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Abstract. Political polarization is a growing phenomenon in numerous
countries around the world. In many cases, this polarization is leading to
a divergence between the positions of elected decision makers, creating
a loss of middle-ground and compromise, which is in turn causing the
democratic process to grind to a halt. The causes of this polarization
are both contentious and numerous, with many sociologists, political scientists, economists, and historians weighing in on the matter. Although
computer science cannot comment on the causes, we may be able to develop group decision making algorithms and tools to help ameliorate the
situation. In this paper we outline some general research proposals on the
possibility of combining machine learning techniques with results from
computational social choice to mitigate the polarization. Specifically, we
focus on the design of multi-winner voting rules that are both efficiently
computable and have provable guarantees on desirable properties such
as proportionality and representation. We hope that research advances
in these areas can have concrete impact on fighting political polarization.
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Introduction

One only needs to look at the front page of the local paper to hear about how
democracy is experiencing a global crisis caused, in part, by increasing polarization. Political polarization usually refers to the emergence of an extreme divergence in how citizens in a society think, especially when two dominant views
emerge driving people apart. This phenomenon is observed and discussed in the
United States, Europe, and numerous other other countries [7, 11, 27]). One of
the principle arguments for the benefits of a pluralistic democracy relies on the
variety of voices and differences in a given society coming together to make collective choices [40]. However, scholars have noted that increasingly citizens are
perceiving and describing society along a single dimension, in terms of us versus
them [36].
?
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Finding the root causes that lead to strong polarization within the democratic process is not easy and beyond the scope of research in computer science
and computational social choice [9]. The reasons for and consequences of strong
polarization are the subjects of extensive research in sociology, political science,
economics, and history. Although we cannot cure the causes, we can design and
propose tools to tackle and mitigate polarization using techniques from across
computer science research, including techniques from artificial intelligence, machine learning, computational social choice [9], preference reasoning [39], and
principles of human-centered AI (HCAI) [35, 41]. In order to design and implement technological solutions to assist with the decision making process, we
should also guarantee that these tools adhere to ethical and moral principles
[23, 38, 28]. One domain where research from the field of computational social
choice (COMSOC) may be able to help is creating new tools and techniques to
enable the democratic decision making process. In COMSOC, researchers study
the computational aspects of classical social choice problems [40] including voting and matching [9]. Typically, in an election, a set of agents submit their
preferences over a set of candidates, and then a voting rule, i.e., aggregation
mechanism, selects a single or multiple winners to be shared by that group [45].
A representative election process should, through normative proofs and empirical
experiment, guarantee that candidates who are elected are both representative
of and proportional to the diverse parts of a given society as expressed in their
voting preferences. Unfortunately, for many voting rules a long list of strategic
behaviors can be exploited on the part of the voters and/or candidates in order to arrive at an outcome that is not intended or has been manipulated [18].
There exists an extensive literature on the strategic behavior of agents in voting
systems, including manipulation [21], bribery [16, 15] and control [29, 32].
The current COVID-19 pandemic and the ensuing worldwide crisis are highlighting the brittleness of many of the decision making processes in our society
at the local, national, and international stages. At the same time, the pandemic
has underlined the importance of technology in our everyday life. From remote
working to distance learning, from social networks to shopping online, technology
plays a key role in maintaining some sense of normalcy by shifting once in-person
activities online, leveraging technological solutions. There has been significant
recent work in the social choice and COMSOC fields to promote novel methods of electing representatives and delegating votes in what is called interactive
democracy [1, 10, 22]. We see the development of new, robust, and efficiently
computable voting rules as an important step in this direction.
1.1

Our Contribution

In this paper we discuss existing literature in the area of multi-winner elections
and propose concrete research directions for combining aspects of artificial intelligence, machine learning, and computational social choice to improve the quality
of elected bodies in terms of representation and proportionality. We hope that by
addressing these concerns we may mitigate some aspects of political polarization.

Title Suppressed Due to Excessive Length

3

In recent years a novel voting rule, called Majority Judgement (MJ) [5, 6], has
been proposed for single winner elections. The proponents of MJ for single winner
elections tout its superiority as it does not fall victim to several issues in classical
social choice including the Condorcet Paradox and Arrow’s Paradox, and it is
resistant to strategic manipulation on the part of the voters [4, 40]. Informally,
our goal is to develop a multi-winner rule that prevents elected committees from
being polarized even if the voters themselves are polarized, while still maintaining proportionality and representation. We propose a plan of research to extend
majority judgement to multi-winner settings, this advance would: provide a new
multi-winner voting rule that may provide guarantees on proportionality and
representativeness; scale up algorithms for multi-winner voting that suffer from
high computational cost; design a method which could be helpful in fighting
strategic behavior connected to manipulation or gerrymandering. We next turn
to a background on multi-winner voting and some motivating examples. We then
survey some of recent work from the computational social choice research community focused on multi-winner voting, we outline a method to extend majority
judgement to multi-winner elections, and end with some research challenges.

2

Social Choice and Motivating Examples

Mapping agents’ preferences into a subset of common choices among all the available ones is a well studied problem in many different disciplines. From economic
theory to computational social choice many researchers have studied which axiomatic properties are desired and which are not [9, 40]. In a classical social choice
setting, a group of agents, i.e., the voters, are asked to express their preferences
over a set of alternatives, i.e., the candidates. Voters do this by comparing candidates and reporting, depending on the aggregation mechanism to be used, a
ranking that could be strict or contain ties, or possibly approvals over candidates
the voters would be willing to accept. These reports are then fed into an aggregation mechanism, i.e., a voting rule, and this voting rule returns an outcome. In
a classic social choice setting this is a single-winner, but could also be a ranking
over the candidates or a subset of alternatives in a multi-winner procedure, i.e.,
committee selection. In this paper we focus on the multi-winner setting [17].
Formally, a multi-winner election (V, C, F, k) is defined by a set of voters V
expressing preferences over a number of candidates C, and then a voting rule F
returns a subset of size k winning candidates [17]. Preferences can be specified
in many different ways, for instance rankings, approvals, judgements or a set of
binary comparisons. The first and more common approach represents preferences
as linear orders, i.e., transitive, anti-symmetric and complete binary relations
over a set of discrete alternatives C. A profile of preferences P = (>1 , ..., >n )
is defined by a preference relation >i for each of the n individual voters. We
write a >i b to denote that agent i prefers item b to item a in profile P . A
(non-resolute) voting rule F associates with every profile P a non-empty subset
of winning candidates. A large number of voting rules have been proposed in the
literature along with a number of methods to compare between them [9, 45].
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We focus on the use of Majority Judgement [5] and we assume that users
express opinions or judgements over a subset of candidates, that is called an
opinion profile P . Opinions are natural language tags that are chosen a priori.
They depict different grades of support for a candidate, i.e., Excellent, Very
Good, Good, Passable, Insufficient. Such finite, ordered set of evaluations Λ can
be linearly ordered by . An electorate’s opinion profile on a candidates is the
set of her, his, or its grades α = (α1 , ..., αn ), where αj ∈ Λ is voter j’s evaluation
of the candidate. Elections are unweighted, or anonymous, meaning only the
grades count, not which voter gave what grade. Voting rules are typically judged
according to a number of normative properties or axioms. Informally, some of
the properties we are interested in are:
Anonymity: A voting rule F is said to be anonymous if it treats individuals
symmetrically, i.e. switching two individual’s preferences does not change
the outcome, F (P1 , . . . , Pn )=F (Pπ(1) , . . . , Pπ(n) ) where π : N → N is a
permutation.
Neutrality: A voting rule F is said to be neutral if it treats alternatives symmetrically.
Representation: A voting rule F provides representation if, for each partition
of voters Vi ∈ V (with |Vi | ≥ b nk c), it assigns to the committee at least one
candidate elected by the partition Vi .
Proportionality: A voting rule F provides proportionality if, for each partition of voters Vi ∈ V , with |Vi | ≥ b nk c, the number of candidates selected for
the committee is proportional to the size of the partition.
2.1

Motivating Example

We now turn to the problem of political polarization as evidenced through
the selection of a representative committee. A group of 30 individuals should
elect a representative committee of 3 candidates. The set of candidates is
C = {A, B, C, D, E} and each voter is required to express an approval ballot
over the candidates as seen in Table 1.
Table 1. Approvals of the voters in the example election.
# Voters Approve Disapprove
20
10

A,B,C
E

D,E
A, B,C,D

There exists a strong polarization in the community: a group of 20 people
approve A, B, C, which is the subset disapproved by the other group. If we use
the basic approach of approval voting [8] for electing the committee and count
the number of approvals then A, B, C would get 20 points, E would get 10
points and D would get no points. Thus, the final committee would be formed
by [A, B, C]. Unfortunately, this solution fully represents the group of 20 people,
as their whole approved set is elected, but at the same time it penalizes the
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smaller group of 10 people, since they disapprove the winning candidates. The
committee formed by [A, B, C] may reinforce the strong polarization driven by
the group of 20 people, possibly exasperating the political situation.
According to the definition of proportionality, for k = 3 every candidate in
the committee should be supported by at least 33.33% of the voters. Alternatively, to respect representation, each group with at least b 30
3 c = 10 voters should
elect at least one candidate. In order to respect proportionality, the number of
candidates to be elected should depend on the size of the group. Having the first
group of people 20/30 = 66.66% of the whole, it should be represented by at least
2 candidates in the committee. The second group of people has 10/30 = 33.33%
of the voters and should be represented with at least one candidate. Instead,
we could use a different method to select our committee which would guarantee
a proportional outcome. In this example we use Proportional Approval Voting
(PAV) [44], which is a well-know multiwinner voting rule, which unfortunately
suffers from a high computational cost [3]. Informally under PAV, each voter
Pj
derives a utility of i=1 1i from a committee that contains exactly j of her approved candidates. The goal is to maximize the sum of the voters’ utilities. Under
PAV, the final committee could be chosen among three possible committees, as
shown in Table 2: [A, B, E], [A, C, E] and [B, C, E].
Table 2. Total satisfaction for voters in the election
# Voters approving at least ABC ABD ABE ACE BCD BCE
1 candidate
2 candidates
3 candidates

20
20
20

Total Satisfaction

20
20
0

30
20
0

30
20
0

20
20
0

30
20
0

36.66 30

40

40

30

40

Instead of simply approvals, if the voters were to express judgements over the
candidates, we could have a judgement profile as reported in Table 3.
Table 3. Distribution of preferences for voters in the election
# Voters Excellent Good
20
10

A,B
E

C

Reject
D,E
A, B,C,D

In our multi-winner case, switching to the Majority Judgement voting rule
does not resolve the problem. In fact, the final ranking returned from Majority
Judgement (using a lexicographic tie-breaking rule) on the whole set of preferences is A > B > C > E > D. Using this ranking and choosing the first 3
candidates, the committee would be [A, B, C] which is once again the solution
which over-represents one group of voters and under-represents the other. We’ll
return to this example in the next section.
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Related Work

Multi-winner elections are an interesting area of research that has recently attracted great attention from artificial intelligence and COMSOC researchers. In
[14] authors identify two natural classes of selection rules for committees proving
that many of the existing rules belong to one or both of these classes. Moreover,
a set of desirable properties are derived and formalized. Unfortunately, some of
the existing voting rules suffer from high computational cost and thus for these
voting rules approximation algorithms are proposed [43]. In [13] the authors use
various multiwinner voting rules with preferences that lie in a 2D space to examine what points in the space are picked by various voting rules. Traditionally,
research on multiwinner voting rules has focused on properties related to proportionality and representation, including the notion of justified representation
[2], but there are other reasons we pick a committee or a set of multiple winners. Group representation and recommendation [42] is an approach studied in
[25]: participants rank dishes from the catering menu, then the organizers use
a multiwinner voting rule to aggregate these preferences and form the catering
order. In such a way at the dinner, participants would be able to choose freely
among the catered items. Notice that for some of these approaches there exist
good empirical studies [26]. Multi-winner voting rules can be applied to situations as diverse as elections and product recommendations, and that rules satisfy
important properties which should be selected based on application domain. In
our proposal for extending MJ, we plan to use clustering algorithms from the
machine learning literature, k-means [33], k-medoids [24], to discover partitions
of voters according to their preferences or other outside features. These could
include locality for which we can use a number of different distance metrics between voters including distances on more structured preferences such as CP-nets
[30, 31]. Our proposal to leverage clustering is similar to the classic Monroe rule
[37, 20] where each candidate has a capacity of voters that they can represent,
i.e., a group of voters are ”assigned” to some candidate. In [43] authors propose
to cluster voters following different heuristics and a satisfaction function in order
to approximate Monroe and Chamberlin-Courant rules. Finally, in [12] authors
look at the agreement between various multiwinner voting rules and single winner rules to see if there are agreements between the rules, and we plan a similar
experiment for our extension.

3

Multi-winner Majority Judgement

The main idea of our multi-winner extension of Majority Judgement is to split
voters in groups (or clusters) based on the similarity of their preferences and
to allow these groups of voters to elect one or more candidates based on their
size, i.e. the number of voters in the group. This is similar to districting or
partitioning voters in normal elections, but here we allow this to happen based
off the reported preferences of the voters. Informally, given k the number of
candidates to be selected for the committee, initially, the algorithm tries to split
the set of voters in at most k partitions or clusters. Each group of voters elects its
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winners using the Majority Judgement voting rule which returns a ranking over
the set of candidates. The same candidate cannot be added twice to the list of
winners, because each winner can seat only in one place of the committee. At the
end of any round, if we have not selected a size k committee, then the procedure
is repeated with a new clustering but with a smaller number of clusters, i.e,, given
that there are some number of seats k 0 left over, the same algorithm is repeated
with k 0 clusters. If this is not possible then the procedure is repeated with a
smaller number of clusters. This allows for new elections with higher number of
voters in resulting clusters. It is interesting to notice that the support for these
candidates increases with the number of voters in the cluster. This process of
reducing the number of groups with respect to the previous step helps to ensure
that the candidates selected are representative of larger and larger groups of
voters. The algorithm always finishes in a finite number of steps.
3.1

Returning to Our Running Example

Let’s now briefly use our proposal that combines Majority Judgement and a
clustering algorithm to elect the committee. The clustering algorithm naturally
groups voters based on the similarity of their preferences. Remember that the
bigger group gets to elect 2 candidates out of 3, while the other group only has
sufficient size to choose 1 candidate out of 3. A MJ election over the first group
would output the ranking A > B > C > D > E from which the algorithm
select the first 2 candidates. A MJ election over the second group would output
the ranking E > A > B > C > D from which the algorithm select the first
candidate. Thus the final committee would be [A, B, E] that in this case is the
only committee which should be elected. At a first glimpse, we can notice that
candidate C, even if it has a strong support from the group of 20 people, should
not be elected because people’s opinions are slightly less supportive of it than A
and B.

4

Discussion and Research Challenges

In this paper we have discussed some ways in which research in artificial intelligence, including machine learning and computational social choice, may give us
tools to combat political polarization. While we have discussed an extension of
Majority Judgement to the multi-winner setting, there are still concrete research
challenges that we need to address.
Challenge 1: How do the properties of MJ change when we use clustering to
bring down the computational cost? When used in a single winner election,
Majority Judgement is particularly appealing because it does not suffer from
either Condorcet’s or Arrow’s Paradox, and it also resists strategic manipulation [4]. Do these properties persist in our proposed approximation?
Challenge 2 Which metrics should be used to measure satisfaction of an electorate? Skowron et al. [43] propose to group voters in order to maximize a
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satisfaction functions which connected to the preferences of the individual
voters. Elections which employ Majority Judgement use judgements to represent users’ preferences over candidate. Satisfaction functions should represent
how the committee is appreciated by the community.
Challenge 3 What properties should rules have in order to be appealing for policy makers? Axiomatization of voting rules is a broad area of study in computational social choice which tries to characterize algorithms using standard
properties [39]. Policy makers may prefer some properties in some scenario
while adopting other properties for different applications. When leveraging
machine learning, some properties cannot be assured anymore due to the
probabilistic approach the algorithms.
Challenge 4 Can randomization be a deterrent to malicious agents? Strategic
behaviour requires agents to posses knowledge of the domain in order to
change the outcome of the election. Our proposed machine learning techniques are not deterministic. This means that running the same algorithm
on the same set of data may result in slightly different outcomes. This may
make it unfeasible for an attacker to undermine the reliability of the information gathered and used in the election.
Challenge 5 How do we handle selecting non-polarizing representatives? If the
voters are polarized then the selected candidates may be as well. We want to
prevent polarization without alienating minority groups by taking clusters
according to properties of the voters, and then selecting candidates from
each cluster that are most central to that cluster. While this ideally preserves representation and proportionality, it may not be the best way to
address polarization. We must experiment with other selection techniques,
e.g., selecting the representatives from each cluster that are central w.r.t. all
voters.
Challenge 6 How should multi-winner MJ and other voting rules be validated?
PrefLib [34] and other libraries and synthetic datasets [19] make election
data publicly available on the Web. But it is hard to find a ground truth to
compare results about multi winner elections.
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