
Scaling models in political
science

Introduction

To make positive assessments of the positions of
political actors, political scientists have developed,
refined and borrowed tools to measure the relative
positions of political actors on dimensions of
politics.

Where do parties or voters stand on the left–right
spectrum?What policies define it? Is left–right really
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the most salient dimension in a political system? To
answer these questions, so-called ‘scaling models’
have been developed to estimate the positions of
actors on the basis of their observable behaviors. To
this end, many data sources have been explored:
from voting behavior in parliament (Poole &
Rosenthal, 1985) to partymanifestos (Budge, 2001),
parliamentary speech (Lauderdale & Herzog, 2016)
and positions in social media networks (Barberá,
2015). This contribution gives an insight into how
this has been achieved, a brief introduction to the
math behind it and an overview of their applications,
both technical and substantive. We close with some
criticisms of these methods, which speak to the
development of further validation methods.

Dimensional reduction and politics

The making of political decisions is a complex
process of selecting issues, formulating positions
on them, publicly communicating these, and
making, adopting and implementing policy. What
issues are relevant for often binary voting choices
is not a priori given but aggregated by political
actors such as parties, legislators or political
entrepreneurs to produce cohesive policy platforms
that allow direct comparison. These ‘dimensions’
of politics allow complex multidimensional spaces
to be reduced to simple vote choices and offer
some solution to the information dilemma of
democracy.
To answer these questions, it is necessary to

develop measurements for the positions of actors
on different dimensions. The ‘spatial’ interpreta-
tion is very intuitive to voters and political sci-
entists alike. To voters, spatial understandings of
politics are a powerful metaphor, in which parties
serve an aggregative function for informational
reduction and policymaking across a multitude of
issues. Faced with at times many party platforms,
voters consider parties’ positions relative to their
own on a limited number of dimensions or sub-
stantive issues. This notion of spatial modeling
has its origins in the translation of geospatial to
preferential proximity in economics (Hotelling,
1929). Such theorizing of preferential proximity
between political actors has led to powerful
concepts such as the Median Voter Theorem
(Black, 1948) and Downsian Spatial Voting the-
ories (Downs, 1957).
But where do voters or parties stand and what

policy issues define these positions? These are
crucial questions for studyingmany themes of keen
interest to political scientists.

Traditional dimensions

One way of doing this is the a priori definition of
what is important for politics, such as analyzing the
left–right spectrum. Traditionally, in most Western
societies, the left–right spectrum reflects positions
on state intervention into the economy. However,
other dimensions such as cultural values, cosmo-
politanism versus nation state, liberal versus con-
servative or even integration into the European
Union matter most for decision making (Kriesi
et al., 2008).

All these dimensions can be measured using
expert surveys (Polk et al., 2017), where scholars
sort parties along defined axes. This is comparable
to self-placement in general population surveys.
Respondents are asked where they stand on the
spectrum from one to ten. Of course, this measure
depends on respondents knowing the substantial
meaning of the spectrum.We can then think of these
as relative positions based on voter estimates of
party placements along common dimensions. This
is not always clear, since not all political systems are
defined by a single dimension, and what indicates
these positions varies between contexts.

Inductive recovering of dimension

As an alternative, the question of what constitutes
the most important differences in political orienta-
tion can be derived inductively, ex post (Benoit &
Laver, 2012). Such models are called unsupervised,
as they require no human input as to the substance
of the dimension and autonomously discover and
scale positions on the underlying dimensions,
which explain most differences in the data.

Whether from votes, responses, political lan-
guage or even social media behavior, using
mathematical algorithms to identify the most
important differences is a well-established idea in
political science. These approaches attempt to
explain the largest amount of difference from the
minimal number of dimensions. Here we already
see the analogy to information aggregation in
substantive political terms. A statistical analogy is
the use of factor analysis to identify correlated
items to measure latent, underlying constructs.
They allow turning individual decisions across
items into scales, which differentiate types of
correlated behavior. This ‘scaling’ applies to any
given behavior and allows clustering individuals
along a common dimension. We attempt to identify
clusters of behavior over individuals that allow us
to describe them as similar or different based on
these important dimensions.
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There are two classes of algorithms that allow
reducing dimensions: ‘parametric’ and ‘non-para-
metric’. Non-parametric approaches usually apply
singular value decomposition (SVD) to decompose
a matrix representing individuals and nominal data
on some behavior of interest. Factor analysis,
correspondence analysis and multidimensional
scaling all belong to this group.
The second class are algorithms from ‘Item-

Response-Theory’, using maximum-likelihood or
Bayesian methods to iterate over all combinations
of individual and behavior to fit all coefficients
simultaneously. The result is an explicit modeling
of estimation errors, but they are computationally
intensive and thus take considerably more time to
estimate. In reality, these algorithms all describe
the similarity of the actors and their behavior
simultaneously.What this behavior is and therefore
represents depends on the behavior used for scal-
ing. In other words, any matrix of behavioral units
can allow us to position actors in n-dimensional
space, where n is the number of decisions they all
decide on. This very general approach lets us apply
these methods to numerous behavioral traces so
long as we have comparable count data.

What to scale

Traditionally, roll-call votes (RCVs; Poole &
Rosenthal, 1985) are used as a way to derive
ideology from voting behavior. In party-centered
systems, the absence of informative RCVs leads to
a stronger focus on alternative sources such as
political text produced by political parties or
individual legislators (Beauchamp, 2012). Social
media have become important data sources for
these endeavors, as they exist in most political
contexts and involve most political actors.
Behavior on social media is also individuated and,
in contrast to parliamentary speeches, less likely to
be affected by institutional provisions (Castanho
Silva & Proksch, 2021; Ceron, 2017). Two main
data sources can be exploited on social media: the
social network – that is, the interconnection
between the accounts – and the text entailed in the
posts and/or comments. The next section will give
a brief overview of how to estimate policy posi-
tions using each of these data sources.

Behavior

For US legislators, a popular application for
measuring policy positions has been through
RCVs. The underlying argument is that by voting

in costly elections in Congress, legislators reveal
their preferences on each proposal. Knowing how
each legislator voted on each proposal allows us to
derive central dimensions of conflict. The NOM-
INATE (or Nominal Three-Step Estimation) is a
multidimensional scaling application for RCVs
developed by Poole and Rosenthal (1985).
NOMINATE has gone through many iterations:
Dynamic (Poole & Rosenthal, 2001), Weighted or
Dynamic-Weighted (Carroll et al., 2009) and more
recently alpha, a fully Bayesian, Markov Chain
Monte Carlo-based version of the original imple-
mentation (Carroll et al., 2013).

While there are significant technical differences
between these versions of the NOMINATE scaling
technique, they all rely on the same fundamental
assumptions. Political choice data, in this case
nominal legislative voting data, can be projected to
low-dimensional Euclidean spaces. Positions are
revealed on broader dimensions as voting is a
function of the legislators’ ideology or ideal-point;
this allows us to (1) make positive statements on
legislator positions and (2) predict voting in sub-
sequent roll calls.

The innovation of NOMINATE shows that ideal
points of preference can be recovered from
observing political choices. RCV is just one type of
behavior we can look at; there are many more. One
variant of NOMINATE that has proven influential
is PAC-NOMINATE, where interest groups are
treated like legislators who make binary choices
regarding the candidates and campaigns they do or
do not finance (McCarty et al., 2006). However, a
far more popular implementation of deriving
positions from campaign finance data is Bonica’s
(2014) DIME+ (Database on Ideology, Money in
Politics and Elections), which recovers ideal points
not just for incumbents but also candidates, donors
and interest groups alike.

While positioning legislators and candidates is
valuable itself, it is often necessary to put voters
and politicians on the same scale. One approach
exploits the fact that politicians and citizens are
increasingly using social media as a platform for
news consumption and political engagement, most
notably via Twitter. Given the structure of Twitter
as a network of followers and followings, we can
use these as binary-choice data to infer the posi-
tions of political actors. The most prominent
application of this was developed by Pablo Barberá
(2015), in which a Bayesian Spatial Model was
implemented based on similarities in the follow-
ings of social media users. Assuming that social
networks are homophilic, then ‘birds of the same
feather Tweet together’. Barberá’s model fits
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additional controls for the popularity of accounts.
Given that party leaders and government officials
are more likely to be followed by those who do not
politically agree with them, this can be accounted
for using Bayes’s Theorem.
Indeed, actionable behaviors such as RCV and

campaign finance are informative of preference,
but these have limited transferability to other
contexts where we might lack appropriate data, and
in the case of many parliamentary systems, RCV is
not informative of individual position. Instead,
exploring how political rhetoric differs by ideology
has been a recent focus of political scientists.

Text as data

Where roll-call votes and campaign finance are not
feasible, automatic text scaling is a promising
measurement strategy for ideological positions.
Using textual sources has many advantages: text is
abundant and provides extremely rich detail that
can be leveraged in the measure. In addition, tex-
tual documents, such as social media posts or
parliamentary speeches, are supposedly individual
behaviors and thus well-designed data sources to
measure individual ideological position. It is very
intuitive to understand that to get a sense of the
ideological position of Boris Johnson or Angela
Merkel, their speeches will provide a much more
fine-grained picture than their voting behavior.
Still, scaling automatically and systematically

based on text has proven to be challenging in many
ways. For instance, most words are very rarely
used and cannot be automatically linked with a
given position. On the other hand, the most fre-
quent words (stopwords) are likely mere noise and
do not inform about a specific position. In addition,
many words are polysemic – they endorse a dif-
ferent meaning depending on the context – and will
even signal different positions depending on the
context. For instance, words such as liberty, taxes
or immigration can all be used to signal both left-
leaning and right-leaning position. There are many
possible steps that can be taken in preprocessing
text data, whether this involves removing number,
punctuation, compounding multi-word expres-
sions or stemming words, or removing words
based on commonality or rarity. All the possible
combinations of these steps will likely affect the
results of our model (Denny & Spirling, 2018).
Finally, word choices are shaped by many fac-

tors that are independent of the policy position.
Scaling models are word-choice models: they
model word frequencies as a function of ideolog-
ical positions. Unsupervised models deployed for

these contexts often assume that the principal
dimension structuring word choices is the left–
right spectrum. But, when writing a text, authors
are influenced by many more factors: the topic of
the debate, their mood, their audience. These fac-
tors create noise that needs to be filtered out of the
estimation to ensure its accuracy. Here again,
models are associated with different data sources.

Manifestos

The assumption that party competition was driven
by issue emphasis, and therefore allowed parties to
be positioned based on these issues, led to the
emergence of the Comparative Manifestos Project
(CMP) (Budget et al., 2001). In a gigantic effort,
the issue emphasis of each manifesto sentence was
coded for numerous political systems across time.
These qualitative evaluations can easily be trans-
posed to quantitative measures of issue count data
by manifestos, splitting codes into left–right cate-
gories and scaling by taking the count of right
minus the count of left, divided by the total counts.
Many alternative methods have been proposed to
offer more grounded estimates, such as ignoring
the overall length and taking the relative propor-
tional difference (right count – left count / left
count – right count) (Kim & Fording, 2002), or
scaling based on the log odds-ratios (Lowe et al.,
2011). However, coding issue content is an
extensive and expensive task, and not all mani-
festos can be coded (Bräuninger et al., 2012).

Algorithms can help to overcome this issue and
estimate the position of manifestos at lower cost.
Benoit and Laver (2003) propose Wordscores,
which identifies the left–right spectrum using
anchor texts (for applications, see Bräuninger
et al., 2020; Bräuninger & Giger, 2018; Gross &
Debus, 2018; Gross & Jankowski, 2020; Kosmidis
et al., 2019). Based on the word counts of the two
anchor texts that define the ends of the scales,
words are given scores based on their discrimi-
nating power. Then out-of-sample texts can be
estimated by taking a weighted average of their
relative word counts and the word scores. Slapin
and Proksch (2008) developed a fully unsuper-
vised method, Wordfish, that does not require any
anchor text and used it to accurately scale German
party manifestos. To do so, Wordfish jointly esti-
mates the position as well as their relationship with
the word counts and assumes that the principal
dimension structuring word choices is the left–
right spectrum (for applications, see Catalinac,
2016; Ceron 2012, 2014; Greene & Haber, 2016;
Louwerse, 2011).
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Parliamentary speeches

Parliamentary speeches are one of the primary data
sources when estimating the position of individual
politicians. They have been analyzed using both
Wordscores (Bäck & Debus, 2016; Herzog &
Benoit, 2015; Slapin et al., 2018) and Wordfish
(Arzheimer, 2015; Baumann et al., 2015; Klüver,
2013; Louwerse, 2012; Proksch & Slapin, 2010).
When using unsupervised models, speeches should
be carefully considered because the recovered
dimension can be misleading. Lauderdale and
Herzog (2016) demonstrate that debates in the
Irish Dail are primarily structured around the
government–opposition divide rather than along
the left–right spectrum. To mitigate this problem,
they propose Wordshoals, which takes the debate
structure into account and estimates a Wordfish
position for each debate and then represents these
positions in a low-dimensional space through
Bayesian estimation.
At least two further structural aspects can bias

the scaling of parliamentary speeches: agenda
setting (Slapin & Proksch, 2009) and the selection
of speakers (Bäck et al., 2014). Finally, a very
promising method targets the specific issue of
polysemic words. Rheault and Cochrane (2020)
take advantage of word-embedding techniques to
incorporate the context in their estimations. Using
neural networks, they model the choice of a spe-
cific word as a function of both its context (defined
as the six words appearing around the modeled
word) and the author. In doing so, they provide
some control for the context and can distinguish
between the left-leaning and right-leaning meaning
of terms. Similarly, Watanabe (2021) introduces
Latent Semantic Scaling, which provides a semi-
supervised text scaling approach. Based on a given
context character (and its synonyms), a fitted word
window and two sets of seed words (positive/
negative), word embeddings can be derived from
an associative model and document positions
recovered based on reciprocal averaging.

Social media

Inherently political language like manifestos and
speeches is recently complemented by a new formof
expression for politicians: social media. In com-
parison it is noisy, unstructured and not necessarily
political; but it is also free, unmediated and free of
selection biases often encountered in parliament.
Boireau (2014) and Ceron (2017) first apply tradi-
tional scaling models (Wordfish) to this new text
form and show meaningful differences on political
axes. Temporão et al. (2018) show the validity of

these positions by comparing them to voting advice
applications and Barberá’s ideal-point method.
Sältzer (2020) shows that they represent a mean-
ingful political space, even inside political parties,
making social media a promising data source for
positioning individuals. More recently, Ebanks et al.
(2021) have shown that networks of retweets among
US senators and factor analysis of joint sentiment-
topics discussed on social media derive similar
positions in policy space.

Criticism and validation

While scaling positions has become a staple
method in political science, its application is not
without valid criticism.

Meaning

Both ex ante and ex post interpretations have been
criticized for not accurately relating to political
conflict. Ex ante dimensions can impose a bias to
the data, as scholars base their observation in other
sources, which are potentially subjective and
outdated.

For instance, one common critique of expert
surveys such as Chapel Hill (CHES) is the relative
invariance of the survey over time. On the other
hand, automated scaling measures often recover
dimensions that only loosely represent what we
would expect as scholars to be the main dimension
of conflict. Depending on the data source, the data-
generating process can introduce non-observed
bias, such as agenda setting or an exogenous shock,
which leads to confusing non-ideological differ-
ences with ideological ones. The most accepted
applications in both approaches seem to be those
that produce both ‘face validity’ and ‘convergent
validity’. Converging indicators is not evidence for
validity if all indicators suffer from the same bia-
ses. In addition, as ideology is a moving target,
specific measures could grow inaccurate and miss
important shifts. For this reason, the robust and
objective validation of scaling models is crucial.

Validity

Face validity is an implicit form of criterion val-
idity: is the measure behaving in a way we would
expect? This, of course, is a trade-off with the
ability tomeasure unexpected changes. Often, long-
term established measures such as NOMINATE are
used to validate newer methods. However, it is
often impossible to make an argument of an
improved scaling technique if credibility is
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weighted against external validation of past metrics.
For scaling models, there exist approaches for sta-
tistical validity, such as perplexity measures or the
explained variation. However, those are often
uninformative about what the dimensions really
mean. For text models, the concept of semantic
validity has recently been introduced to see whether
the terms that define positions on dimensions
actually relate to what we would expect to be the
substantive policy content of underlying dimen-
sions (Chan & Sältzer, 2020; Chang et al., 2009).

Continuity

A third major criticism lies in the question of
metrics. Scales are by definition continuous. Tra-
ditional evaluations of correct classification, such as
the ability to correctly predict the class of a text, are
categorical in nature. This makes computing crite-
rion validity difficult, as scales exist based on
comparisons. Pairwise comparison is a promising
way to tackle this issue. Instead of assigning a
numeric score to individual cases, documents or
authors are iteratively compared one to another.
Coders must state for each pair of cases which one
holds the most left-leaning or right-leaning posi-
tion. The pairwise comparisons can then be mod-
eled using a Bradley-Terry model, which allows
estimating an ideological score. Comparing pairs of
documents takes longer because each document has
to be compared many times to be scaled precisely,
but the task is considerably easier for human coders,
and thus more reliable, than direct scaling on a
numeric scale. Breunig, Guinaudeau and Roth
(2021) asked young political leaders to compare
pairs of German MPs. This new measurement
strategy comes close to what could be a gold
standard for an ideological measure within a spe-
cific context. It is certainly not the last measure to be
developed, but this non-behavioral measure can
now be used to validate behavioral measures and
understand when speeches, roll-call votes or social
media can be used to estimate ideological position.
The scope of pairwise comparisons only depends
on the compared documents. If MPs from different
countries are compared, they could then be scaled in
one single continuum.

Daniel Braby, Benjamin Guinaudeau and
Marius Sältzer
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