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Abstract

Background

We examined the equivalence of the individual and the country-level factor structure of the
Belief in a Zero-Sum Game (BZSG) scale, a tool designed to measure antagonistic beliefs
about social relations (i.e., perceived social antagonism) in the struggle for limited
resources.

Aims

In this article we focused on a test of construct isomorphism in a multilevel modeling
approach. It was hypothesized that the BZSG measure satisfies all requirements for a
strong level of configural isomorphism, and thus that it is useful to investigate BZSG at both
the individual and the country levels. The relationships between the BZSG at a country level
with other macro-socio-economic indicators were also investigated.

Method

Multilevel confirmatory factor analysis (MCFA) was carried out on a cross-country sample
composed of 11,368 participants from 43 different countries. We also used the country-level
latent BZSG factor in each country as an indicator of a property that we attributed to a partic-
ular culture: cultural dimension (collectivism-individualism), macroeconomic indicators
(GDP per capita and GNI per capita) and macrosocial indicators (Human Development
Index and Democracy Index) describing societies.

Results

The results revealed an isomorphic factor structure of perceived social antagonism (mea-
sured by BZSG scale), defined in terms of the equivalence factor structure at the both indi-
vidual and country levels. Furthermore, the relationship between the perceived social
antagonism, gross national income per capita, and collectivism were confirmed.
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Conclusions

Our study supports the usefulness of the BZSG scale for cross-cultural comparison, in the
case of its isomorphic structure. At the country level, antagonistic beliefs emerge in hierar-
chical collectivist societies with lower income. The main contribution of this article is the pre-
sentation of the test of construct isomorphism. We made an effort to present a full
perspective on construct isomorphism putting together two different but very recent
approaches.

Introduction
Multilevel cross-cultural approach

Hofstede [1] claims that culture is shared among individuals, which statistically means that
people are nested within culture. However, in previous large cross-cultural studies, Hofstede’s
approach was based only on the country-level analysis, because Hofstede identified four value
dimensions at the country level but did not find matching dimensions at the individual level.
From the other side, Schwartz and Bilsky [2] proposed a value-based model presented at the
individual level. Even Schwartz [3] discriminated different sets of value constructs at individ-
ual and country levels (ten individual value types versus seven cultural values); this was based
on separate analyses per level. Regardless of these single-level approaches, individual- and
country-level data should be analyzed simultaneously via multilevel models [4,5].

In addition to axiological values [3], some epistemological belief constructs seem to exist at
both individual and country levels; these are called social axioms, defined as “generalized
beliefs about oneself, the social and physical environment, or the spiritual world, which form
an assertion about the relationship between two entities or concepts” ([6], p. 289). Social axi-
oms are proposed as fundamental psychological constructs tapping a person’s beliefs about the
social world [7]; they help their holders to navigate social situations [8]. Bond et al. [9], ana-
lyzed the factor structure of social axioms at both the individual and country level, using data
collected from 41 cultures; where soci(et)al cynicism appeared as an isomorphic axiom, i.e., was
equivalent across both levels [10-12].

Another recently identified social axiom is a “general belief about the antagonistic nature of
social relations, shared by people in a society or culture and based on the implicit assumption
that a finite amount of goods exists in the world, in which one person’s winning makes others
the losers” ([13], p. 526). Stemming from game theory [14], it appears that there are relatively
permanent convictions that social relations are like a zero-sum game (i.e., antagonistic), which
can be measured using the Belief in a Zero-Sum Game (BZSG) scale [13].

Belief in a zero-sum game (BZSG) scale

To measure the belief that life is conceived as a zero-sum game (i.e., perceived social antago-
nism), the BZSG scale was developed [13]. The tool consists of eight items reflecting beliefs
about antagonistic competition over scarce resources. This scale was first used in a study on a
Polish national sample (N = 1,133), and psychometric properties of the BZSG scale have
already been described [15]. Moreover, several experimental and correlational studies have
been performed with different samples, which found that the BZSG correlates with a host of
judgmental and behavioral variables [13,16].
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Next, the reliability and validity of the scale was investigated across 37 countries (N = 6,138)
[13], and finally the measurement invariance of the one-factor 8-item BZSG scale was sup-
ported at the individual level (N = 9,907) across 36 countries in multigroup confirmatory fac-
tor analysis (MGCFA) [16]. Although previous results have confirmed the measurement
invariance of the BZSG scale, the cross-level equivalence (i.e., a test of construct isomorphism)
has not been investigated.

Based on Cheung et al. [4], who evaluated the individual- and country-level structures of
social beliefs, we were interested in the cross-level equivalence of the BZSG scale measuring
perceived social antagonism in relations.

Individual- and country-level of the BZSG scale

Based on previous findings, we suggest that BZSG appears as a personal worldview and as a
cultural ideology in a given country. Whereas at the individual level, people fight over limited
resources, similar phenomena are encountered at the country level between groups and
nations. At the individual level, the 37-nation study (with a different sample) found that people
who believed that social relations are like a zero-sum game tended to trust others less, have
lower self-esteem, and perceive their economic status as lower than others [13]. At the country
level, it was found that BZSG was more prevalent in countries with lower income. Although
other correlates of BZSG were found, such as collectivism, social development, or democracy,
only collectivism (positive relationship) and income (negative relationship) proved to be sig-
nificant predictors within multilevel modelling [13].

Taking these results into account, it seems that BZSG emerges in hierarchical collectivist
societies with an economic disparity of scarce resources. Economically deprived countries are
more likely to view the social world as an arena for a fierce fight over the limited amount of
wealth and are also more susceptible to conflicts [17]. However, neither collectivism nor
national income were investigated in the multilevel factor model BZSG that included country-
level variables. Such an investigation would be useful for describing the vulnerable conditions
for shaping antagonistic beliefs and behavior within individuals.

We postulate that antagonistic beliefs about social relations (i.e., perceived social antago-
nism measured by the BZSG scale) is an isomorphic axiom, which influences how individuals
or nations perceive their relationship in situations where their interests are interdependent in
the context of limited resources. In other words, we assume that the BZSG scale operates iso-
morphically at the individual and country level of analysis, namely that it manifests as the
same latent construct (is measured in the same way) at both levels (hypothesis 1).

The confirmation that the BZSG scale measures the same construct at both the individual
and the country level, allows for using the country-level latent BZSG factor scores in each
country as an indicator of a property that we can attribute to a particular culture. In other
words, we expect to confirm that the BZSG measure satisfies all requirements for a strong level
of configural isomorphism, and thus that it is useful to investigate BZSG at both the individual
and the country levels. We start by testing configural isomorphism, computing the fit of a uni-
dimensional model for the BZSG scale, where the hypothesis of BZSG as an isomorphic con-
struct was formally tested by performing specific tests of construct isomorphism [18].

Based on previous findings, we also assumed the negative relationships between the BZSG
scale at a country level with objective macro-socio-economic variables such as: individualism,
a country’s standard of living (measured by GDP per capita, GNI per capita, and Human
Development Index), and a country’s state of democracy (measured by the Democracy Index;
hypothesis 2). In other words, we expect that citizens share antagonistic beliefs about social
relations to a lesser extent in more individualistic countries with a higher standard of living
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and a higher level of democracy compared to more collectivistic countries with less wealth and
a lower level of democracy. In individualistic countries, people are expected to be independent
in acquiring resources, while in collectivist countries the distribution of goods is associated
with belonging to the group. We can assume that in highly developed countries, in which citi-
zens are more salaried, their needs are more satisfied. So, antagonistic beliefs about social rela-
tions shared in such a society are weaker.

Testing construct isomorphism

Several methodologies have been proposed for investigating different aspects of the broad
issue of measurement invariance [19] or measurement equivalence [20]. One set of methodol-
ogies addresses a specific aspect of measurement equivalence, namely construct isomorphism
(see [21,22]), and points to structural identity at the different levels. Therefore, differences
between individuals and differences between countries on psychological values can be
explained in terms of the same concepts or dimensions. In other words, the psychological
nature of human individuals determines the structure of beliefs or values, where aspects of
societies (country-level factors) can have an indirect impact on these individual-level factors,
but do not influence the belief or value structure [18]. While individuals have their own beliefs
about social relations, the beliefs that are shared are identifiable at the country level of analysis.
This is an example of ideal form of bottom-up processes, which is rooted in a theoretical
model of isomorphism, where lower-level data are assumed to be similar to the higher-level
construct [23,24].

Psychometrically, measurement invariance across different levels of analysis is called iso-
morphism [22,25,26]. According to Tay et al. [22], when the same number of factors and the
same pattern of free and fixed loadings exists at the individual and at the country level, strong
configural isomorphism is said to occur. When the same number of factors is ascertained at
the individual and country level, but the pattern of fixed and freed loadings is different, there
is a condition of weak configural isomorphism. When none of the above conditions occur (dif-
ferent number of factors, different pattern of fixed and free loadings), there is no evidence of
isomorphism. According to Jak [21], strong construct isomorphism can occur in two forms.
In the first stronger type, construct isomorphism entails both: (1) equality of factor loadings
across levels of analysis, and (2) zero residuals at the higher level of analyses (in our case, the
country level). As shown by Jak, Oort, and Dolan [27], this model translates to a multiple
group model assuming strong factorial invariance across countries holds, and attests that the
items composing the BZSG scale have the same interpretation across levels. Loosely speaking,
no cause other than the common factor is exerting an influence on the observed indicators.
Another, less restrictive form of construct isomorphism, instead requires an equality con-
straint on loadings across levels but lets the residual at the higher level be freely estimated.
Interestingly, when using this model the causes of these residuals can be investigated by adding
external variables to the model.

Because one of the challenges for cross-cultural psychology is not only to ascertain the
equivalence of the construct meaning and measurement, but also to identify structures of psy-
chological constructs both at the individual and country levels [18], we conduct a test of iso-
morphism of the BZSG scale across levels.

Materials and methods
Participants and procedure

Data were collected from 11,368 participants in 43 countries at two time points. The first wave
(N=5,158, 37.1% men) [13] consisted of student samples from 30 countries. The mean age of
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students was 21.25 years (SD = 4.71) and they were studying social sciences or business. The
second wave (N = 6,210, 39.5% men) ([16] five countries were added as a new data) consisted
of student samples from 30 countries with a mean age of 21.54 years (SD = 4.80), and the dis-
tribution of academic affiliations was similar to that of the first wave. Seventeen countries con-
tributed samples in both waves (Belgium, Brazil, Bulgaria, China, the Czech Republic, the
United Kingdom, Hungary, India, Japan, Poland, Portugal, Russia, Serbia, Slovakia, South
Africa, Spain, and Vietnam), so that these two phases allowed us to put together 60 samples
from 43 countries.

All samples were composed of college students, recruited as volunteers, some of whom
received course credit for participation. The protocol of this study was approved by the Ethics
Board for Research Projects at the Institute of Psychology, University of Gdansk. According to
the local law of different universities, no written permission from participants was required, as
data were collected and analyzed anonymously. Participants were assured that their data
would remain anonymous and confidential. However, we followed APA standards and the
Declaration of Helsinki during data collection. Information on sample composition is pro-
vided in Table 1. Participants completed a paper and pencil version of the BZSG scale while
also reporting age and sex.

Measures

Belief in a zero-sum game. The BZSG scale [13] consists of eight items (e.g., “Life is so
devised that when somebody gains, others have to lose”, “The wealth of a few is acquired at the
expense of many”). These items all reflect beliefs about antagonistic competition over scarce
resources. The BZSG scale was translated into 20 languages (Armenian, Bulgarian, Chinese,
Czech, Estonian, Flemish, French, Georgian, German, Hungarian, Japanese, Polish, Roma-
nian, Serbian, Slovakian, Portuguese, Spanish, Russian, Ukrainian, and Vietnamese). National
versions of the scale were created by bilingual individuals working in psychology or at the uni-
versity using the back-translation procedure with the English version as the basis for all trans-
lations. In the first wave we used a seven-point scale (from 1 = strongly disagree to 7 = strongly
agree), whereas in the second wave we used a six-point Likert scale (from 1 = strongly disagree
to 6 = strongly agree). The second wave was a part of a larger project using various tools, so it
was necessary to unify the scale of responses in that project. Linear equations were used to
transform the six-point scale scores into seven-point scale scores. Before transforming and
combining the data, we tested scalar (strong) invariance of both measurements (see [16]).

Participants completed a paper and pencil version of the BZSG scale as a subjective mea-
sure. To examine the relationship with macro indices, we used objective measures, such as:

Gross domestic product (GDP) per capita and gross national income (GNI) per cap-
ita. GDP per capita was calculated as the aggregate of all final goods and services produced
within a nation in a given year divided by the population size; while GNI per capita was the
value of final income earned by a country’s residents (divided by country’s population) includ-
ing income earned abroad. Thus, GDP measures production, while GNI measures pure
income. We used GDP per capita and GNI per capita in 2015, converted at market exchange
rates to current U.S. dollars from statistical database compiled by the United Nations Statistics
Division [28].

Human Development Index. The Human Development Index (HDI) is a summary mea-
sure of average achievement in key dimensions of human development: a long and healthy life,
being knowledgeable, and having a decent standard of living. The health dimension is mea-
sured using life expectancy at birth. The education dimension is measured using mean years of
schooling for adults aged 25 years or older and expected years of schooling for children of
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Table 1. Samples composition, Cronbach’s alphas and descriptive statistics of BZSG in 43 countries.

Age BZSG

Country N % of men M SD Cronbach’s alpha M SD

Armenia 220 52.3 19.00 1.16 .83 3.61 1.31
Azerbaijan 117 37.6 20.84 1.88 .89 3.66 1.17
Belgium 478 15.7 19.06 2.96 .83 3.29 1.03
Brazil 324 47.2 22.38 6.72 77 3.22 1.03
Bulgaria 301 29.2 23.15 5.20 .86 3.48 1.18
Canada 83 72.3 22.84 2.16 .85 3.60 1.22
China 467 41.8 20.68 2.21 .82 4.07 1.03
Colombia 140 50.0 19.09 3.98 .89 3.32 1.27
Czech 345 28.4 24.06 7.68 .82 2.89 .87

Dominican 100 52.0 22.65 5.71 .69 4.13 1.02
Estonia 303 29.7 23.62 7.07 .90 3.42 1.12
Finland 102 14.7 23.45 5.35 .80 3.37 .83

Georgia 100 21.0 20.18 2.76 .70 3.99 .97

Germany 296 16.2 22.83 8.04 .80 3.31 .96

Honduras 108 14.8 22.61 4.47 .73 3.89 1.15
Hungary 311 30.5 21.23 1.99 .84 3.29 1.07
India 304 41.1 22.73 1.75 .82 4.14 1.22
Indonesia 200 50.0 21.38 1.65 .88 3.53 1.26
Iran 199 50.3 21.31 1.51 .78 4.25 1.49
Israel 125 24.8 24.03 2.24 .89 2.93 1.05
Japan 413 57.9 19.90 2.24 .84 3.78 1.11
Latvia 161 32.3 29.02 9.59 .95 4.24 1.26
Mexico 228 50.4 22.55 4.96 .87 4.08 1.46
Nepal 190 51.1 22.64 4.43 .74 4.26 1.17
Pakistan 200 51.0 21.49 1.60 .86 3.89 1.31
Panama 176 66.5 21.63 5.71 .85 3.51 1.25
Philippines 108 34.3 16.75 1.34 .80 3.88 .97

Poland 448 36.8 22.00 3.41 .90 3.29 1.15
Portugal 264 34.5 21.77 6.11 .87 3.42 1.15
Puerto Rico 299 57.2 20.25 2.23 .84 3.56 1.29
Romania 207 51.2 21.49 4.25 .90 3.83 1.32
Russia 397 15.1 20.27 2.72 .86 3.15 1.04
Serbia 400 44.3 22.39 5.74 .86 3.82 1.25
Singapore 108 42.6 20.97 1.93 .84 3.99 91

Slovakia 386 27.7 21.26 1.65 .83 3.48 94

South Africa 369 53.4 19.92 2.40 .85 3.72 1.18
South Korea 211 45.5 22.19 1.92 .89 3.93 1.03
Spain 330 35.5 20.40 4.88 .85 3.92 1.17
Taiwan 298 67.8 21.55 2.49 .80 4.34 95

United Kingdom 466 18.9 19.73 2.60 .87 3.55 1.05
Ukraine 301 29.6 18.71 1.57 .76 4.16 1.02
USA 444 33.6 23.01 9.12 .87 3.30 1.06
Vietnam 341 46.0 20.44 2.34 .76 4.20 1.09
Total 11,368 38.4 21.41 4.76 .85 3.66 1.17

https://doi.org/10.1371/journal.pone.0203196.t001
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school-entering age. The standard of living dimension is measured using gross national
income per capita. The HDI uses the logarithm of income to reflect the diminishing impor-
tance of income with increasing GNI. The scores for the three HDI dimensions are then aggre-
gated into a composite index using the geometric mean [29]. We used data from 2015
available in Human Development Reports compiled by the United Nations Development Pro-
gramme [29].

Democracy Index. The Economist Intelligence Unit’s Democracy Index is based on five
categories: electoral process and pluralism, civil liberties, the functioning of government, polit-
ical participation, and political culture. The five categories are interrelated and form a coherent
conceptual whole. The condition of having free and fair competitive elections, and satisfying
related aspects of political freedom, is clearly the basic requirement of democracy [30]. We
used data from 2015 available in a report compiled by The Economist Intelligence Unit [30].

Collectivism-individualism. Collectivism, as a cultural dimension, represents a prefer-
ence for a tightly knit framework in society in which individuals can expect their relatives or
members of their in-group to look after them in exchange for unquestioning loyalty. Its oppo-
site, individualism, can be defined as a preference for a loosely knit social framework in which
individuals are expected to take care of only themselves and their immediate families [31]. We
used scores on the collectivism-individualism dimension based on Hofstede et al.’s [31] stud-
ies. The data originates from different years, and was collected for 76 countries, partly based
on replications and extensions of the IBM study on different international populations and by
different scholars.

Analytic strategy

To investigate the isomorphism of the BZSG scale across the individual and country levels, we
conducted MCFAs in several successive steps following recommendations by Byrne and van
de Vijver [32], who provided a procedure for the test of multilevel equivalence, analogous to
the strategy used in multigroup modeling. In Step 1, a single-level CFA with robust maximum
likelihood estimation and standard errors adjusted to account for cluster sampling (i.e., nested
data) was used to establish the fit of the hypothesized one-factor model to the overall sample.
This single-level CFA was performed on the variance/covariance matrix of the observed items
that blurs the country and individual level of analysis. Then, we computed Muthén’s [25] intra-
class correlation coefficient (ICC) for each of the eight items of the BZSG scale. The ICC is cal-
culated from a ratio of the maximum likelihood estimates of the latent within and between
variance components, assuming random level effects. It ranges in value from 0 to 1, with
higher values of the ICC indicating greater proportions of between-level variance and thus,
greater bias if the multilevel nature of the data is not taken into account. In general, published
studies used an ICC value of .10 as a cut-off criterion to conduct MCFA [26,33].

In detail, in Step 2 we investigated the fit of the one-factor model for the BZSG at the indi-
vidual level, by letting the country level variance/covariance matrix be unstructured. In Step 3,
we retested the fit of the one-factor model at the country level while letting the pooled individ-
ual-level variance/covariance matrix be unstructured. Then, in Step 4, we investigated the con-
figural invariance of the BZSG scale across the individual and country level, by performing an
MCFA based on the results of the previous steps, with: (1) loadings at the individual and at the
country level, and (2) residuals at the between level freely estimated.

Finally, in Step 5, following guidelines from Jak [27], we investigated strong construct iso-
morphism by fitting a model with equal factor loadings across the within- and between-coun-
try level and zero residual variance at the country level to the data. Depending on the results
offered by this model, we will estimate a further model similar to the one described above, but

PLOS ONE | https://doi.org/10.1371/journal.pone.0203196  September 28, 2018 7/15


https://doi.org/10.1371/journal.pone.0203196

iggl’L‘)S;|ONE

Isomorphism of the BZSG scale

without the constraint of zero residual variances at the between-countries level (Step 6). Differ-
ently from the previous model, this latter model allows for country-level differences that the
common factors do not account for (captured by significant item residuals), and thus allow us
to model measurement bias across countries. Following Jak [34], we will use parameter esti-
mates obtained under this model to estimate the degree of country bias affecting the individu-
als’ responses to the BZSG items.

In the last step (i.e., Step 7), we will use the best fitting model resulting from the above
described analytical steps to investigate country-level differences in the common factor means,
or BZSG, determined by between-country differences in GNI per capita, GDP per capita, HDI,
the Democracy Index, and the collectivism-individualism dimension. We also used the above-
mentioned measures for exploring potential sources of measurement bias across countries
[35].

Statistical analysis

We used Mplus 8 to estimate all models with robust maximum likelihood estimation (MLR),
which produces standard errors robust to non-normality of the data. Model fit was assessed
according to the following criteria. First, we used the ¥~ -statistic as offered by the MLR algo-
rithm that is asymptotically equivalent to the Yuan-Bentler T2 test statistic [36]. The signifi-
cance of this ” statistic indicated that the hypothesis of model exact fit to the data should be
rejected. However, the rate of false mode rejection with large sample sizes and small degrees of
model misspecification is high. Thus, we complemented the % with other alternative goodness
of fit indices, such as: the comparative fit index (CFI), the root mean square error of approxi-
mation (RMSEA), and the standardized root mean square residual (SRMR). The critical value
of the chi-square is sensitive to large sample sizes and easily produces a statistically significant
result [37]. Following Brown’s [38] recommendations, we accepted CFI values greater than
.90, and RMSEA and SRMR (at both individual- and country-levels) values lower than .08.

As the difference between two scaled chi-squares for nested models is not distributed as a
x°, the tenability of the constraints imposed for testing measurement invariance was examined
with the scaled difference chi-square [39]. Moreover, as the SBy” test has substantial power in
large samples [37] we supplemented this statistic with the ACFL. In this regard, Cheung and
Rensvold wrote that “it makes no sense to argue against the usefulness of the chi-square and
rely on various goodness-of-fit indices (GFI) to evaluate the overall model fit, and then argue
for the usefulness of the chi-square instead of various GFIs to test for measurement invariance”
([40], p. 252). Based on their simulation study, the authors recommended that investigators
consider a difference in CFI larger than .01 as indicative of a meaningful change in model fit.
Although we present both the SBy> and ACFI, we based our decisions about the equivalence of
the models on the latter index, in accordance with the suggestion of Cheung and Rensvold
[40]. Finally, following Jak [21], tests of significance of residual variances at the country level
were conducted by using an alpha level of .01 instead of .05, to decrease the risk of capitalizing
on chance. Moreover, the proportion of country-level bias in country-level variance (BIAS oun)
and the proportion of country-level bias in total variance (BIAS,,,) were estimated according
to equations reported in Jak ([21], p. 81).

Results
Preliminary analyses

Before proceeding with the single-level CFA and MCFA, we examined the distribution of the
BZSG scale items, in order to ascertain if there was any substantial deviation from normality.
We found that skewness (M = .24, SD = .28) and kurtosis (M = -.72, SD = .23) were acceptable.
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Table 2. Single-level and multilevel CFA of BZSG scale.

Model

ML. Single-level

M2. Within

M3. Between

M4. Multilevel configural

MS5. Strong Isomorphism
+ zero between-level residuals

MBé. Strong Isomorphism
+ free between level residuals

M5 vs M4
M6 vs M4

Note.

x df CFI P RMSEA SRMR
1084.69 20 959 <.01 068 031
449.26 20 953 < .01 044 -

94.44 20 992 < .01 018 -
713.34 40 926 <.01 .039 W =.031 B =.09
5268.10 55 428 <.01 .093 W =.032B=.38
769.91 47 921 <.01 037 W=.031B=.18
Ay Adf ACFI
* 15 -.50
18.06 7 -.01

* This value could not be computed because the Scaling Correction Factor resulted undefined.

https://doi.org/10.1371/journal.pone.0203196.t1002

Step 1. As shown in Table 2, the hypothesized one factor model (i.e., M1) fitted to the
entire sample resulted in an acceptable data fit. As can be seen, the hypothesized one-factor
model showed a good fit. In Step 2, we examined ICCs for each of the eight BZSG scale items
to determine whether the use of multilevel analysis was justified. As shown in the first column
of Table 3, the ICCs ranged from .04 to .50, with an average of .14 (SD = .15), which is higher
than the .10 criterion reported above.

Step 2 and Step 3. In Steps 2 and 3 we compared, respectively, the fit of the model at the
individual level (M2; within) and country level (M3; between; see Table 2). All in all, the pro-
posed factor structure fitted the data very well at both levels of analysis. As can be seen in
Table 3, all standardized factor loadings were significant, ranging at the individual level from
.36 (item 4) to .79 (item 3), and at the country level from .72 (item 4) to .99 (item 2).

Steps 4-6. In these steps, tests of construct isomorphism for the BZSG scale across the
individual and the country levels were conducted. As seen in Table 2, a two-level model with
equal factor loadings and zero residual variance at the country level (M5; strong isomorphism)
did not fit the data at all. Instead, the two-level model with equal factor loadings across levels
and freely estimated residual variance at the between level shows good fit to the data (M6).
This model was not significantly different from the baseline multilevel weak configural model
(M4). Unstandardized and completely parameter estimates for this model, along with their
respective standard errors are shown in Table 3.

According to our criterion for claiming statistical significance of the residual at the
between-country level (i.e., p < .01), residuals associated with items 1, 4, 5, 7, and 8 (see
Table 3) were significantly different from zero. According to Jak [20], these results suggest par-
tial measurement invariance, and mean that the common factor is not the only factor influenc-
ing individual responses to these items at the country level. The proportions of country-level
item variance bias ranged from .42 to .91 (M = .64; SD = .22), and the proportion of bias in the
total item variances ranged from .02 to .11 (M =.06; SD = .04). Overall, the proportion of the
overall variance in the latent BZSG at the between-country level was about 8%, whereas 92% of
the BZSG variance was at the individual level.

Step 7. At this point of the analyses, the country-level variables GNI per capita, GDP per
capita, HDI, Democracy Index, and collectivism-individualism were included in the analyses
as correlates of the country-level latent BZSG factor. This model showed an acceptable data fit
$*(81) = 1152.43, p < .01, CFI = .924, RMSEA = .034, SRMR\,ithin = .031, SRMRyereen = 166,
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Table 3. ICC values from Step 2 and unstandardized and completely standardized factor loadings from Step 1 and Step 3 by BZSG scale items.

BZSG scale items Single-level Within Between
ICC Ay |SE| p |Acs| Au |[SE| p |Acs| Au | SE | p | Acs | BIAS.oun | BIASo:

1/ Successes of some people are usually failures of others. .07 [1.02].02|<.01|.59 | .97 |.04| <.01| .59 | .97 | .04 | <.01 | .67 .56 .04
2/ If someone gets richer it means that someone else gets poorer. | .06 |1.35|.01 | <.01|.78 | 1.31 .05/ <.01| .78 | 1.31| .05 | <.01| .88 22 .01
3/ Life is so devised that when somebody gains, others have to 10 | 1.37 .01 <.01|.79 | 1.30|.05| <.01| .79 |1.30| .05 | <.01 | .76 42 .04
loose.
4/ In most situations interests of different people are inconsistent. | .14 | .58 |.02| <.01| .39 | .50 |.03| <.01 | .36 | .50 | .03 | <.01| .30 91 11
5/ Life is like a tennis game—a person wins only when others 1 1.221.02|<.01|.73 [ 1.16|.04| <.01| .71 |1.16| .04 | <.01 | .73 A7 .04
lose.
6/ When some people are getting poorer it means that other .50 [1.30.01 | <.01|.78 |1.25|.05| <.01| .77 | 1.25| .05 | <.01 | .97 .07 .00
people are getting richer.
7/ When someone does much for others he or she loses. 11 10.75].02 | <.01| .46 | .69 |.04| <.01| 45 | .69 | .04 | <.01| .43 .82 .07
8/ The wealth of a few is acquired at the expense of many. .04 [1.02].02|<.01|.60 | .99 |.04| <.01| .59 | .99 | .04 | <.01 | .76 42 .02
Factor Variance Qun | SE| P Pcs | Pun |SE| P @cs | Pun | SE p Pcs
912 1 - - 1.00 | .092 | .022 | < .01 | 1.00
Residual variance Ouwm |[SE| p Ocs | Oun [SE| p O | Oun | SE p O
014 196 | .03 <.01|.65|1.84|.08 <.01| .67 | .11 | .04 | <.01 .56
0,5 121 .03 <.01| .40 | 1.12 /.09 <.01| .40 | .05 | .02 | <.05| .22
035 1.09 .03 <.01|.37 | .99 | .08 <.01| .37 | .11 | .05 | <.05 .42
044 1.89 .03 <.01|.851.69 .05 <.01| .87 | .23 | .05 | <.01 | 91
Bs.5 141 .03 | <.01| .47 | 1.34|.10| <.01| 50 | .11 | .02 | <.01| .47
066 1.10 .03 | <.01| .39 |1.07 .08 <.01| 41 | .01 | .01 | <.05 .07
0, 2.07.03 <.01|.79 190|.09 <.01 .80 | .20 | .04 | <.01| .82
058 1.88 .03 | <.01| .64 |1.80.06 <.01| .65 .07 |.023 | <.01 .42

Notes. ICC = intraclass coefficient; AU = Unstandardized loading estimate; ACS = completely standardized loading estimate. SE = Standard error; p = p-value;

pun = Unstandardized factor variance estimate; gcs = completely standardized factor variance estimate; 6un = Unstandardized residual estimate; 6cs = completely

standardized residual estimate

https://doi.org/10.1371/journal.pone.0203196.t003

and it is represented in Fig 1. All in all, only the GNI and the Individualism indices were signif-
icantly and negatively correlated with the latent factor of BZSG. The higher the scores in these
indices, the lower the individuals’ scores on the latent BZSG. We also investigated the signifi-
cance of any direct path from GNI per capita, GDP per capita, HDI, Democracy Index, and
collectivism-individualism and the item residuals at the country level, but none of these paths
resulted in significance.

Discussion and conclusions

The aim of current study was to investigate the equivalence of the individual and the country
level factor structure of the Belief in a Zero-Sum Game (BZSG) scale. Antagonistic beliefs
about social relations was defined as describing zero-sum aspects of competition over scarce
resources, which lead to intractable conflict between people or groups because it influences
how individuals or nations perceive their relationship in situations where the interests are
interdependent and there are limited resources. In this article, a test of construct isomorphism
was conducted and relations between BZSG and other country and cultural dimensions,
including macrosocial and macroeconomic indicators, were analyzed.

In cross-cultural research that focuses on multigroup comparisons, it is typically assumed
that the measurement tool is operating in the same way, and that the underlying construct has
the same factorial structure and conceptual meaning across the cultural groups. In our study,
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Fig 1. Two-level factor model BZSG items with the country-level variables: Gross domestic product per capita (GDP),
Gross national income per capita (GNI), Human Development Index (HDI), Democracy Index (DEM. I.), and
Collectivism-individualism (CO vs IN), with completely standardized parameter estimates.

https://doi.org/10.1371/journal.pone.0203196.9001

we found evidence for a strong isomorphism for the BZSG scale with non-zero factor residual
scale. Thus, we conclude that individual and country differences in BZSG scores have the same
psychological meaning-i.e., it is an isomorphic construct across levels: as an individual zero-
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sum mindset and as a cultural worldview ideology. At the individual level, individuals fight
over limited resources, and a similar phenomenon exists at the societal level, as reflected in a
generalized national hostility towards out-groups. These findings are consistent with realistic-
group-conflict theory, which proposes that perceived group competition for resources leads to
inter-group competition for scarce resources such as land or jobs [41] or negative attitudes
towards immigration [42]—although immigrants are often essential to the functioning of first-
world economies [43]. Also, the finding that social antagonism appears at a societal level is
consistent with Foster’s studies [44] about peasant societies and compatible with results show-
ing that BZSG is more prevalent among members of rural societies with lower socio-economic
standing. Our conclusions about isomorphism are consistent with the theory of social axioms
[9], which describes general social beliefs as interpreting culture and the behavior of individu-
als socialized into those cultures.

In our investigation of the relationship between BZSG at the country level and other macro
indicators, collectivism-individualism and national income [13] were once again significant
correlates in two-level one-factor model BZSG items with the country-level variables across
levels. What is important is that this time we measure income through GNI per capita index,
as it is better measure of the standard of living than GDP, which only measures production.
What more, GNI per capita (taking into account the GDP per capita and HDI), is still signifi-
cantly correlated with BZSG at the country level.

Our results confirm that BZSG emerges in hierarchical collectivist societies with lower
income. The key seems to be the level of interconnectedness: in societies with tight relations
and network obligations, resources are perceived as limited, so citizens feel validated for fight-
ing for resources.

The link between socio-economic systems and psychological processes allows for the possi-
bility of finding ways to shape international relations by influencing individuals. As previous
studies confirmed that zero-sum thinking appears to change as individuals learn more about
the nonzero-sumness of a situation [45,46], it provides the opportunity for intervention in
education at the individual level. Burleigh [47] claims that to the extent that zero-sum thinking
promotes antagonistic “cut-throat” behavior or non-cooperation that is contrary to pedagogi-
cal outcomes, it is important to address the sources of zero-sum thinking in the classroom and
promote an awareness of nonzero-sum possibilities for interaction. Such intervention at the
individual level could bring cultural outcomes, including more balanced international rela-
tions or changes in global mentality towards joint profit exchange. Wright [48] has already
postulated that the creation of new forms of nonzero-sum individual interaction (“potential
synergy”) drive cultural progress and societal welfare. At the societal level, social and economic
system transformation could be implemented in national developmental programs and com-
munity-level action.

BZSG seems to be a useful concept in characterizing and understanding individuals and
cultures, a promising candidate for explaining variance in cross-cultural differences that are
not readily accounted for by values—where culture may influence the way axioms operate to
influence psychological outcomes of individuals [8] or individuals can influence national atti-
tudes. Work clarifying the conditions and consequences of BZSG is very important, as knowl-
edge about social axioms (as cultural descriptors which guide behavior of individuals in a
culture), is crucial for the sociocultural adaptation of immigrants [49].

An important limitation of the study reported here is that the sample was composed solely
of students and cannot be considered representative of any society as a whole. However, the
data do provide an indication of the direction of young elites. Another limitation is the sample
size at the country level, which was high in terms of cultures covered, but not especially high
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from a pure statistical standpoint, and this may have had an impact on the reliability of stan-
dard errors [50].

Future studies should consider the use of representative samples from around the world to
better investigate the construct isomorphism of the BZSG scale. Also, after establishing equiva-
lence at the individual and country levels, individual-level models of social antagonism across
national cultures could be developed. However, our results present the possibility of applying
the BZSG scale in cross-cultural studies in at least 43 countries.

Author Contributions

Conceptualization: Joanna Rézycka-Tran.

Data curation: Joanna Rozycka-Tran.

Formal analysis: Guido Alessandri, Pawel Jurek, Michat Olech.

Funding acquisition: Joanna Rézycka-Tran.

Methodology: Joanna Rozycka-Tran, Guido Alessandri, Pawet Jurek, Michat Olech.
Software: Guido Alessandri, Pawel Jurek, Michal Olech.

Visualization: Pawel Jurek.

Writing - original draft: Joanna Rozycka-Tran, Pawel Jurek.

Writing - review & editing: Guido Alessandri.

References
1. Hofstede G. Culture’s consequences. Thousand Oaks, CA: Sage Publications; 2001.

2. Schwartz SH, Bilsky W. Towards a psychological structure of human values. Journal of Personality and
Social Psychology. 1987; 53: 550-562. https://doi.org/10.1037/0022-3514.53.3.550

3. Schwartz SH. The universal content and structure of values: Theoretical advances and empirical tests
in 20 countries. Advances in Experimental Social Psychology. 1992; 25: 1-65. https://doi.org/10.1016/
S0065-2601(08)60281-6

4. Cheung MWL, Leung K, Au K. Evaluating multilevel models in cross cultural research: An illustration
with social axioms. Journal of Cross-Cultural Psychology. 2006; 37: 522-541. https://doi.org/10.1177/
0022022106290476

5. Byrne BM, van de Vijver FJR. Factorial structure of the family values scale from a multilevel-multicul-
tural perspective. International Journal of Testing. 2014; 14: 168—192. https://doi.org/10.1080/
15305058.2013.870903

6. LeungK, Bond MH, de Carrasquel SR, Munoz C, Hernandez M, Murakami F, et al. Social axioms: The
search for universal dimensions of general beliefs about how the world functions. Journal of Cross-Cul-
tural Psychology. 2002; 33(3): 286—302. https://doi.org/10.1177/0022022102033003005

Leung K, Bond MH. Psychological aspects of social axioms. New York: Springer; 2009.

Hui CM, Hui NHH. The mileage from social axioms: Learning from the past and looking forward. In:
Leung K, Bond MH, editors. Psychological aspects of social axioms. New York, NY: Springer; 2009:
13-30.

9. Bond MH, Leung K, Au A, Tong KK, de Carrasquel SR. Culture level dimensions of social axioms and
their correlates across 41 cultures. Journal of Cross-Culture Psychology. 2004; 35: 548-570. https:/
doi.org/10.1177/0022022104268388

10. Vande Vijver FJR, Van Hemert DA, Poortinga YH. Conceptual issues in multilevel models. In: van de
Vijver FJR, van Hemert DA, Poortinga YH, editors. Multilevel analysis of individuals and culture. New
York, NY: Lawrence Erlbaum; 2008: 3—26.

11.  LeungK, Bond MH. Social axioms: A model for social beliefs in multi-cultural perspective. In: Zanna
MP, editor. Advances in experimental social psychology. San Diego, CA: Elsevier Academic Press;
2004: 122-197.

12. LeungK, Bond MH. On the empirical identification of dimensions for cross-cultural comparisons. Jour-
nal of Cross-Cultural Psychology. 1989; 20 (2): 133—151. https://doi.org/10.1177/0022022189202002;

PLOS ONE | https://doi.org/10.1371/journal.pone.0203196  September 28, 2018 13/15


https://doi.org/10.1037/0022-3514.53.3.550
https://doi.org/10.1016/S0065-2601(08)60281-6
https://doi.org/10.1016/S0065-2601(08)60281-6
https://doi.org/10.1177/0022022106290476
https://doi.org/10.1177/0022022106290476
https://doi.org/10.1080/15305058.2013.870903
https://doi.org/10.1080/15305058.2013.870903
https://doi.org/10.1177/0022022102033003005
https://doi.org/10.1177/0022022104268388
https://doi.org/10.1177/0022022104268388
https://doi.org/10.1177/0022022189202002
https://doi.org/10.1371/journal.pone.0203196

@° PLOS | ONE

Isomorphism of the BZSG scale

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Societal cynicism is defined by the same content as social cynicism at the individual level and consti-
tutes a “strong etic”.

Rézycka-Tran J, Boski P, Wojciszke B. Zero-Sum Game Belief as a social axiom: A 37-nation study.
Journal of Cross-Cultural Psychology. 2015; 46: 525-548. https://doi.org/10.1177/0022022115572226

Von Neumann J, Morgenstern O. Theory of games and economic behavior. Princeton, NJ: Princeton
University Press; 1944.

Rézycka J, Wojciszke B. Skala wiary w gre o sumie zerowej [The Belief Zero-Sum Game Scale]. Studia
Psychologiczne. 2010; 48: 33—44.

Rézycka-Tran J, Jurek P, Olech M, Piotrowski J, Zemojtel-Piotrowska M. Measurement Invariance of
Belief in a Zero-Sum Game scale in 36 countries. Journal of International Psychology. 2017. https://doi.
org/10.1002/ijop.12470 PMID: 29193046

Ray D, Esteban J. Conflict and development. Annual Review of Economics. 2017; 9: 263-293. https://
doi.org/10.1146/annurev-economics-061109-080205

Fisher R, Vauclair CM, Fontaine JRJ, Schwartz SH. Are individual-level and country-level value struc-
tures different? Testing Hofstede’s legacy with the Schwartz Value Survey. Journal of Cross-Cultural
Psychology. 2011; 41(2): 135—151. https://doi.org/10.1177/0022022109354377

Steenkamp J-BEM, Baumgartner H. Assessing Measurement Invariance in Cross-National Consumer
Research. Journal of Consumer Research. 1998; 25(1): 78-90. https://doi.org/10.1086/209528

Meredith W, Teresi J. An Essay on Measurement and Factorial Invariance. Medical Care. 2006; 44
(11): 69-77. https://doi.org/10.1097/01.mIr.0000245438.73837.89 PMID: 17060838

Jak S. Testing and explaining differences in common and residual factors across many countries. Jour-
nal of Cross-Cultural Psychology. 2017; 48(1): 75-92. https://doi.org/10.1177/0022022116674599

Tay L, Woo SE, Vermunt JK. A conceptual and methodological framework of cross- level isomorphism:
psychometric validation of multilevel constructs. Organizational Research Methods. 2014; 17: 77-106.
https://doi.org/10.1177/1094428113517008

Bliese PD. Within-group agreement, non-independence, and reliability: Implications for data aggrega-
tion and analysis. In: Klein KJ, Kozlowski SWJ, editors. Multilevel theory, research, and methods in
organizations. San Francisco, CA: Jossey-Bass; 2000: 349-381.

Kozlowski SWJ, Klein KJ. A multilevel approach to theory and research in organizations: Contextual,
temporal, and emergent processes. In: Klein KJ, Kozlowski SWJ, editors. Multilevel theory, research,
and methods in organizations. San Francisco, CA: Jossey-Bass; 2000: 3—90.

Muthén BO. Multilevel covariance structure analysis. Sociological Methods and Research. 1994; 22:
376-398. https://doi.org/10.1016/S0277-9536(03)00366-6

Dyer GN, Hanges JP, Hall JR. Applying multilevel confirmatory factor analysis techniques to the study
of leadership. The Leadership Quarterly. 2005; 16: 149-167. https://doi.org/10.1016/j.leaqua.2004.09.
009

Jak S, Oort FJ, Dolan CV. A test for cluster bias: Detecting violations of measurement invariance across
clusters in multilevel data. Structural Equation Modeling. 2013; 20: 265-282. https://doi.org/10.1080/
10705511.2013.769392

United Nations Statistics Division. Statistical databases 2015. Available from: http://unstats.un.org/

Human Development Report. Work for Human Development. United Nations Development Programme
2015. Available from: http://hdr.undp.org/en/composite/HDI

Democracy Index. Democracy in an age of anxiety. A report by The Economist Intelligence Unit 2015.
Available from: https://www.eiu.com/

Hofstede G, Hofstede G.J, Minkov M. Cultures and Organizations: Software of the Mind. Revised and
Expanded. 3rd ed. New York, NY: McGraw-Hill; 2010.

Byrne B, Van de Vijver FJR. Validating factorial structure of the family values scale from a multilevel-
multicultural perspective. International Journal of Testing. 2014; 14: 168—192. https://doi.org/10.1080/
15305058.2013.870903

Hox JJ. Multilevel Analysis. Techniques and applications. Mahwah, NJ: Lawrence Erlbaum Associ-
ates; 2002.

Jak S. Testing strong factorial invariance using three-level structural equation modeling. Frontiers in
Psychology. 2014; 5: 745. https://doi.org/10.3389/fpsyg.2014.00745 PMID: 25120499

Ackerman TA. A didactic explanation of item bias, item impact, and item validity from a multidimensional
perspective. Journal of Educational Measurement. 1992; 29: 67-91. https://doi.org/10.1111/j.1745-
3984.1992.tb00368.x

PLOS ONE | https://doi.org/10.1371/journal.pone.0203196  September 28, 2018 14/15


https://doi.org/10.1177/0022022115572226
https://doi.org/10.1002/ijop.12470
https://doi.org/10.1002/ijop.12470
http://www.ncbi.nlm.nih.gov/pubmed/29193046
https://doi.org/10.1146/annurev-economics-061109-080205
https://doi.org/10.1146/annurev-economics-061109-080205
https://doi.org/10.1177/0022022109354377
https://doi.org/10.1086/209528
https://doi.org/10.1097/01.mlr.0000245438.73837.89
http://www.ncbi.nlm.nih.gov/pubmed/17060838
https://doi.org/10.1177/0022022116674599
https://doi.org/10.1177/1094428113517008
https://doi.org/10.1016/S0277-9536(03)00366-6
https://doi.org/10.1016/j.leaqua.2004.09.009
https://doi.org/10.1016/j.leaqua.2004.09.009
https://doi.org/10.1080/10705511.2013.769392
https://doi.org/10.1080/10705511.2013.769392
http://unstats.un.org/
http://hdr.undp.org/en/composite/HDI
https://www.eiu.com/
https://doi.org/10.1080/15305058.2013.870903
https://doi.org/10.1080/15305058.2013.870903
https://doi.org/10.3389/fpsyg.2014.00745
http://www.ncbi.nlm.nih.gov/pubmed/25120499
https://doi.org/10.1111/j.1745-3984.1992.tb00368.x
https://doi.org/10.1111/j.1745-3984.1992.tb00368.x
https://doi.org/10.1371/journal.pone.0203196

@° PLOS | ONE

Isomorphism of the BZSG scale

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.
49.

50.

Yuan K-H, Bentler PM. Three likelihood-based methods for mean and covariance structure analysis
with nonnormal missing data. Sociological Methodology. 2000; 30: 165—200. https://doi.org/10.1111/
0081-1750.00078

Kline RB. Principles and practice of structural equation modeling. 4th ed. New York, NY: The Guilford
Press; 2016.

Brown TA. Confirmatory Factor Analysis for Applied Research. 2nd ed. New Your, NY: The Guilford
Press; 2015.

Satorra A, Bentler PM. A scaled difference chi-square test statistic for moment structure analysis. Psy-
chometrika. 2001; 66: 507. https://doi.org/10.1007/BF02296192

Cheung GW, Rensvold RB. Evaluating Goodness-of-Fit Indexes for Testing Measurement Invariance.
Structural Equation Modeling: A Multidisciplinary Journal. 2002; 9(2): 233—-255, https://doi.org/10.1207/
S$15328007SEM0902_5

Jackson JW. Realistic group conflict theory: A review and evaluation of the theoretical and empirical lit-
erature. The Psychological Record. 1993; 43: 395—414.

Esses VM, Jackson LM, Armstrong TL. Intergroup competition and attitudes toward immigrants and
immigration: An instrumental model of group conflict. Journal of Social Issues. 1998; 54: 699-724.
https://doi.org/10.1111/j.1540-4560.1998.tb01244.x

Louis WR, Lalonde RN, Esses VM. Bias against foreign-born or foreign-trained doctors: Experimental
evidence. Medical Education. 2010; 44: 1241-1247. https://doi.org/10.1111/.1365-2923.2010.03769.x
PMID: 21070342

Foster G. Peasant society and the image of limited good. American Anthropologist. 1965; 67(2): 293—
315. https://doi.org/10.1525/aa.1965.67.2.02a00010

Thompson L, Hastie R. Social perception in negotiation. Organizational Behavior and Human Decision
Processes. 1990; 47(1): 98—123. https://doi.org/10.1016/0749-5978(90)90048-e

Steinel W, Abele AE, De Dreu CK. Effects of experience and advice on process and performance in
negotiations. Group Processes & Intergroup Relations. 2007; 10(4): 533-550. https://doi.org/10.1177/
1368430207081541

Burleigh T. Your gain is my loss: An examination of zero-sum thinking with love in multi-partner romantic
relationships and with grades in the university classroom. PhD Thesis, The University of Guelph. 2016.
Available from: https://atrium.lib.uoguelph.ca/xmlui/handle/10214/10034.

Wright R. Nonzero: The logic of human destiny. New York, NY: Vintage; 2001.

Kurman J, Ronen-Eilon C. Lack of knowledge of a culture’s social axioms and adaptation difficulties
among immigrants. Journal of Cross-Cultural Psychology. 2004; 35(2): 192—-208. https://doi.org/10.
1177/0022022103262244

Feskens R, Hox J. Multilevel structural equation modeling for cross-cultural research: Exploring resam-
pling methods to overcome small sample size problems. In: Davidov E, Schmidt P, Billiet J, editors.
Cross-cultural analysis. Methods and applications. New York, NY: Routledge, Taylor & Francis Group;
2011: 341-356.

PLOS ONE | https://doi.org/10.1371/journal.pone.0203196  September 28, 2018 15/15


https://doi.org/10.1111/0081-1750.00078
https://doi.org/10.1111/0081-1750.00078
https://doi.org/10.1007/BF02296192
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1207/S15328007SEM0902_5
https://doi.org/10.1111/j.1540-4560.1998.tb01244.x
https://doi.org/10.1111/j.1365-2923.2010.03769.x
http://www.ncbi.nlm.nih.gov/pubmed/21070342
https://doi.org/10.1525/aa.1965.67.2.02a00010
https://doi.org/10.1016/0749-5978(90)90048-e
https://doi.org/10.1177/1368430207081541
https://doi.org/10.1177/1368430207081541
https://atrium.lib.uoguelph.ca/xmlui/handle/10214/10034
https://doi.org/10.1177/0022022103262244
https://doi.org/10.1177/0022022103262244
https://doi.org/10.1371/journal.pone.0203196

