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JAGS script

The JAGS (Plummer, 2003) script that was used for the biometric analysis
described in the paper can be found at the end of this document. As similar
syntax is used, the script can be used also in the free software package WinBUGS
(Lunn, Thomas, Best, & Spiegelhalter, 2000) with minor adaptations. As an
interface from R to JAGS, the rjags package was used (Plummer, 2013). The
same script without the IRT part was used for the sum score analysis.

Homogeneity analysis: category point plots for all items

In order to interpret what the two dimensions represent, we plotted category
points plots for the “yes”, “no” and “?” answers. The category points plots for
items with a high loading on the first dimension can be found in Figure 1 and
Figure 2 and Figure 3 shows the category points plots for items with a high
loading on the second dimension. Proportion of “yes”*, ‘?” and “no” answers
were added to all category points plots.
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Figure 1: Category plots for items with high loadings on dimension 1 (part I).
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Figure 2: Category plots for

Dimension 1

items with high loadings on dimension 1 (part II)
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Figure 3: Category plots for items with high loadings on dimension 2.



Observed and expected number of responses

Observed number of responses for each response category as well as expected
number of responses for each response category under the Generalized Partial
Credit Model (GPCM) were plotted for ordered bins of total scores.

As stated in the manuscript, item fit statistics showed the largest chi-square
value for the “Liberalism” item. Figure 4 however shows that there is no sys-
tematic misfit for this item: the red lines (observed number of responses) largely
overlap with the corresponding black lines (number of responses predicted by
the fitted GPCM), as they do for all items. Figure 5 shows model fit based on
twin data only.
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Figure 4: Observed (black) and expected (red) number of responses for each
response category (“yes” = dotted line, “no” = solid line , “?” = dashed line),
for ordered bins of total score (x-axis). Parent and twin data.
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Figure 5: Observed (black) and expected (red) number of responses for each
response category (“yes” = dotted line, “no” = solid line , “?” = dashed line),
for ordered bins of total score (x-axis). Twin data only.
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JAGS script

#Following script incorporates an ACE model with a generalized
#partial credit (GPCM) IRT model
#while modelling AxzE and AzC genotype—environment interaction effects.

#y_dz Item responses of DZ twins (matriz)
#y_mz = Item responses of MZ twins (matriz)
#n_mz = Number of MZ twin pairs,

#n_dz = Number of DZ twin pairs,

#n_items = Number of items administered

#Required structure of the y_dz/y_-mz data matriz:
#y_dz[i, k] = kth datapoint from the ith DZ twin pair
#y_mz[i, k] = kth datapoint from the ith MZ twin pair

#This results in a matriz of n_mz (or, in case of y_-dz, n_dz)
#rows and 2%«n_items columns

#e.g. y_mz[1,22] is the response of MZ twin 1 from family 1 to item 22
#and y_-mz[1,23] is the response of MZ twin 2 from family 1 to item 1
#if n_items = 22

#JAGS uses precision parameters for the wvariance parameters.
#Therefore, after running the script, these precision parameters
#should be inverted. For example:

#var_a <— 1/outputAnalysis$tau_af,,1] with the rjags package

model{

#MZ twins

for (i in 1:n_mz){
comz[i] 7 dnorm(0, tau_c_mz[i])
amz[i] 7 dnorm(0, tau_a)

tau_c_mz[i] <— 1/(exp(gamma0 + gammalsa_mz[i]))
tau_e_mz[i] <— 1/(exp(beta0 + betalxa_mz[i]))

#Phenotypic values:
mz[i,1] 7 dnorm(a_mz[i] + c_mz[i], tau_e_mz[i])
mz[i,2] 7 dnorm(a_mz[i] + c_mz[i], tau_e_mz[i])

for (j in 1l:n_items){
for (k in 1:3){
etali,j,k] <— alpha[j] * (mz[i,l1]—beta[j,k])
psum|[i,j,k] <— sum(eta[i,j,1: k])
exp_psum]|[i,j,k] <— exp(psum [i,],k])



45 prob[i,j,k] <— exp_psum]i,j,k]/sum(exp_psum [i,j,1:3])

46 }

47 }

48

49 for (j in (n_items+1):(2*n_items)){

50 for (k in 1:3){

51 eta[i,j,k] <— alpha[j—n_items] = (mz[i,2]—beta[j—n_items, k])
52 psum [i,j,k] <— sum(eta[i,j,1: k])

53 exp_psum [i,]j,k] <— exp( psum [i , j , k])

54 prob [i,j,k] <~ exp_psum]|i,]j,k]|/sum(exp_psum [i,],1:3])
55 }

56 }

57

58 for (j in 1:(2#n_items)){

59 yomz[i,j] 7 dcat (prob[i,j,1:3]) # multinomial dist. data
60 }

61

62 } #end MZ twins

63

64 #DZ twins

65 for (i in 1l:n_dz){

66 c_dz[i] 7 dnorm(0, 1)

67

68 al_dz[i] 7~ dnorm(0, doubletau_a)

69 a2_dz[i,1] 7 dnorm(al_dz[i], doubletau_a)

70 a2_dz[i,2] 7 dnorm(al_dz[i], doubletau_a)

71

72 tau_c_dz[i,1] <— exp(gammal + gammal=xa2_dz[i,1])

73 tau_c_dz[i,2] <— exp(gammal + gammalxa2_dz[i,2])

74

75 c_dz_twinl[i] <— c_dz[i] * sqrt(tau_c_dz[i,1])

76 c_dz_twin2[i] <— c_dz[i] * sqrt(tau_c_dz[i,2])

7

78 tau_e_dz[i,1] <— 1/(exp(betal0 + betal*xa2_dz[i,1]))

79 tau_e_dz[i,2] <— 1/(exp(betald + betalxa2_dz[i,2]))

80

81 dz[i,1] 7 dnorm(a2_dz[i,1] + c_dz_twinl[i], tau_e_dz[i, 1])
82 dz[i,2] 7 dnorm(a2_dz[i,2] + c_dz_twin2[i], tau_e_dz[i,2])
83

84 for (j in 1l:n_items){

85 for (k in 1:3){

86 etadz [1,j,k] <— alpha [j] = (dz[i,l]—beta [j,k])
87 psumdz [i,j,k] <— sum(etadz[i,j,1: k])

88 exp_psumdz[i,j,k] <— exp(psumdz [i,],k])

89 probdz [i,j,k] <— exp_psumdz [i,],k]/sum(exp_psumdz[i,j,1:3])
90 }
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for (j in (n_items+1):(2*n_items)){
for (k in 1:3){
etadz [1,j,k] <— alpha[j—n_items] * (
psumdz [i,j,k] <— sum(etadz[i,j,1:k]
exp_psumdz [i,j,k] <— exp(psumdz [i,
probdz [i,j,k] <— exp_psumdz [i,j, k]

for (j in 1:(2#n_items)){
y-dz[i,j] = dcat (probdz[i,j,1:3]) # multinomial dist. data

}
} #end DZ twins

#D7Z twins genetic correlation 0.5:
doubletau_a <— 2xtau_a

#Set alpha of item 8 to 1 to identify the scale,
alpha[3] < 1

#for the rest of the alpha parameters:

#lognormal prior with expectation of 0 (log(0) = 1) and variance of 10
alpha[l] 7 dlnorm (0, .1)

alpha[2] 7 dlnorm (0, .1)

for (j in 4:n_items){
alpha[j] 7 dlnorm(0, .1)
}

#Beta IRT parameters: Use mormal distribution with ezxpectation of 0 and
#variance of 10:
for (j in l:n_items){

beta [j , 1] <— 0.0

for (k in 2:3){
beta [j , k] 7 dnorm (0, .1)
}

}

#Priors for wariance components,intercepts and interaction effects:
tau_a ~ dgamma(1l,1)

beta0 ~ dnorm(-—1,.5)

betal ~ dnorm(0,.1)

gamma0 ~ dnorm(—1,.5)



137 gammal ~ dnorm(0,.1)
138}
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