
Appendix 1: General supplemental material 

Table A1. Items used to create belief variables 
Variable ESS items 
Left-right identification lrscale 
Gender inequality mnrgtjb 
Anti-LGBT freehms hmsfmlsh hmsacld 
Euroscepticism euftf 
Anti-immigration imsmetn imdfetn impcntr 
Anti-egalitarianism gincdif dfincac smdfslv 
Benefits harm economy sbprvpv sbeqsoc 
Benefits harm society sbstrec sbbsntx  
Welfare chauvinism imsclbn 
Anti-economic interventionism gvslvol gvslvue gvcldcr 
Anti-social benefits (low income) bnlwinc 
Anti-social benefits (parents) wrkprbf 
Educational spending eduunmp 
Anti-basic income basinc 
Anti-climate change taxes inctxff 
Anti-climate change renewables sbsrnen 
Anti-climate ban of appliances banhhap 
Climate skepticism ccnthum 
Authoritarianism impsafe ipfrule ipbhprp ipstrgv imptrad 
Anti-libertarianism impdiff ipadvnt ipcrtiv impfree ipudrst 

 



Table A2. Descriptive statistics of belief variables 
Variable N Mean SD Original scale Cronbach's Alpha 
Left-right identification 34,248  0.51 0.22 1-10  
Gender inequality 37,038  0.23 0.27 1-5  
Anti-LGBT 36,098  0.34 0.27 1-5 0.80 
Euroscepticism 35,848  0.51 0.27 0-10  
Anti-immigration 36,459  0.45 0.27 1-4 0.87 
Anti-egalitarianism 36,772  0.38 0.19 1-5 0.59 
Benefits harm economy 35,956  0.49 0.23 1-5 0.48a 
Benefits harm society 36,801  0.41 0.22 1-5 0.54a 
Welfare chauvinism 36,441  0.54 0.26 1-5  
Anti-economic interventionism 36,927  0.24 0.16 0-10 0.68 
Anti-social benefits (low income) 36,399  0.55 0.27 1-4  
Anti-social benefits (parents) 36,026  0.47 0.24 1-4  
Educational spending 36,227  0.57 0.25 1-4  
Anti-basic income 35,785  0.50 0.27 1-4  
Anti-climate change taxes 36,832  0.55 0.31 1-5  
Anti-climate change renewables 37,028  0.26 0.26 1-5  
Anti-climate ban of appliances 36,962  0.36 0.29 1-5  
Climate skepticism 36,035  0.39 0.20 1-5  
Authoritarianism 36,631  0.66 0.17 1-6 0.70 
Anti-libertarianism 36,769  0.35 0.16 1-6 0.66 

a: In the case of a scale with two variables, the coefficient denotes a Pearson correlation.  
  



Table A3. Mean values for all beliefs per class community 

Belief 
Mean 

Group 1 Group 2 
Left-right identification 0.498 0.545 
Gender inequality 0.151 0.318 
Anti-LGBT 0.219 0.506 
Euroscepticism 0.460 0.567 
Anti-immigration 0.341 0.578 
Anti-egalitarianism 0.370 0.381 
Benefits harm economy 0.459 0.512 
Benefits harm society 0.383 0.459 
Welfare chauvinism 0.474 0.629 
Anti-economic interventionism 0.240 0.241 
Anti-social benefits (low income) 0.561 0.516 
Anti-social benefits (parents) 0.461 0.471 
Educational spending 0.593 0.547 
Anti-basic income 0.512 0.476 
Anti-climate change taxes 0.450 0.638 
Anti-climate change renewables 0.222 0.288 
Anti-climate ban of appliances 0.329 0.395 
Climate skepticism 0.375 0.423 
Authoritarianism 0.626 0.703 
Anti-libertarianism 0.336 0.376 

Note: Mean values denotes the mean of the beliefs calculated as the mean of means per belief system (i.e. 
corrected for number of individuals in belief system).  
 
 
 

 



Table A4. Descriptive statistics of demographic and political voting behavior variables 
 N Mean SD Min Max 
Education 36989 2.05 0.69 1 3 
Household income 31881 5.33 2.72 1 10 
Gender (1 = male; 2 = female) 37114 1.51 0.5 1 2 
Age 37035 49.59 17.59 18 98 
Religious 36968 1.58 0.49 1 2 
Urbanization 37105 3.12 1.24 1 5 
Ethnic minority 36904 1.06 0.24 1 2 
Vote behavior 30985 2.96 2.57 1 7 

 

Education was originally measured with seven categories, which were collapsed into three for simplicity 

based on ISCED levels (less educated: 1-2, middle educated: 3-5, higher educated 6-7). Household income 

was measured with ten levels. Gender is measured with two categories, where male is the reference 

category. Religious measures whether the respondents belongs to a particular religion or denomination. 

Urbanization is a four level measurement of how urbanized their living surroundings are, higher levels 

mean more urbanized (large city). Ethnic minority was measured by asking the respondent whether they 

belong to a minority ethnic group in their country. Voting behavior was based on The PopuList (Rooduijn 

et al., 2019), which is a list of all parties with at least one seat or 2% of voting share in parliamentary 

elections since 1989, that can be classified as either far right, far left, populist, or Eurosceptic. The list is 

peer reviewed by more than 80 academics. We decided to exclude Eurosceptic from our classification of 

voice voting since it denotes an issue-preference rather than party ‘family’. 

  



Table A5: Descriptive statistics of all classes 

Country Class N 
Share of 

sample Density Group 
Mean 

correlation 

Mean 
correlation 

with Group 1 

Mean 
correlation 

with Group 2 
AT 1 702 0.398 0.153 1 0.428 0.568 0.313 
AT 2 484 0.274 0.106 2 0.294 0.289 0.299 
AT 3 580 0.328 0.079 * 2 0.294 0.319 0.272 
BE 1 1001 0.599 0.064 * 2 0.450 0.512 0.396 
BE 2 670 0.401 0.108 1 0.427 0.577 0.306 
CH 1 544 0.413 0.076 * 2 0.343 0.388 0.305 
CH 2 462 0.351 0.125 1 0.379 0.559 0.232 
CH 3 311 0.236 0.071 1 0.313 0.420 0.226 
CZ 1 408 0.213 0.113 * 2 0.274 0.310 0.242 
CZ 2 628 0.327 0.097 2 0.297 0.270 0.321 
CZ 3 400 0.208 0.084 2 0.305 0.276 0.329 
CZ 4 484 0.252 0.089 2 0.223 0.166 0.273 
DE 1 952 0.363 0.077 * 2 0.367 0.411 0.330 
DE 2 1000 0.382 0.111 1 0.417 0.600 0.268 
DE 3 667 0.255 0.074 1 0.393 0.481 0.321 
EE 1 498 0.271 0.079 1 0.358 0.483 0.256 
EE 2 578 0.315 0.071 2 0.306 0.298 0.313 
EE 3 330 0.180 0.116 * 2 0.264 0.312 0.223 
EE 4 430 0.234 0.070 2 0.253 0.209 0.292 
ES 1 620 0.415 0.104 1 0.372 0.528 0.245 
ES 2 874 0.585 0.075 1 0.407 0.499 0.332 
FI 1 643 0.358 0.065 1 0.390 0.462 0.331 
FI 2 648 0.361 0.104 1 0.382 0.536 0.256 
FI 3 504 0.281 0.068 1 0.328 0.431 0.244 
FR 1 681 0.357 0.115 1 0.424 0.600 0.280 
FR 2 530 0.278 0.065 * 2 0.379 0.416 0.346 
FR 3 694 0.364 0.064 * 2 0.418 0.467 0.376 
GB 1 664 0.371 0.068 * 2 0.379 0.436 0.330 
GB 2 604 0.337 0.102 1 0.410 0.601 0.254 
GB 3 523 0.292 0.080 * 2 0.329 0.347 0.313 
HU 1 346 0.290 0.093 2 0.249 0.193 0.297 
HU 2 390 0.327 0.117 2 0.199 0.191 0.207 
HU 3 455 0.381 0.083 2 0.295 0.300 0.290 
IE 1 879 0.372 0.090 * 2 0.294 0.339 0.255 
IE 2 897 0.380 0.099 1 0.436 0.571 0.325 
IE 3 584 0.247 0.082 * 2 0.301 0.323 0.283 
IL 1 719 0.389 0.115 2 0.090 0.083 0.096 
IL 2 607 0.328 0.075 1 0.295 0.382 0.225 
IL 3 523 0.283 0.102 1 0.269 0.401 0.161 



IS 1 231 0.293 0.095 1 0.389 0.491 0.307 
IS 2 353 0.447 0.099 1 0.384 0.546 0.252 
IS 3 205 0.260 0.090 1 0.303 0.369 0.249 
IT 1 759 0.392 0.105 1 0.411 0.530 0.314 
IT 2 546 0.282 0.073 2 0.317 0.292 0.339 
IT 3 632 0.326 0.089 2 0.314 0.306 0.320 
LT 1 513 0.347 0.097 2 0.256 0.257 0.254 
LT 2 237 0.160 0.142 2 0.183 0.169 0.195 
LT 3 259 0.175 0.119 2 0.234 0.200 0.264 
LT 4 192 0.130 0.154 2 0.229 0.201 0.254 
LT 5 277 0.187 0.117 2 0.212 0.189 0.231 
NL 1 694 0.450 0.089 1 0.422 0.586 0.288 
NL 2 421 0.273 0.079 1 0.382 0.481 0.302 
NL 3 426 0.276 0.068 1 0.339 0.436 0.260 
NO 1 661 0.462 0.088 1 0.401 0.583 0.252 
NO 2 769 0.537 0.071 1 0.440 0.549 0.351 
PL 1 389 0.300 0.073 * 2 0.311 0.350 0.276 
PL 2 362 0.279 0.093 2 0.226 0.192 0.256 
PL 3 264 0.204 0.096 1 0.326 0.401 0.265 
PL 4 282 0.217 0.068 2 0.158 0.109 0.201 
PT 1 462 0.407 0.098 1 0.377 0.530 0.252 
PT 2 672 0.593 0.069 1 0.402 0.479 0.339 
RU 1 446 0.294 0.116 2 0.266 0.241 0.287 
RU 2 350 0.231 0.080 2 0.221 0.187 0.251 
RU 3 435 0.287 0.078 2 0.305 0.280 0.327 
RU 4 284 0.187 0.092 2 0.218 0.180 0.251 
SE 1 741 0.540 0.080 1 0.407 0.555 0.286 
SE 2 628 0.458 0.101 1 0.390 0.553 0.258 
SI 1 312 0.283 0.076 2 0.287 0.268 0.304 
SI 2 478 0.433 0.081 1 0.400 0.510 0.310 
SI 3 313 0.284 0.064 2 0.264 0.245 0.281 

Note: Class refers to the number within the country of that belief system, the numbers do not refer to 
anything meaningful. Density refers to the mean absolute correlation Mean correlation with Group 1/2 
refers to the mean between-belief system correlations of that belief system with other belief systems in 
either Group 1 or 2. Group membership with an asterisk indicates that these belief systems were placed in 
Group 1 with the walktrap algorithm (see Robustness analyses in Appendix 3). 
  



Table A6: Results from multilevel logistic regression with Group 1 membership as dependent variable 
 Group 1 membership 
Intercept -1.635*** 

(0.184) 
Less educated (ref.) 

  
Middle educated 0.378*** 

(0.047) 
Higher educated 1.054*** 

(0.055) 
Household income 0.067*** 

(0.007) 
Female (male = ref.) 0.167*** 

(0.033) 
Age -0.164*** 

(0.017) 
Religious -0.268*** 

(0.037) 
Urbanization 0.188*** 

(0.014) 
Ethnic minority -0.685*** 

(0.070) 
Country level variance  0.343 
Log likelihood -10909.250 
N individuals 17939 
N countries 12 

Note: + p<0.010, * p<0.050, ** p<0.010, *** p<0.001, standard errors in brackets. Analysis performed only 
on countries (N = 12) that include belief systems in both groups: Austria, Belgium, Estonia, France, 
Germany, Ireland, Israel, Italy, Poland, Slovenia, Switzerland, and United Kingdom. 
 
Table A7. Summary of logistic regressions predicting belief system membership of all belief systems with 
demographic variables. 

Variable 
Mean partial explained 

variance 
% of belief systems with 

significant relation 
Middle educated 0.29% 31% 
Higher educated 1.10% 67% 
Income 0.40% 41% 
Female 0.37% 47% 
Age 0.50% 41% 
Religious 0.47% 46% 
Urbanization 0.57% 59% 
Ethnic minority 0.61% 21% 

Note: partial explained variance calculated by comparing R2 of models with and without each predictor, 
each time including all other predictors. To prevent exclusion of respondents, when excluding either the 
middle or higher educated predictor, the other education predictor has both other education categories as 
reference, rather than less educated as reference category. Mean partial explained variance of the entire 
education variable is 1.57%. 
 



Table A8. Results from multilevel multinomial regressions with voting behavior contrasts as dependent variables 
 Vote behavior 
 Loyalty (ref.) Far left Populist far left Populist Populist far 

right 
Far right Exit 

Intercept 
 

-0.529 
(0.616) 

-0.641 
(0.595) 

-5.441*** 
(1.363) 

0.585 
(0.459) 

-7.067*** 
(0.741) 

2.303*** 
(0.179) 

Group 1 
(Group 2 = 
ref.)  

-0.396*** 
(0.108) 

-0.248* 
(0.122) 

-0.330* 
(0.145) 

-1.099*** 
(0.081) 

0.000 
(0.150) 

-0.480*** 
(0.047) 

Less educated 
(ref.)  

      

Middle 
educated  

-0.270+ 
(0.139) 

0.003 
(0.158) 

-0.065 
(0.172) 

-0.211* 
(0.086) 

-0.129 
(0.225) 

-0.694*** 
(0.057) 

Higher 
educated  

-0.183 
(0.164) 

0.048 
(0.190) 

-0.770** 
(0.245) 

-0.747*** 
(0.114) 

0.329 
(0.242) 

-1.272*** 
(0.075) 

Household 
income  

-0.056** 
(0.021) 

-0.168*** 
(0.024) 

-0.045 
(0.029) 

-0.038** 
(0.014) 

-0.096** 
(0.029) 

-0.133*** 
(0.009) 

Female (male 
= ref.)  

0.015 
(0.101) 

-0.275* 
(0.116) 

-0.170 
(0.133) 

-0.317*** 
(0.066) 

-0.104 
(0.142) 

0.002 
(0.044) 

Age 
 

-0.014*** 
(0.003) 

-0.009** 
(0.004) 

-0.023*** 
(0.004) 

-0.014*** 
(0.002) 

-0.032*** 
(0.004) 

-0.040*** 
(0.001) 

Religious 
 

-0.361** 
(0.113) 

-0.918*** 
(0.126) 

0.151 
(0.175) 

0.215** 
(0.075) 

1.579*** 
(0.252) 

-0.238*** 
(0.045) 

Urbanization 
 

-0.174*** 
(0.043) 

-0.026 
(0.048) 

0.076 
(0.061) 

-0.065* 
(0.030) 

0.221*** 
(0.058) 

-0.010 
(0.019) 

Ethnic 
minority  

-0.614+ 
(0.347) 

0.130 
(0.286) 

-0.433 
(0.438) 

-0.989*** 
(0.250) 

1.344*** 
(0.197) 

0.573*** 
(0.092) 

Country 
random effect  

1.000 
(.) 

0.960*** 
(0.112) 

3.246*** 
(0.334) 

-0.899*** 
(0.090) 

0.821*** 
(0.125) 

-0.108*** 
(0.030) 

Country level 
variance 
(Voice) 

1.431* 
(0.627) 

 

    

 
N 14762       

Note: + p<0.010, * p<0.050, ** p<0.010, *** p<0.001, standard errors in brackets. Analysis performed only on countries (N = 12) that include 
belief systems in both groups. 



Table A9: Predicted means across types of voting and groups 
Voting Group Predicted mean SE p Lower bound Upper bound 
Loyalty Group 1 .698 .025 .000 .649 .746 
 Group 2 .570 .026 .000 .520 .620 
Far left Group 1 .024 .007 .000 .011 .037 
 Group 2 .030 .008 .000 .014 .047 
Populist far left Group 1 .019 .005 .000 .009 .029 
 Group 2 .020 .005 .000 .010 .031 
Populist Group 1 .029 .022 .176 -.013 .072 
 Group 2 .032 .023 .159 -.012 .076 
Populist far right Group 1 .053 .017 .002 .019 .087 
 Group 2 .119 .032 .000 .056 .182 
Far right Group 1 .009 .002 .000 .004 .013 
 Group 2 .007 .002 .000 .004 .011 
Exit Group 1 .168 .010 .000 .150 .187 
  Group 2 .221 .011 .000 .199 .243 

 

Table A10: Contrasts and significance between types of voting and groups 
Contrast Δ SE p 

Loyalty -0.127 0.013 0.000 
Far left 0.006 0.003 0.060 
Populist far left 0.002 0.002 0.512 
Populist 0.002 0.002 0.283 
Populist far right 0.066 0.016 0.000 
Far right -0.001 0.001 0.258 
Exit 0.053 0.008 0.000 

 

Appendix 2: Modifications to the CCA algorithm 

Modification one: reverse coding 

In the first step of CCA the algorithm calculates correlations between the response patterns of all 

respondents. The direction of the variables affects these correlations since reverse coding a number of 

variables changes the values of those variables, without changing the other values in the same row. Whereas 

recoding a variable normally only changes the sign of the correlation without affecting the absolute value 

of the correlation, here it affects the size of the correlation itself. This is a particular problem when the 

variables are on different scales. Consider two participants with responses to five items. The first four are 

on 7-point scales and the last item is on a 5-point scale. Participant A has responses {1, 2, 3, 4, 5} and 



Participant B has responses {7, 6, 5, 4, 3}. These participants’ responses are rescaled to range from 0 to 1 

and are strongly negatively correlated (r = -.87). However, if only the last item is reverse scored, the 

correlation is weaker (r = -.47). If only the first item is reverse scored, the correlation is similar in size, but 

with a slightly different estimate (r = -.81). There is no objectively correct direction a variable assessing 

political attitudes should be coded in. Therefore, we calculate the correlations between response patterns 

1000 times, each time reverse coding a random subset of a random number of variables. The resulting 

correlations are normally distributed and give a stable estimate of the mean correlation. We take this mean 

correlation after 1000 iterations as the correlation between individuals. This modified approach provides a 

more stable result than that of the original method. 

 

Modification two: individuals with missing values 

The standard CCA algorithm does not allow for individuals with any missing values. This excludes a large 

part of the initial sample. These missing values are not distributed randomly, so some groups (e.g. less 

educated, poorer individuals) are less likely to be included in the analyses. To include a broader range of 

participants, we adjusted our procedure to allow individuals to have a maximum of two missing values. In 

the CCA analysis, we calculate correlations between individuals with the maximum number of items 

available for each pair (pairwise complete observation). If both respondents have missing values on different 

variables this would mean the correlation is calculated over 16 variables (20 total variables - 2 participants 

* 2 missing values). This was the case for, over the 23 countries, 1% of the respondents, 5.6% had 16 or 17 

missing values. As the CCA algorithm excludes correlations that are nonsignificant (at p < 0.01), 

(non)significance is calculated with the used amount of items for each correlation. This method increased 

the total sample size by 44% (11356 respondents), to a total of 37118 respondents. The resulting belief 

systems were also calculated with pairwise complete observations, so each correlation between items in a 

belief system was calculated with the maximum amount of information in that class. The rest of the CCA 

algorithm proceeds as elaborated in Boutyline (2017). 

 



Appendix 3: Robustness analyses 

Reliability check of sample size and selection of respondents 

The results can be dependent on who the respondents are that are included in the CCA analyses. To 

investigate this reliability of CCA we have, for every country, rerun the clustering algorithm on a series of 

random subsamples of the original sample. We then compared the new class membership results with the 

old one for that subsample of respondents by calculating the Cramérs V of the membership crosstable. We 

run 100 iterations per country (subsample size is 50% of original number of respondents) and take the mean 

of these Cramérs V’s per country. Table 6 reports the means and distribution of Cramérs V across countries. 

The mean of these is 0.83 which corresponds to about 10% of respondents placed in a different class than 

before (assuming ‘misplaced’ respondents are equally distributed across the classes). This indicates that 

CCA is quite robust for the selection of respondents.  

 

Table A11: Mean and distribution of Cramérs V of comparison between subsampled and original CCA 
membership results 
Country Mean p5 Median p95 
Austria 0.878 0.839 0.880 0.910 
Belgium 0.931 0.899 0.933 0.958 
Switzerland 0.816 0.662 0.839 0.913 
Czechia 0.697 0.581 0.701 0.805 
Germany 0.769 0.661 0.765 0.892 
Estonia 0.819 0.752 0.823 0.875 
Spain 0.918 0.871 0.920 0.953 
Finland 0.876 0.833 0.879 0.915 
France 0.806 0.677 0.814 0.906 
Great Britain 0.806 0.705 0.813 0.904 
Hungary 0.828 0.760 0.826 0.886 
Ireland 0.850 0.705 0.874 0.920 
Israel 0.801 0.674 0.816 0.899 
Iceland 0.737 0.585 0.724 0.889 
Italy 0.896 0.812 0.904 0.934 
Lithuania 0.732 0.627 0.737 0.821 
Netherlands 0.890 0.802 0.901 0.955 
Norway 0.947 0.916 0.950 0.972 
Poland 0.757 0.644 0.770 0.832 
Portugal 0.918 0.870 0.919 0.956 



Russia 0.750 0.604 0.767 0.850 
Sweden 0.929 0.889 0.933 0.953 
Slovenia 0.829 0.704 0.842 0.906 
Mean 0.834 0.742 0.840 0.905 

Note: Based on 100 iterations of subsampling 50% of the respondents per country. 

 

Replication in Round 4 of the European Social Survey 

For the CCA analyses having a large number of items fits our purpose of investigating people’s general 

belief systems. Round 8 of the ESS contains a large number of beliefs and is well suited for our goals also 

due to it containing relatively recent data (2016). Round 4 (2008) of the ESS also contains such a relatively 

large number of items (19) and hence we have repeated the above analysis on this wave. This round also 

contains the social benefits module, and hence multiple items (apart from the items in the default ESS 

modules) are similar across the two rounds. 

In Round 4 we find 98 classes over 29 countries, of which the average number of classes per country 

is slightly higher than Round 8. Clustering analysis showed similar results as Round 8, though the two 

groups are reversed. Two groups were found where the second (rather than the first) group consists almost 

exclusively out of West-European countries. Like Round 8, Group 2 had a much higher meta-density than 

Group 1 (0.489 vs. 0.322 in Group 1), but they do not differ in terms of within-belief system density (0.091 

vs. 0.091). Demographics differences between the groups were similar compared to Round 8, though no 

difference in gender was found. The only difference that was found that while structurally, both groups 

average belief systems contained a cultural and an economic factors, these were only found when extracting 

four factors in Group 1. These factors correlated positively in Group 2 and negatively in Group 1 (similar 

to Round 8). However, that only the fourth factor in Group 1 can be interpreted as a cultural dimension, 

implies that this is not a strong aspect of this group. Overall, however, the results are mostly similar to 

Round 8. 

 

 



Clustering algorithm for finding groups of belief systems 

Our clustering algorithm (leading eigenvector) found two groups of networks but it might that this clustering 

is dependent on the algorithm being used. We have tested three alternative commonly used algorithms that 

are available in the igraph R package: fastgreedy, edge betweennness, and walktrap. Fastgreedy gave near 

identical results from the leading eigenvector, with only one belief system (Estonia 3) being switched to 

Group 1. Edge betweenness only found one single cluster containing all belief systems. Walktrap did find 

two clusters, but classified the belief systems differently to these clusters. There were 13 belief systems 

from Group 2 that were placed in Group 1 instead. These belief systems are all belief systems positioned 

relatively closely to Group 1 in the belief systems network. To compare these results to the results above, 

we have reproduced Table 2, but separated the thirteen belief systems in a separate group (Group 3), see 

Table A12. There we see that Group 3 mostly follows the gradient patterns found in between-system density 

and also mean of belief system densities found above, though positioned in between Group 1 and Group 2. 

Between-system density was strongest for Group 1 and weaker for Group 2, Group 3 takes a middling 

position in this pattern. For mean of belief system densities, we saw no differences for Group 1 and Group 

2, though we did see lower densities in the middle of the network, and higher densities towards the outside. 

Indeed, Group 3 has lower mean of belief system density than both Group 1 and Group 2. These differences 

are not large (including the increase in mean density for Group 2). Further, the correlation between the 

economic and cultural dimension is also negative for Group 3 (M = -0.19; range: [-0.35, 0.05]), though 

weaker than for the remaining Group 2 belief systems (M = -0.30; range: [-0.48, -0.04]). These thirteen 

belief systems are not necessarily unstructured belief systems, they resemble more weakly structured 

alternative belief systems, than actual unstructured belief systems.  

  



Table A12: Descriptive statistics on Group 1, Group 2, and Group 3 belief system groups 
 Group 1 Group 2 Group 3 
Number of belief systems 32 25 13 
Between-system density 0.509 0.269 0.376 
Similarities 0.515 0.396 0.446 
Mean of belief system densities 0.092 0.095 0.081 
Mean economic-cultural  correlation 0.349 -0.297 -0.189 

Note: Group 1 is white, and Group 2 is gray in Figure 1 (main text), Group 3 are the thirteen belief systems 
classified as belonging to Group 1 with the walktrap algorithm in the robustness analyses. Directional 
similarity calculates the proportion of within-belief system correlations that are in the same direction 
(positive/negative) between two belief systems, the mean is the mean of all belief systems in a group with 
all other belief systems in that group.  
 

Appendix 4: Testing fit of belief systems versus single population-level correlation matrix with Structural 

Equation Modelling. 

Boutyline (2017) suggests to test whether the different belief systems give a better fit to the data than a 

single correlation matrix. It is possible that CCA finds different belief systems, even though a single 

correlation matrix gives a statistically equally likely fit. Using Structural Equation Modelling (SEM) we can 

test to what extent this is the case. For this we model, for each country, two SEM models. Both use a similar 

syntax (i.e., the actual model being estimated in SEM), namely we specify the entire covariance matrix (in 

case of a CCA with four beliefs: x1 ~~ x2+x3+x4, x2 ~~ x3+x4, x3 ~~ x4). Then both models are specified 

using lavaan’s SEM command with a group option specifying belief system membership, but the first model 

restricts all parameters to be equal among all groups (using the group.equal option) and the second allows 

all parameters to vary between the groups. This produces two nested models that can be directly compared. 

The first models a single correlation matrix for the entire population, the second models the different belief 

systems. Table A13 displays the fit statistics (AIC, BIC, and Chi²) of these models for each country.  

For both AIC and the Chi² test we see for all countries that the different belief systems give a better 

fit than the population-level matrix. For BIC this is the case for 16 out of 23 countries. For seven countries 

a population matrix gives a better fit than the CCA results. Of these seven countries, four have three belief 

systems (out of 13 in total with three belief systems) and three have four belief systems (out of 9 in total). 

Thus, we see that the more belief systems a country contains, the more likely it is that the population-matrix 



is preferred. The test does not indicate whether a two (or three) belief system solution would have provided 

a better fit than a population-matrix. The difference between the AIC and Chi² and BIC is likely due to the 

fact that BIC punishes model complexity more than AIC. It is thus likely that the complexity of a model 

with three and especially four belief systems might be too high, without it providing a much better fit to the 

data compared to only three or especially two belief systems. In all countries with two belief systems (and 

also the one country with five belief systems) the CCA results are preferred over the single population-level 

matrix. 

 
Table A13: Fit statistics of the SEM models comparing belief systems (CCA) and population-level 
correlation matrices per country. 
 AIC BIC Chi² 
Country Population CCA Δ Population CCA Δ Chi2 Δ Df Δ p 
AT -5661.16 -8995.20 -3334.05 -4401.57 -5216.44 -814.87 4254.05 460 0.000 
BE -10335.25 -12234.77 -1899.52 -9088.37 -9741.02 -652.65 2359.52 230 0.000 
CH -9234.58 -11322.03 -2087.45 -8042.46 -7745.69 296.78 3007.45 460 0.000 
CZ -1988.28 -6521.96 -4533.68 -709.46 -1406.69 -697.23 5913.68 690 0.000 
DE -16897.79 -21466.45 -4568.67 -15547.56 -17415.77 -1868.21 5488.67 460 0.000 
EE -11549.00 -15106.05 -3557.05 -10280.47 -10031.93 248.54 4937.05 690 0.000 
ES -5607.40 -7338.31 -1730.91 -4386.28 -4896.07 -509.79 2190.91 230 0.000 
FI -15810.35 -18891.13 -3080.79 -14547.01 -15101.13 -554.12 4000.79 460 0.000 
FR -6231.51 -9355.21 -3123.70 -4954.49 -5524.17 -569.67 4043.70 460 0.000 
GB -11817.30 -14715.97 -2898.68 -10554.47 -10927.51 -373.04 3818.68 460 0.000 
HU -4095.04 -6242.63 -2147.59 -2926.05 -2735.67 190.38 3067.59 460 0.000 
IE -10336.98 -15189.87 -4852.89 -9010.70 -11211.04 -2200.34 5772.89 460 0.000 
IL -1869.51 -6511.06 -4641.55 -599.36 -2700.61 -2101.25 5561.55 460 0.000 
IS -6337.02 -7491.17 -1154.16 -5262.74 -4268.34 994.40 2074.16 460 0.000 
IT -8087.43 -11717.70 -3630.27 -6806.58 -7875.16 -1068.58 4550.27 460 0.000 
LT -4978.23 -10434.01 -5455.79 -3759.58 -4340.80 -581.22 7295.79 920 0.000 
NL -12261.28 -14998.87 -2737.59 -11033.04 -11314.14 -281.10 3657.59 460 0.000 
NO -12227.44 -13889.40 -1661.97 -11016.39 -11467.31 -450.92 2121.97 230 0.000 
PL -5698.21 -8191.24 -2493.03 -4509.62 -3436.86 1072.76 3873.03 690 0.000 
PT -4835.54 -6192.88 -1357.35 -3677.83 -3877.47 -199.64 1817.35 230 0.000 
RU -4947.83 -8116.17 -3168.34 -3723.50 -3218.85 504.65 4548.34 690 0.000 
SE -9279.83 -10858.10 -1578.27 -8078.81 -8456.05 -377.24 2038.27 230 0.000 
SI -6196.72 -7883.99 -1687.27 -5045.38 -4430.00 615.39 2607.27 460 0.000 

Note: For AIC and BIC, lower values (stronger negative) indicate better fit. Negative AIC and BIC delta’s 
indicate a better fit for the CCA results. For Chi² Δ higher values indicate better fit for CCA results, p-
value indicates whether this fit is significantly better than the population-level matrix. 
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