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Abstract 

 

This study examines cultural differences in genetic and environmental influences on Five-Factor 

Model (FFM) across Croatian, German and Serbian cultures. Participants were 1021 

monozygotic and 722 dizygotic twin pairs and NEO Five-Factor Inventory– NEO-FFI is used to 

assess FFM personality traits. Results show a similar pattern of genetic and environmental 

contribution to the variance of all FFM dimensions, indicating that culture has no significant 

effect on the genetic and environmental variance of personality traits. The best fitted common 

factor - common AE pathway models show that FFM dimensions are accounted for by the 

common latent factor. Although FFM dimensions clearly share some common sources of 

variance, the effects of specific genetic and environmental factors are more pronounced than 

common ones. Different patterns of genetic and environmental correlations across three samples 

may reflect the way that the synergy of personality traits responds to the specificities of a 

particular culture, as well as possible subtle differences in item translation, testing conditions, 

and measurement error. 

 

Key words: FFM, behavioral genetic, hierarchical structure of personality, cross-cultural study 
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Introduction 

 

Cross-cultural studies play an important role in providing evidence for the universality of 

personality traits (McCrae, 2002; McCrae, Terracciano et al., 2005), whereas the Five-Factor 

Model (FFM; McCrae & Costa, 2008) is the most used. The FFM defines the differences in 

characteristic ways how people think, feel, and behave using five broad domains: Neuroticism, 

Extraversion, Openness to experience, Agreeableness, and Conscientiousness. Although previous 

findings (e.g., McCrae, et al., 2005) showed that culture has a limited impact on individual 

differences in phenotypic variations of FFM traits (about 5%), studies pointing to similarities and 

differences between cultures are extremely important, since the simplification of cross-cultural 

differences could be a source of many misunderstandings, as well as ethical issues (McCrae et 

al., 2005).  

On the other side, behavioral genetic studies (e.g., Butković, Vukasović Hlupić, & Bratko, 2017; 

Johnson, Vernon, & Feiler, 2008; McCrae, Jang, Livesley, Riemann, & Angleitner, 2001; 

Riemann, Angleitner, & Strelau, 1997; Vukasović & Bratko, 2015) found approximately half of 

the variance in personality to be genetically influenced. Moreover, when genetic effects on the 

domain factors were controlled for facet-specific, method-specific and error variance, they 

explained on average about 63% of the variance on the FFM, while non-shared environmental 

effects explained the remaining 37% (Kandler, Riemann, Spinath, & Angleither, 2010; Riemann 

& Kandler, 2010). Environmental effects shared by family members do not contribute 

significantly to individual differences (e.g., Bratko, Butković & Vukasović Hlupić, 2017; 

Kandler et al., 2010; Shikishima, Hiraishi, Takahashi, Yamagata, Yamaguchi, & Ando, 2018). 
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The reason to study cross-cultural differences in genetic and environmental contributions to 

personality traits stems from the fact that heritability is highly general, and that gene-

environment interactions can affect the estimated heritability of phenotypic traits on more 

specific levels (Krueger, South, Johnson, & Iacono, 2008). Therefore, it is reasonable to expect 

slightly different estimates of heritability in different environments. Yamagata et al. (2006) 

found that across different cultures, the phenotypic FFM structure is the result of a genetic five-

factor structure rather than of an environmental factor structure. Some findings have suggested 

genetic and environmental influences of the same type and similar magnitude across Canadian 

and German twin samples for most facets of the NEO-PI-R (e.g., Jang, Livesley, Angleitner, 

Riemann, & Vernon, 2002).  Jang et al. (2002, 2006) found that observed differences between 

the facets defining each domain were accountable for two common genetic and two common 

environmental factors, suggesting two broader dimensions underlying five personality traits.  

However, some findings also indicate the possibility that all FFM dimensions share a common 

genetic variance (e.g., Rushton, Bons, Ando, Hur, Irwing, Vernon, Petrides, & Barbanelli, 2009; 

Veselka, Schermer, Petrides, & Vernon, 2009). This supports the research on the General Factor 

of Personality (GFP), which proposes general factor at the top of the hierarchy of personality 

(Musek, 2017). This line of research mainly rely on the extraction of the first unrotated 

component from personality data, the approach that has caused suspicion that GFP reflects an 

artefact of applied statistical methods, whereas the lower level dimensions still have greater 

internal consistency than GFP (Revelle & Wilt, 2013).  Riemann and Kandler (2010) pointed out 

that multi trait-multimethod twin data did not support the idea of GFP, and that Big Two (see 

DeYoung , 2006) defined as Stability (loaded Neuroticim Agreeableness, and Conscientiousness) 

and Plasticity (loaded Extraversion and Openess) factors turned out to be weak trait factors in 
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behavioral genetic level of analysis. Therefore, examining the hierarchical structure of 

personality traits in different environments is a great challenge for contemporary behavioral 

genetics.  

The present study is designed to examine the respective contribution of genetic and 

environmental factors to the FFM dimensions across three countries and cultural backgrounds – 

Croatia, Germany and Serbia. These European countries share similar cultural values: Croatia 

and Serbia, for the example, are both former Yugoslav countries, which suggests even greater 

cultural resemblance. However, there are also indicators to suggest possible cross-cultural 

variability in the lifestyles, which may influence subtle variations in personality traits across 

countries. For example, Germany, Croatia and Serbia are countries with different levels of 

economic development: in 2018 GDP per capita in Germany was $ 47.603; in Croatia $ 14.909; 

in Serbia $ 7.246 (World Bank, 2015). Personal freedom index in 2018 for Germany, Croatia and 

Serbia was 9.42, 8.46 and 7.85, respectively; economic freedom index was 7.69, 6.96 and 6.85, 

respectively and human freedom index was 8.46, 7.71 and 7.35, respectively (Vásquez & 

Porčnik, 2018). Moreover, cross-cultural studies have shown that there are cultural differences in 

the aggregate scores for FFM: Germany is among the countries scoring highest on Openness, 

Agreeableness and Conscientiousness, and Croatians and Serbians score quite similarly, with 

scores not among the lowest nor the highest on any personality dimension, comparing to other 

cultures (McCrae et al., 2005). Moreover, while the results point to the robustness of the findings 

regarding the genetic/environmental influences on personality traits, several authors (e.g., Jang et 

al., 2006) warn that both methodological and non-methodological factors may obscure the results 

of cross-cultural quantitative behavioral genetic studies, such as the specific features of 
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psychological measures (notably the questionnaires), as well as cultural factors such as language, 

and language-related issues.  

An additional aim of this study is to examine whether there are cross-cultural specificities in the 

hierarchical personality structure, examining possible genetic and environmental influences at 

different hierarchical levels of personality traits, that may provide further insights into the 

structure of individual differences in FFM dimensions. 

 

Method 

Participants 

Participants were 1021 monozygotic (MZ) and 722 dizygotic (DZ) volunteer general-population 

twin pairs from Croatia, Germany and Serbia (see Table 1). Total sample of 2005 twins from 

Croatia were identified from the Zagreb county register of citizens. They were contacted by the 

post, informed about and asked to participate in the study. 732 (36.5%) agreed and returned 

filled-in questionnaires. In terms of education, the majority of participants either finished high 

school (55%) or were still in high-school (40%). In this study, the Croatian twins sample 

consisted of 105 MZ and 234DZ twin pairs. The German twin sample consisted of 737 MZ and 

396 DZ twin pairs recruited across Germany by the University of Bielefeld (Kandler, Riemann, 

Spinath, Bleidorn, Thiel, & Angleitner, 2012; Spinath, Angleitner, Borkenau, Riemann, & Wolf, 

2002).  The Serbian twin sample consisted of 179 MZ and 92 DZ twin pairs recruited from the 

entire territory of the Republic of Serbia by the University of Novi Sad (Smederevac et al., 

2019). Participation was voluntary, and each respondent signed an informed consent.  The 

supplemental data and data instructions for this article are available online at OSF platform:  

https://osf.io/5shdy/. 
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<< INSERT TABLE 1 ABOUT HERE >> 

Measures 

NEO Five-Factor Inventory (NEO-FFI: Costa & McCrae, 1992; Croatian version: Marušić, 

Bratko, & Eterović, 1996; German version: Borkenau, & Ostendorf, 1993; Serbian version: 

Costa & McCrae, 1992; Sinapsa adaptation, 2019) a short version of NEO Personality Inventory, 

comprising of 60 items, was used in Croatian, German and Serbian samples. NEO-FFI consists 

of five scales: Neuroticism (N), Extraversion (E), Openness (O), Agreeableness (A) and 

Conscientiousness (C). Cronbach's alpha coefficients were 0.81, 0.72, 0.57, 0.66, and 0.81, 

respectively for Neuroticism, Extraversion, Openness, Agreeableness, and Conscientiousness in 

the Croatian sample;.81, .72, .67, .75 and .78, respectively in the German sample, and .78, .69, 

.69, .68, and .76 in the Serbian sample. 

 

For the Serbian sample zygosity was determined by DNA analysis of the buccal swabs, tested 

using short tandem repeat (STR) megaplex kits, either Investigator 24plex GO! (Qiagen®, 

Valencia, CA, USA) or GlobalFiler (Applied Biosystems®, Thermofisher Scientific, Waltham, 

MA, USA). For the German sample zygosity was determined by the Twins Physical 

Resemblance Questionnaire, assessing resemblance between twins and the frequency of different 

people confusing the twins across their life span (Oniszczenko, Angleitner, Strelau, &Angert, 

1993). Zygosity for the Croatian sample was determined by an 11–item questionnaire evaluating 

physical similarities and twin confusion by family, friends and strangers. These items have been 

shown to be valid indicators of zygosity in a number of studies and have been used in different 
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zygosity questionnaires (e.g. Reed et al., 2005), and the use of questionnaires for zygosity 

determination has been shown to be accurate to approximately 95% 

Data Analysis 

Descriptive analysis and phenotypic correlations were carried out using IBM SPSS Statistics 

v.23 software (IBM corp., 2015). Since age and sex effects can bias the twin correlation, the step 

before conducting further analysis was to adjust all used scales for sex, and linear, as well as 

quadratic age effects, using a regression procedure proposed by McGue and Bouchard (McGue 

& Bouchard, 1984). Regression residuals were used in subsequent analyses.   

 

Hierarhically organized phenotypic trait factors were considered in the model: five traits at a 

lowest level of the trait hierarchy representing NEO-FF domains (N, E, O, A and C); Big Two 

(DeYoung, 2006) factors: Stability (loading N, A and C) and Plasticity (loading E and O) at the 

next level; and GFP (Musek, 2017) at the highest level of the trait hierarchy. Full phenotypic 

model was named Big Two + GFP. Reduced model is nested in the full model: a model allowing 

only for the two-factor solution (Big Two). A model allowing only for the GFP with direct paths 

to the Big Five was also tested. The models were fitted via maximum likelihood (ML) using the 

statistical software package IBM SPSS AMOS 23.0 (Arbuckle, 2014). Nested model was 

compared by using the χ2-difference test and not nested by several fit indices. 

	
In the next step, multivariate twin modeling was used to explore the nature of the phenotypic 

associations between personality traits in three cultures for the best-fitting phenotypic models. 

Common factor(s) - common pathways multivariate models (Rijsdijk & Sham, 2002) were 

applied in order to estimate additive genetic effects (A), non-additive genetic effects (D), shared 

environmental (C), and non-shared environmental (E) effects. In all models there were specific 
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(s) and common (c) genetic and environmental sources of variance (see Figure 1). Comparisons 

between full (ACE, ADE) and reduced (AE, DE) models were calculated by using the ML, 

conducted in the “lavaan” R package (Rosseel, 2012) and specific functions attached as 

supplementary material (R_funtions).  Nested models were compared by using the χ2-difference 

test; the Akaike Information Criterion (AIC); Comparative Fit Index and the Tucker-Lewis Index 

(CFI and TLI – optimal values higher than .95, acceptable higher than .90); the Root Mean 

square Error of Approximation (RMSEA - optimal values lower than .05, acceptable lower than 

.08); the Standardized Root Mean Square Residual (SRMR, with acceptable value below .08) 

and Bayesian information criterion (BIC) with a lower value indicating better fit.  

	

The patterns of genetic and environmental correlations among the FFM dimensions for the three 

cultures were compared. Cholesky decomposition (Loehlin, 1996) was calculated in order to 

explore genetic and environmental correlations between personality dimensions in Croatian, 

German and Serbian twin sample. The procedure for the comparison of correlation matrices 

proposed and explained in detail by Gardiner, Sauerberger, Funder and Yeung (2019) was 

applied for this purpose. The procedure results in Pearson correlations as indicators of similarity 

among the distinct correlation matrices based on the same set of variables – in this case, genetic 

and environmental correlations among the FFM dimensions. 

 

Results 

 

Descriptive statistics for the NEO-FFI scales in the three samples, separately for MZ and DZ 

twin pairs, are presented in Table 2. The results suggest that all the variables were normally 
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distributed (Tabachnick & Fidell, 2013). Correlations (Table 3) between MZ twins were 

consistently higher than correlations between DZ twins for all the traits, across all samples.  

 

<< INSERT TABLE 2 ABOUT HERE >> 

<< INSERT TABLE 3 ABOUT HERE >> 

 

SEM fit statistics are presented in Table 4. All phenotypic models show acceptable to good 

overall model fit (upper limits of RMSEA<.08), except for Croatian sample. A model allowing  

for the Big Two on the second order, fitted the data significantly better than a hierarchical model 

allowing for both, GFP and Big Two in the German (Δχ2 = 17.961, Δdf = 1, p<.01) and Crotian 

(Δχ2 = 4.450, Δdf = 1, p<.050) sample, while there was no difference between models in Serbian 

sample (Δχ2 = 0.217, Δdf =1, p>.050). A model allowing for a Big Two fitted the data better 

than GFP in German sample (the smallest RMSEA and the highest CFI), and similar in Croatian 

sample (the highest CFI, but the highest RMSEA), while in Serbian sample the fit for GFP model 

was better based on the same criteria.  

 

<< INSERT TABLE 4 ABOUT HERE >> 

 

In addition to the phenotypic model comparisons, two different types of genetically informative 

models based on the best fitting phenotypic models (Big Two and GFP) were tested in three 

cultures.  A comparison of the common pathways models with one and two common factors 

specified to load on dimensions conceptually similar to Stability and Plasticity factors, as well as 

of the full (ACE, ADE) and reduced (AE, DE) twin models were performed (Table 5).  
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For the German sample, the restricted model, whereas all the genetic effects were assumed to be 

additive (AE), did not fit the data significantly poorer than the full twin model (ACE) with one 

latent factor (Δχ2= 1.890, Δdf=6, p>.050). On the other hand, the reduced model with all genetic 

effects were assumed to be due to dominance deviations (DE) fitted the data signicifantly poorer 

than the full twin model (ADE) with one latent factor (Δχ2= 18, Δdf=6, p<.050). For the Croatian 

sample, the best fitting model was the AE common pathways model with one common factor, 

based on the same criteria (Δχ2= 0.540, Δdf=6, p>.050; Δχ2= 18.745, Δdf=6, p<.050, 

respectively).  For the Serbian sample, the most appropriate fit indices were also for the one 

factor AE common pathways model (Δχ2= 6.660, Δdf=6, p>.050; Δχ2= 15.260, Δdf=6, p<.050, 

respectively). Moreover, models with two latent factors did not converge in German sample and 

showed less appropriate fit indices in Croatian and Serbian sample (Table 5).  

 

<< INSERT TABLE 5 ABOUT HERE >> 

 

Table 6 presents parameter estimates for the retained AE models. For all three samples, the 

common additive genetic and common environmental effects accounted for most of the variance 

of Neuroticism, and the lowest proportion of the variance for Openness, while the specific 

additive genetic effects were the highest for Openness. For the German and the Serbian sample, 

specific environmental effects were the highest for Agreeableness, and for Croatian sample for 

Extraversion. Factor congruences for the three latent dimensions specified within the common 

pathways models pointed to fair or high similarities. The congruence between the factors in 

Croatian and German samples was .96, Croatian and Serbian .85, and German and Serbian .89. 
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<< INSERT TABLE 6 ABOUT HERE >> 

Cholesky behavior genetic analyses were performed in order to explore additive genetic and non- 

shared environmental correlations of personality dimensions for each of the three samples (Table 

7). In all the three samples there were significant genetic correlations between almost all of the 

FFM dimensions, except for Openness in Croatian and German sample, and the additive genetic 

basis of Neuroticism was negatively related to those of all the other traits. As for the 

environmental correlations, Neuroticism was negatively related to other traits (except Openness) 

in all three samples. However, while in Croatian sample Extraversion, Openness and 

Agreeableness were negatively, and Agreeableness and Conscientiousness positively related, in 

German sample the other FFM dimensions (apart from Neuroticism) were not environmentaly 

related to each other, except for Extraversion being modestly, but positively related to Opennes 

and Agreeableness. In Serbian sample, all the environmental correlations were significant, except 

the correlation between Neuroticism and Openness. 

 

<< INSERT TABLE 7 ABOUT HERE >> 

<< INSERT TABLE 8 ABOUT HERE >> 

 

Similarities between genetic correlation patterns across three samples (Table 8) are pronounced, 

the highest being between Germany and Croatia, and the lowest (but still high) between Croatia 

and Serbia. Similarities between the environmental correlation patterns are the highest between 

Germany and Serbia, and the lowest between Germany and Croatia. 

 

Discussion 
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Main purpose of this study was to explore genetic and environmental variance of personality 

traits on twin samples from Germany, Croatia, and Serbia, along with  the assessment of the 

genetic and environmental impact on different hierarchical levels of organization of the FFM. No 

phenotypic hierarchical solution, neither GFP, nor Big two, nor Big Two + GFP, has shown 

convincing arguments that would be biometrically supported. Instead, the best fitting biometric 

models for all three samples were common factor - common pathways AE models, indicating 

that a single-latent genetic and environmental factor solution best explains the sources of 

variance in personality traits. This interesting result suggests that genetic and environmental 

covariance across the FFM could not be explained by Stability/Plasticity or more complex 

hierarchical structure, but instead was accounted for by a single underlying latent factor. More 

interestingly, this factor does not include all dimensions of the FFM model, and thus provides 

important information about common and specific sources of variance in personality traits. In all 

samples, Neuroticism has a substantial common genetic contribution, accompanied 

by Extraversion in the German sample, and by all the personality traits, except Openness in the 

Croatian and Serbian samples. The high common genetic and environmental effects for 

Neuroticism in all three cultures, with lower specific effects,  indicates that an emotional tension 

significantly shapes many aspects of behavior. This may further point to the possible challenges 

in modern age, in which a variety of situations share some common features associated with the 

potential to elicit a certain degree of emotional tension. On the other hand, the lowest common 

genetic and environmental effects for Openness in all three cultures indicates a possible greater 

dependence of this dimension on specific genetic and environmental contributions. The results of 

phenotypic studies have shown that behaviors related to Openness could be largely dependent on 
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the socio-economic status  (Jonassaint, Siegler, Barefoot, Edwards, & Williams, 2009), family 

routines or rules.  

 

The specific additive genetic contributions are substantial for all the traits in all three samples, 

except for the Neuroticism in the German sample. They are also higher than common additive 

genetic contributions for all of the traits, except Neuroticism. A similar pattern was found for the 

environmental effects. In other words, although there are some common sources of variance of 

personality traits, Extraversion, Conscientiousness, Agreeableness and Openness have their own 

sources of genetic and environmental variance. It is possible that these specific genetic and 

environmental variances are an important basis for phenotypic individual differences, which 

underlie the FFM.  

 

High similarities among genetic and environmental correlation patterns in three cultures involved 

in this research illustrate a limited effect of culture on the genetic and environmental 

interrelatedness of personality traits.  This result is in line with previous phenotypic studies 

which have shown that the personality structure is independent from culture (McCrae & 

Terracciano, 2008). Moreover, it is consistent with  the findings of previous twin studies, which 

have pointed to the very similar magnitude of genetic and environmental influences on 

personality traits in different cultures (Jang et al., 2002; Vukasović & Bratko, 2015). In general, 

results suggest that there are no cross-cultural differences in the genetic basis of personality 

traits, although, at the most specific level, subtle differences between cultures may contribute to 

how synergy of personality traits will respond to the specificities of a particular culture. Certain 

differences in patterns of environmental correlations between personality traits across cultures 
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may be due to highly specific factors, such as subtle differences in item translation, measurement 

error, differences in testing conditions (email in Croatia vs. face-to-face in Serbia), etc. However, 

it is also quite reasonable to expect that Croatian, German and Serbian cultures have some 

specific features, which would shape lifestyles, family rules and everyday routine, affecting an 

attitude towards education and upbringing, interpersonal relationships and the structuring of a 

leisure time. These specificities are not sufficient to influence the magnitude of genetic and 

environmental variance of personality, but they may be sufficiently pronounced to influence 

differences in environmental correlations between personality traits. 

 

These results regarding genetic and environmental correlations between personality traits (Table 

7) mirror the patterns of phenotypic correlations between personality dimensions, reflecting the 

findings from the phenotypic studies (e.g., McCrea et al., 2005). Since personality traits are 

genetically related to each other, phenotypic correlations between the traits could be attributed 

partially to genetic factors, which points to genetic mediation (Plomin, DeFries, Knopik, & 

Neiderhiser, 2016). The results of molecular genetic studies have indicated that specific genes 

are phenotypically associated with more than one personality trait (Montag & Reuter, 2014), 

pointing to pleiotropic gene effect. This effect is particularly pronounced in Neuroticism, which 

is genetically related to almost all other dimensions. Despite the likely pleiotropic effect of genes 

on different personality traits, the most important result of this study is the identification of their 

specific source of genetic and environmental variance, which is consistent with molecular 

genetic studies, providing compelling evidences for a different genetic foundations of FFM 

dimensions (De Moor et al., 2012). 
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These results should be accepted with caution, as certain limitations may affect their 

generalization. First, the sample sizes from the three countries differ. Since participation in twin 

studies is voluntary, there is a possibility that these participants are in full compliance with the 

WEIRD (Western, Educated, Industrialized, Rich, and Democratic) sample criteria (Henrich, 

Heine, & Norenzayan, 2010). This means that, even within a particular culture, we cannot be 

sure if these twins represent the whole population, since they represent, at best, the features of 

volunteers. Although this is an universal limitation which could be applied to virtually all 

psychological studies, it is extremely important to keep in mind that it could affect the 

generalization of results. 

In adition, since this research was primarily focused to collect data on basic psychological 

processes, information on cultural influences was not provided. Official data for each country 

were used as indicators of potential differences between cultures. Ideally, twins should evaluate 

some aspects of their cultural environment and everyday life in order to keep this aspect of the 

research standardized. Moreover, there were differences in the data collection procedures and 

possibly subtle nuances in the translation of the NEEO-PI-R, which could have contributed to the 

quality of the data. 

 

Despite the limitations, these results have an important implication, since they support the cross-

cultural universality of the FFM (McCrae, 2002) and of its biological foundation (Yamagata et 

al., 2006). Consistent with the high replicability of the results in bihevioral genetic studies 

(Plomin, et al., 2016), these findings represents one in a series of evidence supporting the genetic 

basis of personality traits, that is independent of culture. 
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Table 1 

Twin sample characteristics 

   gender  age 
 

zygosity pairs male female 
different 
gender mean SD 

Germany MZ 737 322 (21.8%) 1153 (77.7%)  31.694 13.138 
DZ 396 242 (30.55%) 548 (69.45%) 113 31.598 11.766 

        
Croatia MZ 105 76 (36.2%) 134 (63.8%)  18.44 2.24 

DZ 234 218 (46.6%) 250 (53.4%) 114 18.58 2.308 
        
Serbia MZ 179 84 (23.46%) 274 (76.54%)  24.997 7.904 

DZ 92 73(39.66%) 111 (60.34%) 36 22.804 5.845 
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Table 2 

Descriptive statistics for scales in German, Croatian and Serbian twin sample 

 MZ DZ 
M SD Sk Ku M SD Sk Ku 

Germany         
Neuroticism 23.712 8.719 0.317 -0.372 23.866 8.347 0.340 -0.261 
Extraversion 31.688 7.205 -0.450 0.112 31.558 7.028 -0.282 -0.085 
Openness 30.808 5.982 -0.057 -0.179 31.455 5.660 -0.145 -0.262 
Agreeableness 35.079 5.774 -0.564 0.487 34.564 5.052 -0.184 -0.022 
Conscientiousness 36.289 6.865 -0.429 -0.068 35.028 7.449 -0.745 1.106 
         
Croatia         
Neuroticism 19.232 8.760 0.448 -0.340 20.315 8.491 0.259 -0.324 
Extraversion 31.261 6.742 -0.269 -0.141 30.007 6.563 -0.401 -0.216 
Openness 23.493 6.776 0.232 -0.030 23.734 6.008 0.163 0.154 
Agreeableness 30.758 5.404 -0.295 0.278 30.106 6.424 -0.718 0.778 
Conscientiousness 32.290 7.288 -0.179 -0.550 31.051 7.490 -0.493 0.278 
         
Serbia         
Neuroticism 18.163 6.769 0.272 0.457 19.1 7.261 0.251 0.724 
Extraversion 31.088 5.375 -0.235 0.772 29.378 6.075 -0.565 0.772 
Openness 29.421 6.635 0.107 0.128 28.837 5.986 0.208 0.139 
Agreeableness 31.635 5.862 -0.207 0.194 30.489 6.25 -0.317 0.551 
Conscientiousness 34.699 6.233 -0.454 1.529 32.835 5.556 -0.298 0.448 
Note. M – mean, SD – standard deviation, Sk – skewness, Ku– kurtosis. 
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Table 3 

Cross-twin and cross-trait phenotypic correlations for scales in three twin samples 

Domain scale rMZ rDZ Neuroticism Extraversion Openness Agreeable Conscientious 
Germany        
Neuroticism .519** .125** 1 -.455** .009 -.208** -.269** 
Extraversion .563** .239**  1 .088** .152** .162** 
Openness .544** .321**   1 .073** -.091** 
Agreeableness .431** .140**    1 .089** 
Conscientiousness .519** .146**     1 
        
Croatia        
Neuroticism .606** .267** 1 -.342** .088* -.284** -.235** 
Extraversion .482** .187**  1 -.111** .062 .235** 
Openness  .668** .266**   1 -.152** -.091** 
Agreeableness .486** .360**    1 .249** 
Conscientiousness .497** .272**     1 
        
Serbia        
Neuroticism .416** .301** 1 -.401** -.145** -.262** -.38** 
Extraversion .511** .340**  1 .190** .220** .336** 
Openness .651** .483**   1 .216** .194** 
Agreeableness .387** .274**    1 .242** 
Conscientiousness .601** .170     1 

Note. Correlations are adjusted for age and gender. 
 * p < .05 
** p < .01 
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Table 4 
Model fit statistics 

  Fit statistics 
 Models χ2(df) CFI TLI RMSEA AIC 
 Big Two + GFP 52.110(5) .943 .828 .064 82.110 

Germany Big Two 34.149(4) .963 .863 .058 66.149 
 GFP 58.778(5) .935 .804 .069 88.778 
       
 Big Two + GFP 42.098(5) .830 .491 .105 72.098 

Croatia Big Two 37.648(4) .846 .422 .111 69.648 
 GFP 42.932(5) .826 .479 .106 72.932 
       
 Big Two + GFP 13.477(5) .973 .946 .056 43.477 

Serbia Big Two 13.260(4) .970 .926 .066 45.260 
 GFP 13.276(5) .973 .947 .055 43.276 

Note. Big Two + GFP – hierarchical model with one factor on the highest level of hierarchy and 
two lower factors, Stability and Plasticity (DeYoung, 2006). 
  



CROSS-CULTURAL TWIN STUDY OF NEO-FFI 2 

Table 5 

Multivariate model fitting statistics of the scales in three sets of twin samples 

Model χ2 (df) AIC CFI TLI BIC RMSEA SRMR 
Germany  

      

ACE 174.180(87) 29623 .956 .954 29838 .042 .054 
ADE 162.550(87) 29611 .962 .960 29827 .043 .053 
AE* 176.070(93) 29613 .958 .959 29798 .040 .055 
DE 180.510(93) 29617 .956 .957 29803 .041 .055 
ACEαβ  NC 

      

ADEαβ  NC 
      

AEαβ  NC 
      

DEαβ  NC 
      

 
 

      

Croatia  
      

ACE 131.327(87) 21846 .905 .902 22010 .055 .076 
ADE  131.102(87) 21846 .906 .903 22010 .055 .077 
AE* 131.831(93) 21835 .917 .920 21976 .050 .076 
DE 149.847(93) 21853 .879 .883 21994 .060 .085 
ACEαβ 316.470(23) 22160 .374 .145 22568 .276 .129 
ADEαβ  313.390(23) 22156 .381 .142 22565 .275 .126 
AEαβ  330.390(51) 22117 .404 .052 22419 .181 .130 
DEαβ  347.610(51) 22135 .367 .117 22436 .186 .132  

       
Serbia  

      

ACE  143.130(87) 16909 .912 .909 17063 .069 .096 
ADE  149.700(87) 16915 .902 .898 17070 .073 .097 
AE* 149.790(93) 16903 .911 .914 17036 .067 .097 
DE 164.960(93) 16918 .887 .891 17052 .076 .103 
ACEαβ 366.180(23) 17260 .462 .104 17645 .332 .172 
ADEαβ 367.920(23) 17261 .460 .114 17646 .333 .171 
AEαβ 414.930(51) 17252 .430 .006 17537 .230 .180 
DEαβ  423.390(51) 17261 .417 .030 17545 .233 .183 

Note.  ACE, ADE – full common factor common pathways model;  AE, DE – reduced common 
factor common pathways model; αβ – common models based on two common factors, Stability 
and Plasticity. * - the best model fitting based on fit parameters and parsimony. NC - model not 
converge. 
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Table 6 
Common (Ac) and specific (As) genetic, common (Ec) and specific (Es) environmental effects on 

traits and factor loading (F)  

  variance components 
 Trait Ac Ec As Es ΣA ΣE 
 Neuroticism .412 .275 .087 .226 .499 .501 
 Extraversion .169 .113 .358 .360 .527 .473 

Germany Openness .001 .000 .543 .456 .544 .456 
 Agreeableness .043 .029 .382 .546 .425 .575 
 Conscientiousness .058 .039 .446 .457 .504 .496 
        
 Neuroticism .331 .143 .253 .273 .584 .416 
 Extraversion .114 .050 .326 .510 .440 .560 

Croatia Openness .010 .005 .589 .396 .599 .401 
 Agreeableness .109 .048 .399 .444 .508 .492 
 Conscientiousness .139 .061 .354 .446 .493 .507 
        
 Neuroticism .249 .166 .170 .415 .419 .581 
 Extraversion .212 .142 .328 .318 .540 .460 

Serbia Openness .055 .037 .571 .337 .626 .374 
 Agreeableness .114 .086 .331 .459 .445 .545 
 Conscientiousness .195 .130 .330 .345 .525 .475 

Note. Parameter estimates derived from the best fitting models. 
 
 
 
 
 



Running head: CROSS-CULTURAL TWIN STUDY OF NEO-FFI 

Table 7 

Genetic and environmental correlations of the scales – Cholesky decomposition 

Genetic correlations Environmental correlations  
N E O A C N E O A C 

Croatia 
          

N 1.000 
  

-.358** 
(-.447/-.261) 

.082 
(-.025/.187) 

-.405** 
(-.490/-.312) 

-.344** 
(-.435/-.247) 

1.000 
  

-.260** 
(-.357/-.158) 

-.065 
(-.170/.042) 

-.141* 
(-.244/-.035) 

-.206** 
(-.306/-.173) 

E 
 

1.000 
  

-.045 
(-.151/.062) 

.265** 
(.163/.361) 

.317** 
(.218/.410) 

 
1.000 

  
-.200** 

(-.300/-.096) 
-.176** 

(-.277/-.071) 
.096 

(-.011/.200) 
O 

  
1.000 

  
-.109 

(-.213/-.003) 
-.005 

(-.111/.102) 

  
1.000 

  
-.222** 

(-.321/-.118) 
-.081 

(-.186/.026) 
A 

   
1.000  .186** 

(.081/.287) 

   
1.000  .268** 

(.166/.364) 
C 

    
1.000 

    
1.000 

           

Germany 
          

N 1.000 
  

-.549** 
(-.447/-.261) 

.066 
(-.025/.187) 

-.174** 
(-.490/-.312) 

-.322** 
(-.435/-.247) 

1.000 -.335** 
(-.386/-.282) 

-.056 
(-.114/.002) 

-.241** 
(-.259/-.185) 

-.211** 
(-.266/-.155) 

E 
 

1.000 
  

.082* 
(-.151/.062) 

.217** 
(.163/.361) 

.248** 
(.218/.410) 

 
1.000 .098* 

(.040/.155) 
.100* 

(.042/.157) 
.068 

(.010/.106) 
O 

  
1.000 

  
.098* 

(-.213/-.003) 
-.199** 

(-.111/.102) 

  
1.000 .048 

(-.010/.106) 
.040 

(-.018/.098) 
A 

   
1.000  .140** 

(.081/.287) 

   
1.000 .044 

(-.014/.102) 
C 

    
1.000 

    
1.000 

Serbia 
          

N 1.000 -.481** 
(-.568/-.384) 

-.231** 
(-.341/-
.115) 

-.160** 
(-.274/-.042) 

-.604** 
(-.675/-.522) 

1.000 -.337** 
(-.439/-.227) 

-.025 
(-.144/.094) 

-.332** 
(-.434/-.222) 

-.170** 
(-.283/-.052) 

E 
 

1.000 .221** 
(.105/.331) 

.209** 
(.092/.320) 

.418*** 
(.315/.512) 

 1.000 .152** 
(.033/.266) 

.228** 
(.112/.338) 

.235** 
(.119/.345) 
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O 
  

1.000 .196** 
(.079/.308) 

.193** 
(.076/.305) 

  
1.000 .257** 

(.142/.365) 
.213** 

(.096/.324) 
A 

   
1.000 .136** 

(.017/.251) 

   
1.000 .295** 

(.189/.400) 
C 

    
1.000 

    
1.000 

Note.  ** p< .01, * p<.05. Confidence intervals are given in parentheses. 
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Table 8  

Similarities among genetic and environmental correlation patterns in three cultures 

 Germany 
(G) 

Croatia 
(G) 

Serbia 
(G) 

Germany 
(E) 

Croatia 
(E) 

Serbia 
(E) 

Germany – genetic (G) 1.000 0.840 0.799    
Croatia – genetic (G) 0.840 1.000 0.752    
Serbia – genetic (G) 0.799 0.752 1.000    
Germany – environmental (E)   1.000 0.387 0.957 
Croatia – environmental (E)    0.387 1.000 0.485 
Serbia – environmental (E)    0.957 0.485 1.000 
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Figure 1 
ACE common factor common pathway model    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Note. Common pathways model for one twin pair; Ac, Ec – common genetic / environmental 
factors; As, Es – specific genetic / environmental factors; F1 – latent factor; N – Neuroticism, E 
– Extraversion, O – Openness to experience, A – Agreeableness, C – Conscientiousness; genetic 
correlations among MZ twins – 1; genetic correlations among DZ twins – .50 
 

 


