
Supplementary Information for �Ideology in European Mass

Publics, 1981-2016�

Contents

1 Availability of Data by Survey Question and Country 2

2 Inter-Item Correlations and Scree Plots 4

3 Results for the Social Domain Excluding Environmental Issues 10

4 Full Regression Results for the Welfare Generosity Model (Figure 9) 12

5 Full Regression Results for the Relationships between Our Models and other Proxies

for Ideology 14

6 User Guide for Extending Our Estimates of Policy Ideology in Europe 16

6.1 Accessing our Measures of Ideology by Country and Period . . . . . . . . . . . . . . . . . . . 16
6.2 Interpretation of the Scales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

6.2.1 The role of the original survey data . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
6.2.2 Interpreting Economic Mood vs. Conservatism . . . . . . . . . . . . . . . . . . . . . . 16

6.3 Modifying or Extending our Measures: Considerations . . . . . . . . . . . . . . . . . . . . . . 17
6.3.1 Producing estimates for di�erent ideological domains, or modifying our existing domains 17
6.3.2 Producing estimates with di�erent demographic subgroups . . . . . . . . . . . . . . . 18

7 Details of Surveys and Survey Items Items Included in the Models 19

8 Exposition of the Ordinal DGIRT Model 33

8.1 Individual-Level Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
8.2 Group-Level Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
8.3 Sampling Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.4 Dynamic Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.5 Priors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.6 Identi�cation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
8.7 Likelihood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

9 Stan Code for the Ordinal DGIRT Model 35

10 Additional Details on Convergent Validation 39

1



1. Availability of Data by Survey Question and Country

Figure S1 shows the availability of the survey questions in our data on each domain by biennium. It illustrates
the sparseness of the raw survey data. For example, no individual survey question is available in every period.

Figure S1: Coverage of Questions in the three datasets
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Note: Each square represents the appearance of a given question in a given biennium in the relevant ideological dimension.
See the Appendix for full details of each question.
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Figure S2 shows the coverage of countries in our data on each domain across time. It shows the sparseness
of the survey data both cross-sectionally across countries and longitudinally within countries.

Figure S2: Coverage of Countries in the three datasets
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Note: Each square represents the appearance of a given country in a given biennium in the relevant ideological dimension

3



2. Inter-Item Correlations and Scree Plots

Our approach is �non-exploratory� in the sense that the dimensionality of the model and issue categorization
of survey questions are based on ex ante substantive assumptions rather than inductive statistical evidence.
Underlying our analysis, however, are the implicit assumptions that public opinion is correlated within each
of our substantive domains (economic conservatism, economic mood, social, and immigration), and that
latent conservatism is approximately unidimensional within domain. In this appendix, we present evidence
in support of each of these assumptions.

First, we examine the inter-item correlations between the items used to generate each conservatism scale
(Figures S3�S6). Due to the prevalence of missing responses, we �rst summarized the raw data by averaging
each question within group-biennia (de�ning groups as age × gender × country), centering these averages
within year (to eliminate time e�ects), and then averaging across biennia within groups. The variance in the
transformed dataset is therefore purely cross-sectional. We then calculated the pairwise correlation matrix of
the question averages. In general, we �nd that survey questions within a given domain are highly correlated

To assess the dimensional structure within each domain, we calculated the eigenvalues of the correlation
matrix just described. The scree plots in Figure S6 plot each eigenvalue's proportion of the total variance,
alongside the eigenvalues of 20 randomly simulated datasets with the same sample size and missiningness
pattern. Each scree plot exhibits an �elbow� after the �rst dimension, which explains at least twice as
much variance as the second dimension. This suggests that a single latent dimension summarizes the bulk of
systematic variation within issue domains. A single dimension does not capture all domain-speci�c variation,
however, as indicated by the fact that in every domain at least 3 eigenvalues are higher than the distribution
of randomly simulated eigenvalues. Indeed, as the correlation plots�particularly Figures S3 and S4�
suggest, each domain contains a few questions that, though substantively related to the domain's content,
display little covariation with other questions. Nevertheless, the scree plots do support our contention that
unidimensionality within domains is a reasonable approximation.
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5

Figure S3: Inter-Item Correlations for the Economic Conservatism Scale
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Figure S4: Inter-Item Correlations for the Economic Mood Scale
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Figure S5: Inter-Item Correlations for the Social/Postmaterial Issues Scale
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Figure S5: Inter-Item Correlations for the Immigration Issues Scale
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Figure S7: Scree plots for the four survey datasets. Black lines represent the eigenvalues of
20 randomly simulated datasets.
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3. Results for the Social Domain Excluding Environmental Issues

Although environmental issues have often been seen as part of a second, `postmaterial' dimension (Inglehart
1995), not all authors agree (e.g., Kriesi et al. (2006)). Thus some readers may wonder whether their inclusion
drives our results. To check this, we re-estimated our models without environmental issues in the social scale
and found that our results were virtually identical. The main results are shown below in Figures S8 and S9,
which are the same as the social issues sections of Figures 1 and 3 in the paper except that environmental
issues are removed. As in Figure 2, in Figure S9 the countries are ordered from most to least conservative
on average. Section 2 above also shows that the environmental items are in fact positively correlated with
the other social issues items.

Figure S8: Trends in Mass Conservatism by Gender, Age Group and Dimension (Excluding
Environmental Issues from the Social/Postmaterial Scale)
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Figure S9: Social Conservatism Within Countries Over Time (Excluding Environmental Issues
from the Social/Postmaterial Scale)
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4. Full Regression Results for the Welfare Generosity Model (Fig-

ure 9)

Here we show the full regression results that are reported in Figure 8 of the paper. The models explain
welfare generosity using our economic conservatism measure as well as previous proxies for ideology (left-
right placement and median voter positions). All models focus on variation within countries only: there are
two-way �xed e�ects controlling for both country and biennium. Due to the small number of clusters, P
values were calculated using the wild bootstrap method (Esarey 2016), clustering by country. The outcome
variable is the net replacement rate. A score of 100% on this metric implies an extremely generous welfare
system that replaces all lost income when unemployed, and a score of 0% a system that replaces none at all.

For each measure, we conducted two sets of analysis. The �rst consisted of two-way �xed-e�ects regression
for each of the three measures in turn, containing all possible observations. The sample sizes and coverage
di�er across these regressions, mainly because median-voter scores are often missing and are only available
up to 2004, forcing us to drop almost 70% of country-biennia for that measure.1 The second analysis also
consisted of three regressions, this time with a dataset consisting only of complete observations, so that the
samples were identical in each case.

As explained in the paper, the results show that only our measure of economic conservatism is negatively
related to welfare generosity, as theories of policy responsiveness would predict. In the model with all
available data, a one-unit rise in economic conservatism (which equals 1.2 standard deviations) is estimated
to lead to a fall of 3 percentage points in the net replacement rate. Paradoxically, the coe�cients for left-right
placement imply that as countries become more conservative, welfare generosity rises.

1. The median voter positions come from an update to the original Kim-Fording dataset produced by De Neve (2011). They
are available only in country-biennia when elections were held, and even in this updated data set, they are also only available
up to 2004.

12



T
a
b
le

S
1
:
R
e
g
re
ss
io
n
M
o
d
e
ls
E
x
p
la
in
in
g
P
ro
x
ie
s
fo
r
E
u
ro
p
e
a
n
C
o
u
n
tr
ie
s'
Id
e
o
lo
g
ic
a
l
P
o
si
ti
o
n
s
w
it
h
o
u
r
D
o
m
a
in
-S
p
e
c
i�
c

M
e
a
su
re
s

S
a
m
p
le
:

A
ll
A
va
ila
bl
e
D
at
a

B
al
an
ce
d
D
at
as
et

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

C
oe
f.

P
-V
al
ue

C
oe
f.

P
-V
al
ue

C
oe
f.

P
-V
al
ue

C
oe
f.

P
-V
al
ue

C
oe
f.

P
-V
al
ue

C
oe
f.

P
-V
al
ue

L
ef
t-
R
ig
ht

P
la
ce
m
en
t

11
.9
3

0.
13

19
.6
1

0.
07
7

M
ed
ia
n
V
ot
er

P
os
it
io
n

0.
00
33

0.
94

-0
.0
55

0.
47

E
co
no
m
ic
M
oo
d

-3
.0
3

0.
03
7

-2
.7
1

0.
02
7

O
bs
er
va
ti
on
s

20
7

10
3

24
5

66
66

66

N
o
t
e
s
:

A
ll
m
o
d
el
s
in
cl
u
d
e
co
u
n
tr
y
a
n
d
p
er
io
d
�
x
ed

e�
ec
ts

P
va
lu
es

ca
lc
u
la
te
d
u
si
n
g
th
e
W

il
d
b
o
o
ts
tr
a
p
m
et
h
o
d
,
cl
u
st
er
ed

b
y
co
u
n
tr
y

13



5. Full Regression Results for the Relationships between Our Mod-

els and other Proxies for Ideology

On the next page, we show the full regression results that are reported on page 37-38 of the main paper,
describing the relationships between other proxies for ideology and our measures of domain-speci�c conser-
vatism. Models 1-5 use left-right self-placement as the dependent variable and models 6-10 use the median
voter position. In all models the unit of analysis is the country-biennium, and standard errors are clustered
by country. Models 1-4 and 5-8 contain only one of the measures as an independent variable; models 5 and
10 contain all four and are referred to as `multivariate' in the paper.

As described in the paper, our domain-speci�c conservatism measures correlate at best modestly with
the previous proxy measures. The left-right scale runs from 0-10, meaning that, for example, a 1-unit rise
in economic conservatism (which equals 1.25 standard deviations) is associated with at most an increase of
0.126 (0.34 of a standard deviation) along the 11-point left-right self-placement scale. Likewise, a 1-unit rise
in immigration conservatism (x standard deviations) is associated with at most an increase of 5.524 (0.45 of
a standard deviation) in the median voter position, whose scale runs from -33.4 to 34.6. As shown by the
R2 statistics, in the multivariate models our measures of ideology explain less than one-�fth of the variation
in the proxy measures.
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6. User Guide for Extending Our Estimates of Policy Ideology in

Europe

This guide helps users to access and interpret our measures. We also o�er guidance on how to modify
or extend the measures, including estimating ideology for di�erent numbers (or types) of dimensions and
potential extensions to other demographic subgroups, countries and future surveys.

6.1. Accessing our Measures of Ideology by Country and Period

The scales by country and two-year period are available for download from [website] in csv format. They
are available as both post-strati�ed national totals (as shown in, for example, Figure 2 of the paper) and
for the individual demographic subgroups (six gender-age groups per country-period, as shown in Figure 1
of the paper).

6.2. Interpretation of the Scales

Here we o�er a few notes on how to interpret our scales for use in substantive applications

6.2.1. The role of the original survey data

It is worth emphasizing that, as with any scaling method, our eventual measures are mainly determined
by the underlying data. Tables 1-3 in the main paper, as well as Section 5.1 (Convergent Validation) show
that the raw survey data exhibit the same temporal and cross-country patterns as our scales. For instance,
our �nding that Northern European countries � including Scandinavian countries � are more economically
conservative than Southern European countries is a clear feature of the original survey data and is not
`imposed by the model.' Of course, our choice of grouping the data into three dimensions a�ected the results
that we found. But once the questions were grouped, our scales accurately re�ected the data that comprises
each one.

Hence our �ndings, or those of anyone choosing to modify or extend our analysis, can only ever be as
`good' or as `accurate' as the survey data itself. There are a number of potential limitations that could
a�ect the cross-country or over-time comparability of all cross-national survey data or measures derived
from it, including our scales and previous measures of European ideology such as those derived from the
Eurobarometer's question asking respondents to place themselves on a left-right scale. These limitations
include: di�erences in sampling procedures or survey response patterns that lead to measured cross-country
or over-time di�erences in opinion in the absence of genuine di�erences; di�erential item functioning, such
that di�erent people in di�erent countries or periods interpret the same questions di�erently;2 or di�erential
in�uence from the `status quo' across countries (see 2.3 below).

6.2.2. Interpreting Economic Mood vs. Conservatism

As discussed in the main paper, it is important to be cautious when interpreting cross-country di�erences
in our economic mood measure. Whilst our economic conservatism measure should be comparable in an
absolute sense, the mood measure is only interpretable relative to the status quo within a country. Because
relative preferences depend on the policy status quo, two individuals from countries with di�erent policies
may well di�er in their relative preferences even if they share the same absolute preferences. This means
that, for instance, the fact that Swedes are amongst the most conservative in Europe in terms of mood does
not necessarily mean that the average Swede would opt for less redistribution or government spending in an

2. Although, as explained in the paper, we think that the questions making up our surveys are likely to be much less subject
to di�erential item functioning than questions asking for self-described left-right positions
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absolute sense than citizens of other countries. It merely means that the average Swede currently wants cuts
to Swedish government spending more than citizens of other countries want cuts in their own governments'
spending. This is very likely, of course, to re�ect the fact that Swedish government spending is relatively
very high. For substantive applications, therefore, it would make sense to focus on within-country variation
in mood, perhaps using two-way �xed e�ects as we do in Figure 9 of the paper.

6.3. Modifying or Extending our Measures: Considerations

Because our estimates were produced with publicly-available software, it is logistically quite easy for future
users to modify or extend our measures for their own applications. However, the availability of data � both
survey data and demographic data for post-strati�cation � does impose certain constraints. Our replication
archive will contain more speci�c guidance about how to implement our measurement model and places
in the code where speci�c analytical decisions we made can be altered. Here, we o�er some more general
guidance on modi�cations or extensions of our work, particularly the role played by data availability.

6.3.1. Producing estimates for di�erent ideological domains, or modifying our existing do-

mains

As we explain in the paper, our choice of a three-dimensional structure is based on an ex-ante classi�cation
that is consistent with the literature on European politics, rather than data-driven criteria for selecting the
`correct' number of latent dimensions. While our analysis of inter-item correlations in the Supplementary
Information provides an additional statistical justi�cation for our choices, we certainly do not view our paper
as the �nal word on the dimensionality of European politics. Other analysts may wish to make di�erent
choices, and here we explain the issues that arise in doing so.

Logistically, it is very easy to add or delete variables from our existing scales. Our code takes all of
the individual cross-national surveys and amalgamates them into a single large dataset. From there, this
single dataset is broken down into dimension-speci�c datasets (e.g. economic issues). One need only change
2-3 lines of our code in order to reassign a variable from one dimension to another, or exclude a variable
altogether. Adding in a new variable from one of the surveys requires only a little more work: the additional
step of extracting it from the original datasets and potentially re-coding it such that higher values indicate
more conservative opinions.

In principle one could easily estimate ideology across fewer dimensions than we do. The single large
dataset that we create could be used to produce a uni-dimensional measure of ideology, although we think
that our results show that such an enterprise would be inappropriate given the very di�erent cross-national
and over-time patterns across dimensions. A more reasonable enterprise might be to combine the immigration
and social domains into a single second dimension, given that the cross-country patterns are similar across
both domains (even though over-time patterns are very di�erent). Again, this can be achieved with a single
line of our code.

It is more di�cult, but by no means impossible, to produce estimates for a wider set of dimensions. The
constraint that arises is the potential sparse availability of data. In our scales, survey data are available
for virtually every two-year period across a reasonably large set of countries. One reason for this is that
the scales amalgamate a relatively diverse set of questions. For instance, the `social issues' scale includes
questions on gender equality, gay rights, abortion, euthanasia, marijuana legalization, environmental issues
and civil liberties. This is in line with standard de�nitions of the `socio-cultural axis' (see e.g. Inglehart
1995). It could be more challenging to estimate a scale for a single issue like abortion or gay rights simply
because questions on those issues have been asked less often. We emphasize that such an enterprise is by no
means impossible. We merely mean that the results would be based on less data and more imputation than
is the case with our scales.

17



Indeed, one more general issue with an enterprise of this type is that there is a lag between a set of issues
becoming politically salient and their inclusion in cross-national opinion surveys over time and countries. The
fact that we are only able to estimate our immigration scale from 1989 is telling in its own right. It simply
wasn't asked about in cross-national surveys before then. A contemporary example would be authoritarian
values. Questions on authoritarianism have not been asked with much frequency in the past, making it
impossible to estimate an `authoritarian' scale with our method at present. Assuming that such questions
do begin to be asked more often from now on, it might soon be possible to do so.

6.3.2. Producing estimates with di�erent demographic subgroups

With our approach, in principle there are two reasons to estimate ideology at the sub-group level. One is
that an appropriate choice of subgroups can help to more accurately estimate aggregate opinion. When
the groups themselves hold di�erent opinions (e.g., opinions on social issues clearly di�er by age group),
estimating ideological positions for each subgroup �rst and then combining them with post-strati�cation
should yield better estimates of national ideology. The second reason could be that, rather than being
interested in aggregate ideology, the ideological positions of sub-groups are of interest directly. For instance,
one might wish to investigate gender di�erences in ideology. In such a case, there is no need to carry out the
post-strati�cation step.

The distinction between these two cases matters because the latter case requires less data. Extending
our measures to other sub-groups would only require choosing groups that are measured consistently across
all of the surveys in our data, or at least across a su�ciently large subset of them. Besides age and gender
(which we use) education would be an obvious candidate for further sub-group analysis. Virtually every
survey measures whether or not respondents have a degree, or have completed secondary education. Other
possibilities include employees of the public and private sectors, trade union and non-union members, or
urban and rural dwellers. These demographic variables are recorded in many of the surveys.

When using further demographic subgroups as a building block in estimating overall national ideology,
one must also post-stratify the subgroup estimates, which imposes constraints on feasibility. It requires
demographic data on the proportion of the population of each country in each cell de�ned by the subgroups.
In our case, we needed data on the population shares of women aged 16-34, men aged 16-34, women aged
35-59, men aged 35-59, women aged 60+ and men aged 60+. This data is readily available from censuses
and population surveys and is collated across Europe back to the 1960s by Eurostat. However, consistent
data on the population shares of men and women of di�erent ages with certain educational quali�cations is
not readily available, which would make it challenging to use education as a grouping variable. That is why
we did not use education in our analysis, because our ultimate interest was in national ideologies rather than
those of sub-groups.

A �nal consideration when it comes to estimation for further subgroups is computing time. In our
experience, increasing the number of subgroups being estimated leads to substantial increases in computing
time. While we managed to estimate our models with six subgroups within a reasonable timeframe, even
adding one more grouping variable such as whether respondents have a degree would double the number of
subgroups from six to twelve. This is likely to lead the models to require substantially more computational
time.
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8. Exposition of the Ordinal DGIRT Model

8.1. Individual-Level Model

We assume that subject i's latent preference on question q, y∗iq, is governed by the stochastic utility model

y∗iq = βqθi + εiq, (1)

where θi is i's domain-speci�c conservatism, βq is question q's �discrimination,� and εiq ∼ N(0, σ2
q ) is an iid

utility shock. For ordinal question q, the categorical response yiq = k ∈ {1 . . .Kq} is observed if αq,k−1 <

y∗iq ≤ αqk, where αq,k−1 is the �threshold� for response option k to question q. The probability that i selects
response option k is

πiqk = Pr(yiq = k | θi, βq,αq)
= Pr(k − 1 < yiq ≤ k)

= Pr(αq,k−1 < y∗iq ≤ αqk)

= Pr(αq,k−1 < βqθi + εiq ≤ αqk)

= Pr(αq,k−1 − βqθi < εiq ≤ αqk − βqθi)

= Pr

(
αq,k−1 − βqθi

σq
<
εiq
σq
≤ αqk − βqθi

σq

)
= Φ

(
αqk − βqθi

σq

)
− Φ

(
αq,k−1 − βqθi

σq

) (
εiq
σq
∼ N(0, 1)

)
=

[
1− Φ

(
−αqk − βqθi

σq

)]
−
[
1− Φ

(
−αq,k−1 − βqθi

σq

)]
=

[
1− Φ

(
βqθi − αqk

σq

)]
−
[
1− Φ

(
βqθi − αq,k−1

σq

)]
= Φ

(
βqθi − αq,k−1

σq

)
− Φ

(
βqθi − αqk

σq

)
. (2)

Equation (2) is the probit version of the (individual-level) ordinal IRT model.

8.2. Group-Level Model

Suppose the quantity of interest is not individual-level conservatism θi, but rather the average conservatism
θ̄g of population groups g ∈ {1 . . . G}. If conservatism is distributed within groups as

θi[g] ∼ N(θ̄g, σ
2
θ), (3)

then the distribution of latent preferences is

y∗i[g]q ∼ N(βq θ̄g, σ
2
q + σ2

θ) (4)
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and the probability that a randomly sampled member i[g] of group g selects response option k to item q is

Pr(yi[g]q = k | θ̄g, βq,αq, σ2
θ) = Pr(αq,k−1 < y∗i[g]q ≤ αqk)

= Φ

βq θ̄g − αq,k−1√
σ2
q + β2

qσ
2
θ

− Φ

 βq θ̄g − αq,k√
σ2
q + β2

qσ
2
θ

 (5)

= πgqk.

Equation (5) is the probit version of the group-level ordinal IRT model.

8.3. Sampling Model

Let sgqk =
∑
i∈g 1yiq=k denote the number of respondents in group g who selected category k in response

to question q. If (conditional on πgqk) responses are iid sampled within groups, these totals follow the
multinomial distribution

sgq ∼ Multinomial(πgq), (6)

where sgq = (sgq1, . . . , sgqKq
) and πgq = (πgq1, . . . , πgqKq

). The assumption of iid sampling will be violated if
respondents' sampling probabilities are not equal and/or there are multiple responses per respondent (which
would introduce dependence among responses; for details see Fox, Mulder, and Sinharay 2017, 1002). As
noted by Caughey and Warshaw (2015), both problems can be addressed by weighting the responses yiq and
using the weighted sum s∗gqk =

∑
i∈g wi × 1yiq=k. In brief, each subject i is assigned a weight wi that is

inversely proportional to the product of i's (estimated) sampling probability and the number of questions i
answered. The e�ect of the latter is to decrease the e�ective sample size for the estimates of θ̄g in proportion
to the number of duplicated respondents. Unless responses of a given person are perfectly correlated, the
latter correction is conservative in the sense that it overstates the uncertainty surrounding estimates of θ̄g.
Finally, following Ghitza and Gelman (2013), we also divide s∗gqk by a design e�ect (weakly greater than 1)
to account for the added variability induced by within-group variation in weights.

8.4. Dynamic Model

We allow groups' conservatism to di�er across time periods t ∈ 1 . . . T , and we model the evolution of θ̄gt
using a local-level transition model,

θ̄gt ∼ N(θ̄g,t−1, σ
2
θ̄), (7)

where the transition variance σ2
θ̄
is a parameter to be estimated. The model in (7) thus serves as a dynamic

prior for θ̄gt, smoothing or (in the limit) imputing estimates in periods with little or no survey data.

8.5. Priors

Aside from θ̄gt ∀t > 1, all unbounded parameters are assigned a N(0, 1) prior. The standard deviations σθ̄
and σθ are assigned half-Cauchy(0, 1) priors with positive support.

8.6. Identi�cation

We impose the following (standard) identi�cation restrictions on the stochastic utility model,

• σq = 1 ∀q
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• αq0 = −∞ ∀q

• αqKq = +∞ ∀q,

as well as the following (standard) restrictions on the IRT model,

• βq > 0 ∀q

•
∑
g

∑
t θ̄gt = 0

• Var(θ̄gt) = 1.

The last two restrictions are achieved by normalizing θ̄gt to be mean-zero and unit-variance within each
Monte Carlo iteration.

8.7. Likelihood

Substituting πtgqk for πgqk and s∗tgqk for sgqk, the likelihood of the multinomial sampling model in (6) is

L(π | s∗) =

T∏
t=1

G∏
g=1

Q∏
q=1

Ctgq

Kq∏
k=1

(πtgqk)s
∗
tgqk , (8)

where the multinomial coe�cient Ctgq = (
∑
k stgqk)!/

∏
k(stgqk!) is a constant that that can be ignored

for the purposes of estimation. After dropping Ctgq, substituting in (5), and imposing the identi�cation
restriction σq = 1 ∀q, we obtain the likelihood for the full model:

L(β,α, θ̄, σ2
θ | s∗) =

T∏
t=1

G∏
g=1

Q∏
q=1

multinomial model︷ ︸︸ ︷
Kq∏
k=1

Φ

βq θ̄tg − αq,k−1√
1 + β2

qσ
2
θ

− Φ

βq θ̄tg − αq,k√
1 + β2

qσ
2
θ


︸ ︷︷ ︸

ordinal group-level IRT model

s∗tgqk

. (9)

This likelihood, in conjunction with the priors and identi�cation restrictions described above, characterizes
the ordinal dynamic group-level IRT model used in the paper.

9. Stan Code for the Ordinal DGIRT Model

functions {

real p2l_real (real x) { // coverts scalar from probit to logit scale

real y;

y = 0.07056 * pow(x, 3) + 1.5976 * x;

return y;

}

vector p2l_vector (vector x) { // coverts vector from probit to logit scale

vector[num_elements(x)] y;

for (i in 1:num_elements(x)) {

y[i] = 0.07056 * pow(x[i], 3) + 1.5976 * x[i];

}

return y;

}

}
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data {

int<lower=1> T; // number of years

int<lower=1> G; // number of covariate groups

int<lower=1> Q; // number of items/questions

int<lower=1> D; // number of latent dimensions

int<lower=1> K; // max number of answer options

real<lower=0> SSSS[T, G, Q, K]; // number of responses (possibly non-integer)

real beta_sign[Q, D]; // sign restrictions on betas

int unused_cut[Q, (K-1)]; // indicates categories with no responses

int<lower=0,upper=1> evolving_alpha;

int<lower=0> N_nonzero;

}

parameters {

real raw_bar_theta_N01[T, G, D]; // group means (pre-normalized, N(0,1) scale)

ordered[K-1] raw_alpha[T, Q]; // thresholds (difficulty)

real beta_free[D, Q]; // discrimination (unconstrained)

real<upper=0> beta_neg[D, Q]; // discrimination (negative)

real<lower=0> beta_pos[D, Q]; // discrimination (positive)

vector<lower=0>[D] sd_theta_N01; // standard normal

vector<lower=0>[D] sd_theta_IG; // inverse-gamma

vector<lower=0>[D] sd_theta_evolve_N01; // standard normal

vector<lower=0>[D] sd_theta_evolve_IG; // inverse-gamma

real<lower=0> sd_alpha_evolve_N01; // standard normal

real<lower=0> sd_alpha_evolve_IG; // inverse-gamma

}

transformed parameters {

// Declarations

real raw_bar_theta[T, G, D]; // group means (pre-normalized)

real bar_theta[T, G, D]; // group means (normalized)

matrix[Q, D] beta; // discrimination

ordered[K-1] alpha[T, Q]; // thresholds (difficulty)

vector[D] sd_theta; // within-group SD of theta

vector[D] sd_theta_evolve; // transition SD of theta

real sd_alpha_evolve; // transition SD of alpha

cov_matrix[D] Sigma_theta; // diagonal matrix of within-group variances

vector[D] mean_raw_bar_theta;

vector[D] sd_raw_bar_theta;

// Assignments

sd_theta = sd_theta_N01 .* sqrt(sd_theta_IG); // sd_theta ~ cauchy(0, 1);

sd_theta_evolve = sd_theta_evolve_N01 .* sqrt(sd_theta_evolve_IG); // ditto

sd_alpha_evolve = sd_alpha_evolve_N01 * sqrt(sd_alpha_evolve_IG); // ditto

Sigma_theta = diag_matrix(sd_theta .* sd_theta);

for (t in 1:T) {

if (t == 1) {

for (g in 1:G) {

for (d in 1:D) {

raw_bar_theta[t, g, d] = raw_bar_theta_N01[t, g, d];

}

}

for (q in 1:Q) {

vector[K-1] alpha_prior_mean;

alpha_prior_mean =

rep_vector(100, K-1) .* to_vector(unused_cut[q, 1:(K-1)]);
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alpha[t, q] =

alpha_prior_mean + raw_alpha[t, q]; // alpha[1] ~ N(0/100, 1)

}

}

if (t > 1) {

for (g in 1:G) {

for (d in 1:D) {

// implies raw_bar_theta[t] ~ N(raw_bar_theta[t-1], sd_theta_evolve)

raw_bar_theta[t, g, d] = raw_bar_theta[t-1, g, d]

+ sd_theta_evolve[d] * raw_bar_theta_N01[t, g, d];

}

}

for (q in 1:Q) {

for (k in 1:(K-1)) {

if (evolving_alpha == 0) {

alpha[t, q][k] = alpha[1, q][k]; // copy first period

}

if (evolving_alpha == 1) {

// implies alpha[t,q] ~ N(alpha[t-1, q][k], sd_alpha_evolve)

alpha[t, q][k] =

alpha[t-1, q][k] + sd_alpha_evolve * raw_alpha[t, q][k];

}

}

}

}

}

// Identify location and scale

for (d in 1:D) {

mean_raw_bar_theta[d] = mean(to_matrix(raw_bar_theta[1:T, 1:G, d]));

sd_raw_bar_theta[d] = sd(to_matrix(raw_bar_theta[1:T, 1:G, d]));

for (t in 1:T) {

for (g in 1:G) {

bar_theta[t, g, d] = (raw_bar_theta[t, g, d] - mean_raw_bar_theta[d])

./ sd_raw_bar_theta[d];

}

}

}

// Identify polarity

for (q in 1:Q) {

for (d in 1:D) {

if (beta_sign[q, d] == 0) {

beta[q, d] = beta_free[d, q];

}

if (beta_sign[q, d] < 0) {

beta[q, d] = beta_neg[d, q];

}

if (beta_sign[q, d] > 0) {

beta[q, d] = beta_pos[d, q];

}

}

}

}

model {
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vector[N_nonzero] SSSS_summands; // to store log-likelihood for summation

int SSSS_pos = 0;

// Priors

for (t in 1:T) {

for (q in 1:Q) {

raw_alpha[t, q][1:(K-1)] ~ normal(0, 1);

}

}

to_array_1d(raw_bar_theta_N01[1:T, 1:G, 1:D]) ~ normal(0, 1);

to_array_1d(beta_free[1:D, 1:Q]) ~ normal(0, 10);

to_array_1d(beta_neg[1:D, 1:Q]) ~ normal(0, 10);

to_array_1d(beta_pos[1:D, 1:Q]) ~ normal(0, 10);

sd_theta_N01 ~ normal(0, 1); // sd_theta ~ cauchy(0, 1);

sd_theta_IG ~ inv_gamma(0.5, 0.5); // ditto

sd_theta_evolve_N01 ~ normal(0, 1); // ditto

sd_theta_evolve_IG ~ inv_gamma(0.5, 0.5); // ditto

sd_alpha_evolve_N01 ~ normal(0, 1); // ditto

sd_alpha_evolve_IG ~ inv_gamma(0.5, 0.5); // ditto

// Likelihood

for (t in 1:T) {

for (q in 1:Q) {

real z_denom;

vector[K-1] cut;

z_denom =

sqrt(1 + quad_form(Sigma_theta[1:D, 1:D], to_vector(beta[q][1:D])));

cut = p2l_vector(alpha[t, q][1:(K-1)] / z_denom);

for (g in 1:G) {

for (k in 1:K) {

if (SSSS[t, g, q, k] > 0) {

real eta;

SSSS_pos += 1;

eta = p2l_real(beta[q][1:D] * to_vector(bar_theta[t, g, 1:D])

/ z_denom);

SSSS_summands[SSSS_pos] =

SSSS[t, g, q, k] * ordered_logistic_lpmf(k | eta, cut);

}

}

}

}

}

target += sum(SSSS_summands);

}

generated quantities {

vector[D] sd_theta_std = sd_theta[1:D] ./ sd_raw_bar_theta;

vector[D] sd_theta_evolve_std = sd_theta_evolve[1:D] ./ sd_raw_bar_theta;

}
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10. Additional Details on Convergent Validation

We began our validation analysis in the main text with convergent validation, demonstrating that our mea-
sures are strongly correlated with alternative indicators of domain-speci�c policy preferences. Speci�cally,
we compare our conservatism estimates with responses to highly ideological survey questions in each domain.
Figure S10 (Figure 6 in the main text) shows the correlation of our estimates on each domain with one �inter-
nal� issue question that is included in the data used to estimate our conservatism scores and one �external�
issue question that does not contribute to our estimates.3 All of these comparisons show a strong correlation
between our ideology estimates and speci�c issue questions on each domain. The upper-left panels show that
our estimates of economic conservatism in 2009�10 have a correlation of 0.73 with a redistribution question
from the 2009�10 Eurobarameter that we include in our dataset and a 0.66 correlation with a question about
support for a free market economy from the 2009 TransAtlantic Trends Survey that we did not include. The
upper-right panels show that our estimates of economic mood have a correlation of 0.92 with a redistribution
question from the 2002�06 ESS that we include in our dataset and a nearly equally strong correlation (0.78)
with a question on economic fairness in the respondent's country from the 2013 TransAtlantic Trends Survey
that we did not include. The lower-left panel shows that our social estimates have correlations of 0.87 with
an internal question about support for gay rights from the 2012 ESS, and 0.96 with an external question
about gay rights in the 2014 European Election Study that we did not include. Finally, the lower-right panel
indicates that our estimates have correlations of 0.92 with an internal question on immigration from the
2012 ESS, and 0.78 with an external question about whether immigrants are a burden in Pew's 2014 Global
Attitudes survey that we did not include.

Figure S10: Correlations between domain-speci�c conservatism and individual issue questions. The left
column validates the scale against �internal� issue questions included in the data used to estimate the corre-
sponding conservatism scores, whereas the right column validates against �external� questions not included
in the original data.
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3. The �external� questions were in all cases not included in our scales because they were asked in only a single year. In
certain cases, such as the European Election Study, it may be possible to incorporate the question in future if is repeated across
waves.
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