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INTRODUCTION

Cross-cultural survey research, whether it involves a
comparison of cultures, nations or language groups,
usually has to deal with more methodological issues than
an intracultural survey (Van de Vijver 1998; Van de
Vijver & Leung, 1997a,b). Perhaps the most prominent is
the problem of making valid comparisons across cultures.
The comparability of these scores depends on their level
of equivalence.

In the literature several types of equivalence have been
defined (Johnson, 1998). Her we focus on construct
equivalence (van de Vijver 1998; van de Vijver and
Leung, 1997a, b). Construct equivalence implies that
respondents from different cultural groups attach the
same meaning to the construct as a whole. Several
methods have been proposed for evaluating construct
equivalence, which typically consist of a parwise
comparison of factors or dimensions across cultural
groups (e.g., van de Vijver and Leung 19973, b).
Applying these techniques in studies involving a large
number of groups (e.g., Inglehart 1993, 1997; Schwartz
1992) gives rise to two related problems that are
addressed in the present paper. The first one is primarily
technical and involves the rapid growth of pairwise
comparisons of factors across groups when the number of
groupsis large. The second is more conceptual; in a study
involving many groups it is quite likely that not all
cultural groups will have equivalent constructs. The
problem to deal with is to identify homogeneous
partitions of the cultural groups that show construct
equivalence within the cluster. The present paper
proposes three different search strategies for dealing with
the two problems mentioned. These are discussed in the
next section. Some resampling methods to determine
critical values for two of these procedures are also
introduced. In the third section, these strategies are
applied to the data of 1990-1991 World Values Survey
(Inglehart 1993, 1997). The paper ends with a
comparison and a discussion of the results of the three
approaches and their resampling methods.

METHOD

TECHNIQUES FOR EVALUATING CONSTRUCT
EQUIVALENCE

In the current paper, we only discuss the application of
exploratory factor analysis to the assessment of construct
equivalence, because it is a relatively simple technique
that iswidely available in software packages such as SAS
and SPSS. In exploratory factor analysis construct
equivalence is defined operationally as factorial
invariance (Meredith 1993; Rensvold and Cheung 1998;
ten Berge, 1986). This definition implies that a construct
is equivalent across cultural groups if the factor loadings

of the items on the latent factor are invariant across
cultural groups. The agreement between the factor
loadings of items from two different groups can be
expressed via Tucker’s phi (Tucker, 1951). The index
measures the identity of two factors, up to a positive,
multiplying constant. The latter allows for differences in
factorial  eigenvalues  across  cultural  groups.
Unfortunately, the index has an unknown sampling
distribution, which makes it impossible to construct
confidence intervals. Some rules of thumb have been
proposed: values higher than 0.95 are taken to indicate
factorial invariance, whereas values lower than 0.90 (Van
de Vijver and Poortinga 1994) or .85 (Ten Berge 1986)
point to nonnegligible incongruities. As an alternative,
Chan, Ho, Leung, Chan and Y ung (1999) have proposed
a bootstrap procedure to determine a critical value for
these congruence indices when two groups are to be
compared. The next section discusses how exploratory
factor analysis can efficiently be applied in a multiple
group context and develops multiple group resampling
methods to determine critical values for the agreement
indices.

To avoid aggregation errors in hierarchically structured
data (cross-cultural data by definition have such a
structure) a within-subgroups standardisation will be
performed on the data (Muthén 1991, 1994).

METHODS FOR  EVALUATING CONSTRUCT
EQUIVALENCE IN A MULTIGROUP SETTING

Top-down approach. A first approach in the quest for
equivalent partitions of the groups under study, is a top-
down approach. At the start of this approach, the studied
groups are all combined into one set. This set is referred
to as the pooled data set. The pooled data set treats the
groups as if they were all equivalent and originate from
the same population (after correcting for differences in
mean scores and standard deviations across cultures). If
al groups originate from the same population, the
agreement between the individual groups and the pooled
data set should be very high. A low agreement between
the pooled data set and a particular group, on the other
hand, indicates that this group does not belong to the
same parent population as the other groups and should
therefore be removed from the pooled data set. The group
with the lowest agreement to the pooled data set is
removed first. A new, slightly smaller pooled data set is
constructed from the remaining groups and the similarity
of the congtituting groups to this data set can be
calculated again. As before, the group that is least similar
to the pooled data set has to be removed. This process
continues until the similarities between the pooled data
and the individual groups that constitute the pooled data
set are all above a certain critical value (which will be
determined via a resampling procedure, cfr. infra). The
groups that have been removed from the original pooled
data are then pooled so as to start a new series of
evaluations of factorial agreement. Such a repested



application can be expected to lead to partitions of
equivalent groups.

Bottom-up approach. The bottom-up approach
addresses the problem from the opposite direction. It
starts with a matrix of pairwise agreement indices for all
groups in the study. From this matrix, the two groups that
are the most similar are combined to constitute the pooled
data set. Next, the agreement indices between the
remaining groups and the newly constructed pooled data
set are calculated and the group with the highest
agreement to the pooled data is added to the latter. This
iterative process continues until none of the remaining
groups has an agreement index that is above a certain
critical value. The remaining groups are then again
scrutinized for the two most similar countries and the
bottom-up process starts again for these remaining
groups.

Critical values for the bottom-up and the top-down
approach. The previous section mentioned different
ways to determine a critical value for the Tucker's Phi.
Here, multigroup resampling methods are proposed to
determine the critical values for Tucker’s Phi, which are
generalisations of the bootstrap procedure for the two-
group case, developed by Chan et al. (1999).

We first consider the top-down approach. Suppose that
the pooled data set consists of m groups with sample
sizes ny,..., Ny, respectively. The resampling procedure is
as follows:

a) Select m random samples of sizes ng,..., Ny
respectively from the pooled data set.

b) Compute the agreement (via Tucker’s Phi) of
the factors obtained in the m random samples
and the pooled data set.

c) Repesat the two previous steps as many times as
required.

The obtained sampling distribution is the distribution of
the agreement index if the groups under study would be
random samples from the same population, namely the
pooled data set. Groups with an agreement index that is
smaller than the critical quantile of this sampling
distribution, can be conceived as not being drawn from
the general population and should be removed from the
pooled data set.

In the bottom-up approach the groups for which the
sampling distribution has to be obtained, are by definition
not part of the pooled data set and a different resampling
method has to be used than in the top-down approach.
Suppose that the pooled data set has a sample size of N,
and that there are k groups, with respective sample sizes
n,..., N, that are eligible to be added to the pooled data
set. The procedure for the bottom-up approach becomes:

a) Combine the pooled data set and the data set
with groups that are eligible to be added to the
pooled data set. We will refer to this data set as
the joint data set.

b) Select k + 1 random samples of size N, n,...,
ny, respectively from the joint data set.

c¢) Compute the agreement (via Tucker's Phi)
between the random sample of size N (random
pooled data set) and the k random samples of
sizen,,..., ny, respectively.

d) Repeat steps b-c as many times as required.

A few remarks have to be made with regard to the
proposed resampling procedures. First of all, the
resampling procedure for the top-down approach should
not be applied in every step. If it were applied in every
step, this could easily lead to exactly the opposite of what

one wants to achieve (i.e. partitions of equivalent
groups). Removing the least similar group from the
pooled data set makes the latter data set more
homogeneous. As a consequence, resampling from the
new pooled data set yields a higher critical value for the
agreement index than in the previous step. If resampling
were performed in each step of the top-down procedure,
we might end up with a data set that contains only a
single or a least very few groups.

To avoid this problem, we compute a critical value for
the agreement index via the proposed resampling method
a the start of the procedure and keep using this critical
value until all groups in the pooled data set have an
agreement index that is higher than the critical value and
no more groups have to be removed from the pooled data
set. At the start of the next phase a new critical value for
the remaining groups has to be determined. After all, the
pooled data set that is used in this next phase is very
different from the pooled data set from the previous
phase. In the bottom-up approach this problem of
unwanted homogenization does not occur and the
resampling procedure could in principle be used in each
step.

A second remark pertains to the selection of the two most
similar groups from a similarity matrix at the beginning
of each phase in the bottom-up approach. The question is
whether the two most similar groups are similar enough
to be combined in the first place and how to determine a
critical value for this evaluation. In our view, there are
three ways to tackle this problem. First, one can rely on
the rules of thumb that were mentioned in the previous
section. A second approach would be the usage of the
pairwise resampling method developed by Chan et al.
(1999), to determine the critical value. This approach is
not very atractive either as the number of pairwise
comparisons increases rapidly as the number of groups to
be compared becomes larger; it is indeed the purpose of
the bottom-up and the top-down procedures to avoid this
problem. A third possibility, is to use the top-down
resampling procedure on the joint data set. This provides
a sampling distribution for the agreement between
random samples from the joint data set and the joint data
set itself. Since the joint data set can be interpreted as an
average of the populations in the random samples, top-
down resampling seems to congtitute a viable alternative
to an actua pairwise resampling procedure in the
multiple group case.

Heuristic approach.  In this last approach, a matrix of
pairwise agreement indices between the cultural groupsis
used as input for some dimension-reduction technique,
such as cluster analysis.

ILLUSTRATION

The three procedures from the previous section are
illustrated on the basis of the 1990-1991 World Values
Survey (Inglehart 1993, 1997). The study involved atotal
of 47,871 respondents from the following 39 “regions’.
Attitudes toward postmaterialism were examined. The
inventory comprised of 12 items (reproduced in Table 1)
that were presented as three quadruplets. For each
quadruplet a card was shown to the respondent with four
values printed on it (e.g., the first four items of Table 1).
Respondents were asked to rank these items according to
their importance to them. The first rated option got a
score of 3, the second of 2, and the remaining options
received a score of 1.



TABLE 1. Items of the Postmaterialism Scale (I ngelhart, 1993)

Nr ltem Dimension
1 Making sure this country has strong defence forces Materialism
2 Seeing that people have more to say about how things are done at their jobs and Postmaterialism
in their communities
3 Trying to make our cities and countryside more beautiful Pogtmaterialism
4 Maintaining order in the nation Materialism
5 Giving people moreto say in important government decisions Postmaterialism
6 Protecting freedom of speech Pogtmaterialism
7 A stable economy Materialism
8 Progress toward a less impersonal and more humane society Postmaterialism
9 Progress toward a society in which ideas count more than money Postmaterialism

Note. The materialist items “ Maintaining a high level of economic growth,” *“Fighting rising prices,” and “ The fight

against crime”’ were not analysed (see text).

The scoring of the inventory introduces linear
dependencies among the data. Each set of values
presented on a single card gets a sum score of 7 (being
the sum of one score of 3, one score of 2, and two scores
of 1). So, the whole instrument has three linear
dependencies. Factor analysis may not seem the most
appropriate statistical technique here, because of the
existence of these dependencies and the, by definition,
negative intercorrelations of ipsative scores which may
influence the results of a factor analysis. Alternative
techniques could be used that are not susceptible to these
problems such as multidimensional scaling or unfolding
techniques. However, a study by Van Deth (quoted in
Inglehart 1997, p. 123) has shown that for the Inglehart
data these techniques show results similar to factor
analysis. Therefore, it was decided to apply the latter.
Linear dependencies were reduced by omitting one
materialist item of each set of four that were jointly
presented (see Table 1 for an overview of the selected
items). Materialist items were omitted because
Inglehart’ s thesis primarily involves postmaterialism.

RESULTS

A SAS® macro 'AGREETUCK' ! was developed to
perform the top-down and the bottom-up procedure a
well as the suggested resampling procedures on a given
data set. The macro uses Tucker's phi (1951) as a
measure for the agreement between the factor loadings.
As explained previously, the resampling method for
determining a critical value for the Tucker's phi was only
applied at the start of a new phase in the aggregation
(bottom-up) or the disaggregation (top-down) process.
The critical value obtained from this resampling
procedure was then used throughout the entire phase.

In the bottom-up as well as in the top-down procedure,
the number of iterations for the resampling procedure
was chosen in such a way that about 2000 estimates for
the Tucker's phi were obtained. An alpha level of 0.05
was used to determine a critical value from the obtained
sampling distribution.

Results of the top-down approach.  The results of the
top-down procedure are shown in Table 2. This table
shows that, besides Japan, the first set of countries
contains most of the Western European and both
Northern American countries. The second set of
equivalent regions seems to be a heterogeneous mixture,
containing some Western European, Latin American and
African regions. A third set contains mostly Eastern
European countries and Brazil. In the fourth phase of the
procedure, eventually only one country (South Korea)
remained in the pooled data set. Apparently South Korea

is dissimilar from all the other remaining regions. At first,
this might seem a counter-intuitive result. One might
expect exactly the opposite: if South Koreais so different
from the other remaining countries, then why was it not
removed first? There are a least two reasons for this
result. First of all, the fact that South Korea is dissimilar
from the other regions, does not imply that the other
regions are similar to each other. Table 2 shows that in
Phase 5 through 8, the remaining regions are split up into
4 sets. This explains why South Korea was not the first
region to be removed from the pooled data set: the other
remaining regions do not form a monolithic bloc. This,
however, does not explain why South Korea is the only
region left in the pooled data set. The latter is due to the
fact that eliminating regions from the pooled data set,
inevitably changes the pooled data set, especially when
only few and heterogeneous regions are involved. Thus,
the instability of the pooled data set when removing
regions from a small heterogeneous set, can trigger such
results as in the fourth phase of the top-down procedure.
Phase 5 through 7 yield small and heterogeneous sets of
regions. Poland is a clear outlier. In every phase, it was
the first region to be removed from the pooled data set.
Its Tucker's phi for the agreement with the pooled data
set from the first phase (which contained all regions) was
only 0.58, whereas the Tucker's phis for the other regions
were around 0.90 or higher (van de Vijver and Poortinga,
in review). Table 2 also illustrates another feature of the
top-down approach that may turn out to be a fairly typical
feature: larger sets of countries with a fairly
homogeneous set of factor loadings tend to be extracted
first as they have a relatively large impact on the pooled
set because of their number, while single countries
(‘outliers’) areretrieved in a later stage.

TABLE 2: Results of the top-down procedure

Critical
Phase  Members (in alphabetical order) value
1 Austria, Belgium, Canada, Denmark, 0.9817
France, Italy, Japan, The Netherlands,
Northern Ireland, Norway, Spain, Sweden,
U.SA., West Germany
2 Chile, Icdland, Ireland, Mexico, Nigeria, 0.9736
Portugal, Russia, South Africa, United
Kingdom

3 Belarus, Brazil, Bulgaria, Czechoslovakia, 0.9592
Estonia, Hungary, Latvia, Lithuania,

M oscow
4 South Korea 0.9704
5 East Germany, India 0.9589
6 China, Turkey 0.9527
7 Finland 0.8389
8 Poland --




To determine what distinguishes the sets that were found
for the top-down approach, the pooled factor loadings for
the first three clusters and Poland are displayed in Table
3.

TABLE 3: Pooled factor loadings for clusters 1-3 of
the top-down approach and Poland

applied at the beginning of a phase. The obtained critical
value was used throughout the phase.
The two pairwise most similar regions at the beginning of
aphase are shown in bold in Table 4.

TABLE 4: Results of the bottom-up procedure

Item Cluster 1 Cluster 2 Cluster 3 Poland
1 -0.31 -0.34 -0.36 -0.44
2 0.55 0.65 0.64 0.72
3 0.13 -0.13 -0.24 -0.53
4 -0.67 -0.70 -0.80 -0.71
5 0.53 0.65 0.77 0.78
6 0.34 0.27 0.27 0.04
7 -0.69 -0.58 -0.38 0.28
8 0.59 0.51 0.43 -0.22
9 0.48 0.42 0.29 0.27

Note. In order to make loadings comparable across
clusters, the loadings of the last three columns have been
multiplied by a constant so as to equate the eigenvalues
of the factor across the clusters.

The differences between the first two clusters are
relatively small, but meaningful. Whereas in the first
cluster (with affluent countries such as Canada, France,
Italy, the U.SA., and West Germany) there is more
emphasis on progress towards a humane society in which
ideas count more than money, in the second cluster (with
countries such as Chile, Mexico, Russia, South Africa,
and the United Kingdom) the need for more say in
decisions on the job and by the government is slightly
more emphasized. In the third cluster (mainly consisting
of Eastern European countries) making the countryside
more beautiful is a materialist item, there are relatively
high loadings for getting more say in decisions and
relatively low loadings for progress towards a more
humane and a society in which ideas count more than
money. On the other hand, materialism is mainly
characterized by maintaining order in this cluster. The
third cluster seems to have fewer strong indicators for
both materialism and postmaterialism.

In Poland, the item about making cities and countrysides
more beautiful is a strong indicator of a materialist
atitude. In contrast to the first three clusters, the item
about obtaining a stable economy and the item about
progressing to a more humane society are indicative of a
posmaterialist and a materialist attitude, respectively.
The item regarding freedom of speech is neither an
indicator of materialism nor of postmeterialism. The
factor pattern of Poland is clearly different from the
factor patterns of the first three clusters. As these data
were collected in the beginning of the 1980s, the
deviance of the pattern of Poland may be due to societal
upheaval, as in those days Solidarity began to challenge
the communist regime.

Results of the bottom-up procedure.  Table 4 shows the
results of the bottom-up procedure. The resampling
method from the top-down procedure was used to
determine the critical value for the pairwise similarities.
As discussed, this critical value serves to determine
whether the two most similar countries from the pairwise
similarity matrix are similar enough to start a new phase
of the bottom-up procedure. These critical values are
reported in the column 'PW critical value'. The column
'BU critical value’ reports the critical values from the
bottom-up resampling procedure. The latter were used to
determine which regions could be added to the pooled
data set. The bottom-up resampling procedure was only

PW BU
critical ~ critical
Phase  Members (in alphabetical order) value  vaue
1 Austria, Belgium, Canada, 0.9817 0.9753

Denmark, France, Italy, Japan,
The Netherlands, Northern
Ireland, Norway, Spain,
Sweden, U.SA., West Germany
2 Chile, Hungary, Iceland, 0.9736 0.9657
Ireland, Latvia, Mexico,
Moscow, Nigeria, Portugal,
Russia, South Africa, United

Kingdom

3 Brazil, Czechoslovakia, Estonia, 0.9616 0.9466
Lithuania

4 Belarus, Bulgaria 0.9673 0.9527

5 South Korea 0.9718 -

5 China 0.9718 -

5 Finland 0.9718 --

5 Poland 0.9718 --

5 India 0.9718 --

5 Turkey 0.9718 --

The first set of the bottom-up procedure contains exactly
the same regions as the first set of the top-down
procedure. The second set also conforms quite well to the
second set of the top-down approach: the former contains
the same countries as the latter plus Hungary, Latvia and
Moscow. This adds a bit more Eastern European 'flavour’
to this second set. The third and the fourth set also mainly
consist of Eastern European countries. From the fifth
phase on, none of the remaining countries had a pairwise
Tucker’s phi that was larger than the pairwise critical
value for that phase. Hence, no more equivalent sets can
be formed among these countries and they have to be
treated as separate cases.

The factor pattern of the first cluster is the same as was
shown in Table 3 (cluster 1), that of the second cluster is
not very different from the factor patterns of cluster 2 and
3inTable3.

Heuristic procedure. Three hierarchical clustering
methods were used to reduce the dimension of the matrix
of pairwise Tucker’s phi coefficients between the regions,
namely complete linkage, average linkage and Ward's
minimum variance method (Everitt, 1993). The cluster
solutions for these three methods are shown in Table 5.
All in all, there is quite some agreement between the
three cluster methods. The complete linkage and the
average linkage method only differed in that some
clusters from the complete linkage method were split up
in the average linkage method. Cluster 1 is completely
the same for both methods. With a few exceptions, this
also holds for Ward's method. Actually, only Nigeria and
India were placed in completely different clusters than in
the complete and average linkage case.

Cluster 1 from the complete and average linkage
methods, and clusters 1 and 2 from Ward’'s method are
roughly the same as the sets that were found in phase 1 of
the bottom-up and the top-down procedure. Regions that
are usually judged similar by the hierarchical cluster
techniques, could often also be found in the same set in
the bottom-up and the top-down approach.



TABLE 5: Cluster s obtained via complete linkage, average linkage and Ward’s minimum variance method

Cluster Complete linkage Average linkage Ward's method

1 Austria, Belgium, Canada, Denmark, Austria, Belgium, Canada, Denmark, Canada, Finland, France, |celand, Japan,
Finland, France, Iceland, Japan, Finland, France, |celand, Japan, Northern Ireland, Sweden, United
Netherlands, Northern Ireland, Norway, Netherlands, Northern Ireland, Norway, Kingdom, USA
Spain, Sweden, United Kingdom, USA,  Spain, Sweden, United Kingdom, USA,
West Germany West Germany

2 Brazil, Czechoslovakia, Estonia, Brazil, Czechoslovakia, Hungary Austria,Belgium, Denmark, India,
Hungary, Latvia, Lithuania, Nigeria Netherlands, Norway, Spain, West

Germany

3 Belarus, Bulgaria, Chile, Ireland, Italy,  Estonia, Latvia, Lithuania, Nigeria China, South Korea
Mexico, Moscow, Portugal, Russia,
South Africa

4 Turkey Chile, Ireland, Italy, Mexico, Portugal,  Chile, Ireland, Italy, Mexico, Nigeria,

South Africa Portugal, South Africa

5 China, South Korea Belarus, Bulgaria, Moscow, Russia Belarus, Bulgaria, Moscow, Russia

6 Poland India Turkey

7 East Germany, India East Germany East Germany

8 China Brazil, Czechoslovakia, Estonia,

Hungary, Latvia, Lithuania

9 South Korea Poland

10 Turkey

11 Poland

A more formal account of the similarity between the five
proceduresis given in Table 6.

TABLE 6: Proportion of identically classified
countries among the five procedures

T-D B-U CL AL w

Top-down 1

Bottom-up 0.93 1

Completelinkage  0.83 0.82 1

Average linkage 0.84 0.83 0.95 1

Ward' s method 0.82 0.80 0.85 0.88 1

This table was constructed as follows. Within each
procedure al countries were first compared pairwise (this
yields 741 comparisons). If the countries in the
comparison were in the same equivalent set or cluster for
that procedure, the outcome of the comparison was 1, and
0 otherwise. Subsequently, these results were used to
compare procedures. Table 6 shows, for each
combination of procedures, the proportion of pairwise
comparisons with the same result (a value of 1 for both
procedures or a value of 0 for both procedures).

It can be seen in Table 6 that the results of the complete
linkage clustering and the average linkage clustering
were most similar. Also the bottom-up and the top-down
procedure yield quite similar results. The similarity
between the bottom-up and the top-down procedure on
the one hand and the hierarchical clustering approaches
on the other hand is a bit lower, but is still well above
80%. Overall, 71% of the groups involved were classified
identically across all 5 procedures. In sum, the overall
agreement of the procedures is substantial but far from
optimal.

CONCLUSION AND DISCUSSION

The general agreement between the bottom-up and the
top-down procedure on the one hand and the hierarchical
clustering approaches on the other hand, to some degree
supports the proposed resampling procedures for the
former approaches. If a value of 0.90 as a rule of thumb
were used as the critical value for Tucker’s phi, the top-
down procedure would yield one large set of equivalent
regions, except for Poland and Lithuania. This partition
of the data is clearly not supported by the results of the

heuristic approach. Hence, we advise against using rules
of thumb for determining critical values in the quest for
equivalent partitions in a multiple group context. Chan et
a. (1999) have argued similarly in the context of
pairwise comparisons.

In the analysis of the World Values Survey data, Tucker’'s
phi was used to assess the similarity between the factor
loadings. It might well be, however, that other
congruence indices will yield better results. Monte Carlo
studies are necessary, firstly to evaluate which of the
three proposed procedures yields the best results and
secondly to determine whether or not some congruence
indices are more suitable for use with these three
procedures.

A final remark pertains to the use of Procrustes rotation
in the assessment of factorial agreement. This rotation
procedure has to be applied when assessing the factorial
agreement of multiple constructs simultaneously, because
the rotation of the factors in the latent trait space is
arbitrary and hence will most certainly differ across
cultural groups. The Procrustes rotation serves to rotate
the factors in such a way that their agreement is
maximised. It has been noted, however, that target
rotation procedures are “too lenient” for the data and that
rules of thumb tend to overestimate factorial similarity
((Bijnen, Van der Net and Poortinga, 1986, Van de
Vijver and Poortinga, 1994). In the present illustration
only one factor was extracted, in which case no rotation
is possible. In our view, the resampling methods
proposed here may overcome the problem of lenient
criteria for evaluating factorial agreement by applying
more appropriate critical values.
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