block (3, 4) in the MIX models improved
greatly the partitions. The MIX models distinguished contract farmers and other farmers. These models avoided also inclusions of
other types of actors in these positions. About 97 percent of the
effective farmer relations were identiﬁed correctly.
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Fig. 5. The An Giang rice trading network with its inconsistencies.

From an economic perspective, in Tra Vinh there is no difference
between contract farmers and other farmers with regard to credit
access. Both types of net-sellers received loans in similar ways.
However, farmers in the OF cluster received larger amounts per
year (on average 15 USD less, representing 65 percent of the sample
credit mean).15 These results are different from those obtained in
An Giang where farmers in OF were excluded from credit access. In
contrast to An Giang, where credit was strategically used to maintain a constant supply base for the State Owned Enterprise (SOE),
in Tra Vinh, there were numerous micro-credit projects favoring
small-holders. With access to credit more open in Tra Vinh, OF
net-sellers were willing to invest in production and upgrading.
Intermediaries: In contrast to An Giang, REG models were completely unable to cluster intermediaries in Tra Vinh. Only one village
intermediary out of a total of 14 was correctly assigned to the VI
cluster. All the other models worked better than REG, by correctly
assigning from 79 to 93 percent of the sampled village intermediaries to the VI position. In RRE models only two or three units were
assigned incorrectly to other clusters. In the MIX model 3, only one
village intermediary was misallocated.

15
With a t-statistic of −1.75, the p-value for rejecting the null hypothesis of no
mean difference between two groups of farmers in the amount of credit received
with p < 0.08.

Net-buyers: A consistent number of trans-local buyers were
confused with farmers in REG models. As for An Giang, in Tra
Vinh of trans-local buyers, about 30 percent were classiﬁed with
farmers in the CF and OF clusters. All models using RRE and
MIX equivalences correctly placed trans-local buyers in the TLB
position.
For Tra Vinh the best model to deﬁne the rice production chain
is MIX model 3 with a total of ﬁve inconsistencies. The effect of
using the MIX equivalence is larger than in An Giang suggesting the
relational tie between contract farmers and village intermediary
positions, in effect, is a regular block.
Fig. 6 shows the partition obtained by using MIX model 3 for the
Tra Vinh network along with its inconsistencies (marked in red).
The three inconsistencies in the ﬁrst block stem from an erroneous
assignment of these nodes to a position. In the ﬁgure, three red ties
linking black nodes one another show how farmers where clustered
incorrectly when they had only one tie to trans-local buyers (these
are the three errors reported in column for sellers in Table 9). While
the blockmodel was designed to incorporate embedded farmers as
exclusively linked to village intermediaries, it was not speciﬁed to
capture this particular behavior.
Similarly, out of the two inconsistencies in block (2, 2) only one
shows the two intermediaries involved were kin trading together.
This is represented by the one error reported in the column for the
VI position in Table 10. Moreover, the two inconsistencies in block
(4, 2) were other farmers not having links to village intermediaries.

12
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Fig. 6. The Tra Vinh rice trading network with its inconsistencies.

They are divergences from the model speciﬁed. This is similar to the
An Giang Network. Finally, the graph clearly shows how a similar
type of ‘error’ is counted differently according to the block within
which it falls

6.2.3. Comparing the role structures of An Giang and Tra Vinh
Fig. 7 contains the shrunken images of the role structures for the
two networks identiﬁed with visual comparison. The two systems
are structurally similar. In both systems, sellers can be distinguished by the types of buyers they are selling to: contract farmers
(CF) depended exclusively on village intermediaries while other
farmers (OF) also had alternative marketing channels. We noted
earlier than credit plays an important, but different, role in these
two systems. While in An Giang credit is used to maintain a stable
supply base for the export sector, in Tra Vinh it is used to encourage
upgrading.
Upgrading opportunities in the two markets differ. In Tra Vinh,
the majority of farmers, formally contracted or not, sell to village
intermediaries determining a REG relationship between these two
positions. The other parts of the trading chain are marginal compared with the importance the ties in block (3, 2) within the whole
trading system. The Tra Vinh rice market can be viewed as a local
market where most exchanges occur between small-holders and
their neighboring intermediaries.

In An Giang, the market appears more developed as exchanges
are distributed across all positions. Moreover, a clear feature of the
An Giang trading system is that village intermediaries cooperated
among themselves. Such within cluster cooperation could signal
that a new trading role is emerging beside the parastatal export
company.
Finally, the images show also the relative proportions of actors
within each cluster inﬂuencing the applicability of different equivalence deﬁnitions. REG equivalence worked properly only in block
(3, 2) where the actors in the CF cluster are disproportionally more
numerous than those in the OF cluster. In all other cases, the sending
position was less populated than the receiving position: the resulting block was deep. As discussed earlier, when out-degrees are
constrained, the shape of the block compromises the applicability
of REG: using RRE was far more effective.

7. A foreign direct investment network
We consider another economic example to illustrate further the
process of examining closely ﬁtted blockmodels and coupling them
to substantive concerns but in a different empirical context. In this
example, the network is deﬁned by direct ﬁnancial investments
(FDIs) between countries. In essence, foreign direct investment
(FDI) occurs when a company in a country makes an investment
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in another company in another country. An FDI is a ﬁnancial relation involving the acquisition of direct ownership (represented by
voting securities) by a single company (the parent or investing company) in one country of a company (the foreign afﬁliate or target)
in another country. These overseas investments can be established
through a variety of mechanisms including setting up a subsidiary,
acquiring shares of the company in another country or through a
joint venture. As such, FDIs are company-to-company transactions
resulting in infrastructural changes in the receiving country.
As these investments are made by companies located in different countries, the network data can be examined at both
the organizational and national levels. When there are multiple
such investments between countries these can be aggregated into
between country ﬂows. For host countries, the gains are thought to
include acquisitions of new technologies with organizational and
production arrangements. The example considered here is taken
from a broad study in investments in the electrical industry which
evolved from a system of isolated national monopolies to a truly
global industry during the period of observation (1994–2004). The
network used here comes from 1994 to 1995 with countries as the
units with the network ties being ﬁnancial investment ﬂows.16
The rice trading networks discussed were one-mode networks.
At face value, the investments ﬂows have the same form as shown in
Fig. 8 for 1994–95. The sizes of the vertices represent the number
of investment ﬂows of each country (including both sending and
receiving ties). There are 29 countries and 37 direct investment
ties in this network including only one reciprocated tie between FIN
(Finland) and SWE (Sweden). Simultaneous reciprocal investments
by countries are rare.
During 1994–1995 the countries with the greatest involvement
in investing were: DEU and USA (as senders); ARG (Argentina) and
GBR (Great Britain) as receives and FRA (France) doing both equally.
Other countries had lesser involvements primarily as receiving
nations.

Fitting a blockmodel to these one-mode data using either structural or regular equivalence failed due to obtaining multiple equally
well-ﬁtting partitions and having partitions making no structural
sense. There was no real need to examine the distributions of inconsistencies as was done with the rice trading networks. Even using
a full set of block types deﬁned by Doreian et al. (2005) including
complete, regular, row regular, column regular and null blocks with
no pre-speciﬁcation failed for this network of investment ﬂows.
The reasons for this failure are straightforward. First, the units
of the network are fundamentally different from the rice trading networks. Instead of being composed of singular units such as
the small rice trading households, the units are countries where
the investment ﬂows involve companies whose transactions were
aggregated. Second, the countries differ greatly regarding development and have had long histories in the form of colonial ties and
other economic relationships. Third, each ﬂow has a direction from
the ‘sending’ country to the ‘receiving’ country with the resource
ﬂows being very large. Countries sending and receiving FDIs represent clearly distinct roles in the international system. Fourth, in
addition to countries being senders or receivers, some countries can
be both senders and receivers in the international system albeit
with different company-speciﬁc transactions. This suggests converting the seemingly one-mode FDI ﬂow data to two-mode data.
Senders are one mode (as rows) while receivers are in the other
mode (as columns). Treating these data a two-mode data leads to
partitioning the two modes are separately but simultaneously.
Fig. 9 shows the same FDI network in a two-mode form with
senders and receivers shown in boxes and ellipses respectively.
Converting a one-mode network to a two-mode network is straight
forward in Pajek. This created a two-mode network with 16 sending and 23 receiving countries. All 37 ties remain but the edge
between FIN and SWE in Fig. 8 is represented as two arcs in Fig. 9.
The extent of the involvement in investment is not represented for
visual simplicity.
Pre-speciﬁcation was required for several reasons. Allowances
had to be made for singleton row clusters (positions) containing
one country with ﬂows to more than one other country. In particular, this held for DEU and USA given their advanced electrical
infrastructure systems. Allowances were necessary for singleton
column positions containing countries receiving investments from
multiple other countries. We noted GBR and ARG received multiple
investment streams. Pajek allows the speciﬁcation of constraints
for a blockmodel in addition to specifying block types. This was
used to constrain the blockmodel so that DEU and USA were singletons in row positions and ARG and GBR as singletons in column
positions.
If there are sets of countries between which some investment
ﬂows exist but without ties between all pairs then a regular block
can be considered. Allowance were needed for singleton countries
investing in other countries when the block structure elsewhere
in the blockmodel precludes all outgoing ties from them being
in the same complete block. See below for two of the speciﬁed row-regular blocks. It was important to allow for null blocks
resulting from selective patterns regarding investment. Investment
opportunities are not spread evenly. A ﬁtted blockmodel using
pre-speciﬁcation is shown in Fig. 10 with six row and six column
positions.17
Using structural equivalence inductively for these two-mode
data failed: many multiple equally well ﬁtting partitions were produced. Worse, they were markedly different and incoherent. The
same held for regular equivalence when used inductively. The problems arose due to three features: (i) the data structures of these

16
The data were collected by Alessandro Lomi. We appreciate his generosity in
letting us use these data here.

17
Having the same number of sending and receiving positions was not an imposed
requirement.

Fig. 7. The identiﬁed role structures for the two Vietnamese. Note: The thickness of
lines is proportional to the number of ties between positions.
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Fig. 8. Direct electrical investment ﬂows between countries for 1994–95. Note: Vertex sizes represent the number of investment ﬂows in which each country was involved.

economic networks, (ii) using a restricted set of block types and
(iii) ignoring pre-speciﬁcation. Structural equivalence implies having complete and null blocks while regular equivalence implies only
null blocks and regular blocks. These block types were insufﬁcient
for these data.
Again, pre-speciﬁcation was required and specifying only block
types was insufﬁcient. Some or all block locations required speciﬁcation. Blockmodel pre-speciﬁcation can have multiple sources.

The most useful is substantive knowledge as was used for the
Vietnamese rice trading networks. Next come knowledge based on
similar empirical contexts. It is possible also to use the data of a
speciﬁc context for a pre-speciﬁed blockmodel. This was needed
here.
Tables 12 and 13 shows two potential blockmodels. The former
is one possible pre-speciﬁed model. The pattern of the inconsistencies produced by ﬁtting it was studied to discern whether a better

Fig. 9. Direct electrical investment ﬂows as a two-mode: 1994–95. Note: Boxes represent investing countries and circles receiving countries. Varying arc thicknesses show
values.
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Fig. 10. Two ﬁtted blockmodels: 1994–95 FDI electricity network.

Table 12
Blockmodel pre-speciﬁcations for FDI ﬂows for 1994–95.
0
1
0
0
0
0

1
0
0
0
rre
0

1
1
1
0
0
0

0
1
0
1
0
0

0
0
0
0
0
reg

0
0
0
0
0
0

Table 13
Post-hoc blockmodel pre-speciﬁcations for FDI ﬂows for 1994–95.
0
1
0
0
0
0

1
0
0
0
rre
0

1
1
1
0
0
0

0
1
0
1
0
0

rre
rre
0
0
0
reg

0
0
0
0
0
cre

Note: 1 = complete block; 0 = null bock.

blockmodel was possible without sacriﬁcing substantive meaning.
Closely studied was the presence of single ties in otherwise null
blocks.
Fitting the blockmodel in Table 12 yielded a partition with an
inconsistency count of 6. The formatted partition is shown in the
top panel of Fig. 10 with the six inconsistencies marked in red. Then,
the post-hoc model in Table 13 was ﬁtted, the resulting formatted
array is shown in the bottom panel of Fig. 10, with the two inconsistencies marked in red. The sources of the reduction from six to two
inconsistencies merits attention. In the bottom panel of Fig. 10, the
inconsistencies are the ﬂows from CHE (Switzerland) to DEU and
FRA to Hungary (HUN). The column-regular block was speciﬁed in
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a post-hoc fashion. Each of these ﬂows is an inconsistency in the
top panel of Fig. 10. These are errors in both ﬁtted blockmodels.
Two inconsistencies in the top panel of Fig. 10 were removed by
re-specifying the (1, 5) and (2, 5) blocks as row-regular to accommodate the ﬂows from DEU (to the Netherlands, NDL) and the USA
(to Czechoslovakia, CZE) respectively. The re-speciﬁcation of the
blockmodel as shown in Table 13 moved DEU, New Zealand (NZL)
and Canada (CAN) to the ﬁfth column position. This eliminated the
ﬂows from CAN to NZL and IND to DEU as inconsistencies. Having
South Africa (ZAF) as a singleton in the ﬁnal column position and
re-specifying the (6, 6) block as column-regular prevented another
inconsistency. We note that the change in the blockmodel speciﬁcation did more than rename block types, it also changed slightly
to composition of two column positions.
Of course, interpreting such a ﬁtted blockmodel holds only if a
substantive justiﬁcation for the pre-speciﬁcation in Table 13 can be
provided. We note that in ﬁtting the post-hoc blockmodel, the data
were examined. There was no intent to ‘test’ this blockmodel. The
empirical context has the 1994–95 data coming from the ﬁrst year
of study over a ten year period. As such, this established blockmodel
can, in principle, be used for subsequent periods and tested. On a
year-to-year basis, the FDI ties are highly unstable because there is
no need for pairwise continuity of the investment ties. If the testing
of the type of blockmodels shown in Tables 12 and 13 is successful
it will be a strong result given this instability. This will be examined
in further work.
The lower panel of Fig. 10 shows the formatted matrix for the
ﬁtted blockmodel. The greatest amount of investment activity for
1994–95 came from USA with 13 investment ﬂows. Nine are in
the complete (2, 1) block. Another two ﬂows are to GBR and ARG
in separate column positions due to their distinct receiving roles.
Another two are in the (2, 5) block, speciﬁed as row-regular in the
blockmodel in Table 13. DEU comes next as a source of ﬂows. By
far, these two countries dominate the FDIs for the electricity industry in 1994–95. The (1, 2) block is complete, as is the (1, 3) block
with a tie to GBR. An additional investment ﬂow is in the (1, 5)
block also speciﬁed as row-regular. The (4, 2) block was speciﬁed
as row-regular for some investment ﬂows within Europe. The (6,
5) block was speciﬁed as regular. It is a clear part of the structural depiction of this network but such regular blocks, if present,
in subsequent years will require additional interpretations. Having only one regular block among the 16 blocks in the blockmodel
makes clear why using only regular equivalence failed. Similarly,
having a minority of the blocks being complete suggests using only
structural equivalence was inadequate.
Often, blockmodels have been ‘validated’ by having positions
composed of highly similar units. While this makes sense for small
group and intra-organizational networks, this need not hold for
the investment ﬂow networks. It made great sense also for the two
rice trading networks considered above. A so-called First World
country can invest in both other such countries or in so-called Third
World nations. This happens a great deal. Such was the case for
the USA investing in a mixture of Third World countries including
Indonesia (IDN), Bolivia (BOL), the Dominican Republic (DOM), Peru
(PER) and Mexico (MEX). Yet the USA also made investments in
New Zealand (NZL), Ireland (IRL), Australia (AUS) and Canada (CAN).
Canada invested in the Netherlands (NDL) and New Zealand. As a
result, the blockmodel of Fig. 10 cannot be interpreted simply in
terms of the composition of its positions. Some ties are historically
conditioned appearing unusual initially. Such is the MY to GBR tie.
However, MYS (Malaysia) was a former colony (Malaya) of GBR
and the electricity industries of the two were tightly connected:
an investment ﬂow could (and did) go from a former colony to a
former colonial power.
The row positions are labeled as: DEU; USA; CHE, MYS; Senders
to ARG; BEL, GBR and Regular senders in the order shown in
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Fig. 11. The blockmodel image for the 1994–95 FDI network.

Fig. 11. The corresponding column positions are: Receivers from
USA; Receivers from DEU; GBR; ARG, Regular receivers and ZAF
(South Africa). Sending positions are represented by boxes and
receiving positions by ellipses. Doreian (2015) proposed the idea
of ‘pruning’ blockmodel images when the inconsistencies within
blocks are minuscule. The ties corresponding to the ﬂows from CHE
to DEU and FRA to HUN were removed for a simple reason. The
block containing the CHE-DEU tie has 16 potential elements. Having a tie between CHE and MYS and Regular receivers being deﬁned
by only single tie (out of 16) is problematic. Structurally, it is better
to have no tie between these two positions. The same holds for the
FRA-HUN tie in the otherwise null block having nine elements. This
block links the Sender to ARG position to the Receivers from DEU.
Deﬁning it as a real tie using one out of nine elements is unsound
as a depiction of the image.
We acknowledge the idea of treating a one-mode network as
a two-mode network could be applied also to the rice trading
networks as there are clear senders and receivers. This will be considered in future research. However, there are crucial differences
between the two types of networks considered here. First, the rice
trading networks are not composed only of senders and receivers.
The role structure of these networks is far more complex. Second, as
noted above, the units of the Vietnamese rice trading networks are
singular, and most often, very small entities. The ﬂows of investments in electrical infrastructure, at least in the country networks
considered here, involve units that are sets of investing organizations within countries. The FDI network with organizations as
singular entities has the same form as the rice trading networks
even though the units are larger in size. Treating this network as
a one-mode network makes more sense, as was the case for the
rice trading networks. Even so, treating the rice trading networks
as two-mode networks is an option to explore but only if there
are multiple sending and receiving roles in these smaller scale
networks.
8. Conclusions and discussion
The two rice trading networks in different Vietnamese communes were analyzed as one-mode networks to identify their role
structures. The rationale provided for using regular equivalence
to identify roles, gave it obvious appeal. Yet, the criticisms of this
equivalence noted in the introduction implied using it required caution. Rather than ﬁt one blockmodel identiﬁed by a single type of
equivalence, we used three models. One was regular equivalence
(REG), the second was row-regular equivalence (RRE) and the third
was a mixed model (MIX) which was primarily a RRE model with a

single REG block included. In essence, the exploration amounted to
a comparison of REG and RRE, one examined in detail by considering
closely well-deﬁned effective roles in trading rice using substantive
knowledge.
The outcomes of using REG and RRE were dissimilar: the former
was singularly inappropriate for these rice trading networks. The
REG models were: (i) unable to distinguish between contract
farmers and other farmers; (ii) unable to differentiate net-sellers
from net-buyers, a serious defect and (iii) it largely misclassiﬁed
village intermediaries. The use of the RRE equivalence for both
networks improved the resulting partitions by reducing the number of model-induced inconsistencies, especially as when RRE was
used to model the few-to-many relations with constrained outdegree. The most useful results were obtained by mixing RRE and
REG equivalences taking into consideration the expected proportion of actors in each class or by making an explicit hypothesis
regarding the shape of the resulting blocks given the structure of
demand and supply.
Several consequential implications stem from analyzing these
rice trading networks. First, while regular equivalence, by itself,
did not fare well in these case studies, it need not follow that it will
always fail. However, we suspect the conditions under which it is
appropriate are rare. Second, using row-regular equivalence provided a far more useful equivalence for these networks. However,
it does not follow that this equivalence is ‘the one’ for delineating
all role structures. Third, it was necessary to use pre-speciﬁcation
grounded in both substantive and empirical knowledge. In general, we counsel the deductive use of blockmodeling when such
knowledge is available. Most often, we suspect, this is available for
researchers to identify and use. If so, there is no justiﬁcation for
using strictly inductive blockmodeling.
The FDI network introduced a different set of complications
stemming from its different form. It was necessary to convert a
seemingly one-mode network to a two-mode network. The analysis of the ﬁtted two-mode blockmodel also raised issues regarding
the adequacy of selecting restricted equivalence types. A more
expanded set of equivalence predicates were required. Also, there
was clear need to pre-specify the blockmodel structure(s) needed
to discern the underlying structure of this network. Our results
are less deﬁnitive and the analysis we presented had more of an
exploratory sense despite the use of pre-speciﬁcation.
As a ﬁnal set of conclusions we add the following. It is not
enough to establish the apparent failure of an equivalence type
when analyzing a particular network. It is necessary to identify,
at least partially, potential reasons for the lack of success and to
examine them closely. In the rice trading networks, we identiﬁed
the shape of blocks as a factor contributing to regular equivalence
not being successful. This seems an important consideration. The
FDI network revealed a need to think of one-mode networks as twomode networks when this is appropriate. Finally, we emphasize
that substance truly matters, as does a close examination of the data
for clues regarding the fundamental structure. This implies there is
no one ‘cookie cutter’ blockmodel because the match between an
equivalence, substance and empirical context has to be considered
very closely. Most often, social network researchers know more
about the networks they study than to switch on a mechanical
procedure. Using this knowledge is particularly important.
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