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Collective action is essential for addressing the grand challenges of our time. However, for
such action to be successful, decision-making processes must be perceived as legitimate. In
this study, we investigate the legitimacy of different voting methods. Using a pre-registered
human subject experiment, 120 participants cast their votes using four voting methods:
majority voting, combined approval voting, range voting, and the modified Borda count. These
methods represent a range of preference elicitation designs, from low to high complexity and
flexibility. Furthermore, we developed a legitimacy scale upon which the participants rate the
voting methods. The experiment was conducted in a non-political setting (voting on color
preferences) and a political context (voting on COVID-19-related questions). Our findings
suggest that the perceived legitimacy of a voting method is context-dependent. Specifically,
preferential voting methods are seen as more legitimate than majority voting in a political
decision-making situation, but only for individuals with well-defined preferences. Further-
more, preferential voting methods are more legitimate than majority voting in a highly
polarized situation.
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Introduction

he challenges faced by our society are increasingly complex

and multifaceted. With the ongoing process of globaliza-

tion and urbanization, infectious diseases can spread more
quickly and widely than ever before. Combating such problems
requires scientific and technological advances and collective
action. How can one promote behavioral change needed for this?
We argue that one important factor is the perception of collective
decisions as legitimate. Therefore, this paper investigates how
legitimacy can be enhanced through democratic mechanisms,
particularly the voting method applied (Helbing et al., 2023).

In fact, seeking ways to make decision-making methods legit-
imate is essential (Persson et al., 2013; Wellings et al.,, 2023):
Legitimacy can be understood as cornerstone of both social
choice theory and democratic initiatives. Voting enables people to
express their interests while treating everyone equally (Persson
et al, 2013). A detailed elicitation of citizen preferences offers
room for participation and, therefore, builds a solid basis for the
legitimacy of the results (McBride, 2003).

Voting mechanisms differ in their potential to elicit detailed
preferences and the incentives to state the latter truthfully (see, e.g.,
Nitzan, 1985). In many situations, both political and non-political,
the majority vote is often seen as decisive, reflecting the importance
placed on the majority of people getting their preferred outcome
(Emerson, 2021). In contrast, multi-option preferential voting
harnesses collective intelligence, thereby allowing for more
informed and nuanced choices. In any case, one important goal of
voting is to avoid a “tyranny of the majority” (Emerson, 2020).

Although the relationship between legitimacy and voting methods
is crucial for the functioning of democratic societies, there is still a
significant gap in our knowledge about the implications of alter-
native voting methods due to the relatively small number of
experimental studies in this area. For instance, Bol et al. (2023)
investigates two voting rules, aiming to distinguish between value-
driven and self-interest-driven choices. As a result, there is a pressing
need for more research to explore how different voting methods
affect the perceived legitimacy of voting outcomes and how such
knowledge can inform policy-making in real-world contexts.

Compared to representative decision making (the status quo),
participatory processes appear to be associated with higher per-
ceptions of fairness, even when the outcomes are unfavorable
(Wellings et al., 2023; Werner and Marien, 2022). Rather than
solely focusing on the relationship between outcome and process
effects in evaluating the potential of participatory processes to
increase perceptions of legitimacy, we test whether different
procedural settings ensure that those who win are satisfied while
facilitating better outcomes for those who do not win as well.

To study this, we have developed an open-source smartphone
application called “Votelab” (Kunz et al., 2023). This application
compares four different voting methods: Majority vote, combined
approval voting, range voting, and the modified Borda count. Note
that the method to aggregate preferences, i.e., the rule to determine
the resulting voting outcome, may also be relevant for the
dimension of legitimacy, but is not investigated in our experiment.
Furthermore, the app is designed to be user-friendly, while
maintaining high privacy protection standards. In a controlled
online experiment, participants vote with four different voting
methods and provide legitimacy ratings of the respective method.

To elicit legitimacy ratings, we build on a psychological per-
spective in line with Tyler (Tyler, 2006). He defines legitimacy as
“the belief that authorities, institutions, and social arrangements
are appropriate, proper, and just” (Tyler, 2006, p.376). This belief
can be multi-dimensional:

e Input legitimacy refers to the extent to which citizens feel
represented in the process, their opportunities to

participate, or the procedures introducing their preferences
into the political decision-making process (Scharpf, 1999).
In our study, the voting method influences this dimension
of legitimacy through different opportunities to express
opinions.

e Output legitimacy is contingent on the substantive outputs
of governing authorities (or other socially or individually
desirable goals) (Scharpf, 1999). In our study, the outcome,
for instance, chosen COVID-19-related measures, is the
result of a vote. Thus, outcome legitimacy reflects the
extent to which one is expected to comply with the result.

e Throughput legitimacy refers to the quality of the voting
mechanism; it is a performance criterion (Schmidt, 2013).
Within our research, the fairness of the voting method
corresponds to throughput legitimacy.

Questions on decision-related acceptance, fairness, trust, and
representation can all load on one and the same factor of legiti-
macy (Weil and Hinggli, 2021). These dimensions are not
independent, seem to belong together (i.e., correlate highly), and
characterize the more abstract concept of legitimacy in an
ordinary political decision making process. This allows us to
address them with a single question.

Legitimacy is also theorized to be context-dependent: Specifi-
cally, legitimacy may depend on (1) the criticality (i.e., recog-
nized, imminent, serious circumstances), (2) the point in time,
and (3) the motivational landscape (i.e., the level of interest)
(Maffettone and Ulas, 2019). It is further found that legitimacy
judgments are influenced by factors such as the institutional
framework’s stability, the legitimacy judgment process stage, and
the methods used to form such judgments (Bitektine and Haack,
2015; Tost, 2011). In our study, we introduce polarized voting
questions related to COVID-19 to better distinguish the effect of
input voting methods on legitimacy (Fig. 1). We compare this
critical, highly relevant context with a more neutral context, in
which participants are asked to choose their favorite color.

Methods

We begin this section by presenting the various voting methods
evaluated by participants in a human subject experiment. The
primary dependent variable, legitimacy, is introduced, and par-
ticipants’ ratings of different input methods on its legitimacy are
discussed. We refer to the resulting data as “preference profiles,”
which we measure rigorously.

Input methods. A voting method consists of (1) an input
mechanism (the voting process) and (2) an aggregation rule (the
evaluation process). We vary the input mechanism. In our
behavioral experiment, we implement four input methods that
differ in their scale s, the framing, and whether ranking is
required. The following list details the four input methods we
implemented:

1. Majority voting (mv): This requires the selection of one out
of two or more options. That is, s,,,, € {0, 1}, where 1 stands
for a chosen option.

2. Combined approval voting (cav): This requires disapproval
(—1), an indication of neutrality (0), or approval (+1) of
the voting options, i.e., 5., € {—1,0, 1}.

3. Range voting (rv): This requires assigning a numerical
rating to each alternative option to reflect the degree of the
preference. We assume s, € {0, 1, 2, 3, 4}.

4. Modified Borda count (mbc): This gives no points to
unranked options, 1 point to the least preferred of the
ranked options, etc. The choices are: s, €1{0, 1,2, 3,4}. If a
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Fig. 1 Screenshots of the mobile application used in the human subject experiment, displaying four questions on which participants voted via four
different input methods. In this paper, we refer to these four questions with the following short labels (from left to right): vaccine, icu, protection, and lockdown.

Table 1 Overview of the three stages participants
encountered in our behavioral experiment.

Introduction
read COVID-19 questions
understand voting methods
Il Voting and legitimacy rating
vote on color; provide legitimacy rating
vote on COVID-19; provide legitimacy rating
1 Answer control questions
socio-demographic
strategic voting
polarization

voter ranks A above B and leaves other options unranked, A
will receive 2 points, B will receive 1 point, and the
remaining options will receive none.

In our online experiment, the order of the input methods was
the same for all participants and questions, i.e., the input method
became increasingly complex (going from method 1 to method 4
above). This addressed the additional cognitive effort required of
voters to express their preferences. Accordingly, the next method
augments the previous ones:

Majority voting (“choose one option”) offers just one approval
option and no option to reject. Combined approval voting allows
one to assigning one of three different ratings (“approve, stay
neutral, disapprove”). Range voting (“assign points to options”)
adds another two levels, as it has overall five levels to choose
from. It allows for assigning the same rating multiple times.
Therefore, a voter can express indecisiveness. The modified Borda
count (“choose and rank options”) does not offer this option, but
it is cognitively even more challenging, as it requires an explicit
ranking of all options.

In our choice of these four voting methods, we were driven by
several key considerations. Majority voting, being the most
historically recognized and widely used method, serves as a

benchmark for comparison. Our focus on varied input mechan-
isms is evident: while majority voting provides a binary choice,
combined approval voting adds depth with a scale capturing
preference, disapproval, or neutrality. Range voting and the
modified Borda count offer granularity in representing voter
preferences. Beyond their individual merits, integrating these
methods with the legitimacy scale presents a novel research
contribution, highlighting the impact of the input method on
perceptions of legitimacy and preference expression.

Measuring legitimacy. To obtain a comprehensive proxy of
legitimacy that covers the relevant theoretical grounding, we ask
the following question:

“You voted in four different ways. Now, please assess the
following statement for each voting method applied.
— I would comply with the result and accept it as fair,
reflecting my and others’ opinions.”

For every input method im € {mv, cav, sv, mbc}, participants in
our experiment provide legitimacy ratings LR on a Likert scale
LR €{0, ..., 4} across two contexts ¢ € {color, COVID-19}.

Behavioral experiment. To test our hypotheses, we conducted a
preregistered human subject experiment in a controlled online
environment. All experimental protocols were approved by the
ETH ethics commission and carried out in accordance with the
relevant guidelines and regulations. Furthermore, informed con-
sent was obtained from all participants. The experiment was
performed online via Qualtrics in collaboration with the ETH
Decision Science Laboratory (DeScil) in Zurich, Switzerland. It
was conducted in three sessions in July 2021. The pre-registration
link is https://doi.org/10.1257/rct.7871-1.0. Our experiment had
three stages (see Table 1 for an overview): During Stage I, par-
ticipants were introduced to both the COVID-19 questions and
the input methods used during the experiment. Stage II was the
main focus of our study, where participants were asked to vote on

| (2024)11:689 | https://doi.org/10.1057/541599-024-03056-8 3


https://doi.org/10.1257/rct.7871-1.0

ARTICLE

a set of questions related to COVID-19 and provide legitimacy
ratings for all voting methods. Specifically, each of the four
COVID-19 questions (g € {vaccine, icu, protection, lockdown})
presented participants with five options (o € {0y, 0,, 03, 04, 05})
from which they were asked to assign a rating (s). Finally, Stage
III was dedicated to answering a set of control questions.

Figure 1 shows screenshots of the four COVID-19-related
questions, their options, and how the user interface for the four
input methods looked like.

Overall, 120 subjects (share of females: 0.36) participated in the
experiment. Their mean age was 25.47, coming from 22 different
countries. Most participants’ highest level of education was a
Bachelor’s degree (share: 0.37).

The sample size of n =120 is based on the computed point of
stability for the legitimacy ratings across various voting methods
(Fig. S.7)

Preference profile. We call the choice data collected via the
human subject experiment (within one context) a preference
profile pp for individual i, question q and voting method vm.
In our experiment, preferences are expressed through four
voting methods, each assigning a different set of ratings s to a
voter’s choice. The preference profile is defined as

v __ _
pi = {So1 ’ Sozv S037 5047 505 }’ where Soy - {vau) ’ Sca(,j ’ Ssvnj ’ smbcnj }

Variation in preferences. Input methods vary in their ability to
capture the properties of a distribution of preferences, p?". We
aim to comprehend how voters use the input methods to express
their preferences on the various questions they answer. We
propose two ways to capture the variation in preferences: Stan-
dard deviation ¢ and divisiveness D (Navarrete et al., 2022). Both
metrics, by quantifying score differences, allow for consistent
comparisons across voting methods. Supplementary Fig. S.8 dis-
plays a full distribution of ratings. In statistics and probability
research, quantitative data are summarized via various measures
of spread. Some of these measures were proposed to capture
political polarization, for example, standard deviation ¢ and
variance ¢2(Schmitt, 2016). Therefore, we calculate o(pi®"). To
compare o(pi?’) across questions, we calculate the median
1n(o(pi1)). For the median, we exclude the majority vote from g, as
Oy = 0% =1 for all individuals i and questions g.

Additionally, we use a measure for polarization referred to as
divisiveness (Navarrete et al., 2022). Divisiveness D is defined for
all option pairs by the mean difference in ratings s between voters
who prefer one option o, over another o,, and those who prefer
0, over 0, Furthermore, divisiveness DY is calculated for each
voting method v and each question g. In other words, D provides
an intuition on how divisive a question is expressed through a
particular input method.

For each pair of options o,, and o,, let:

s(o,,,0,) betheratingwhen o,, is preferred over o,

s(o,,0,,) betherating when o, is preferred over o,,

Then, divisiveness for each voting method vm for each
question q is defined as:

D

=

= i é ” S(Om,on) - S(Onﬂom) ” . (1)

To compare DI across questions, we calculate x(D7). More
details on D are presented in S.11.

Mazx-choice profile. An interesting question to investigate is how
a voter rates option o across four voting methods (vm) for a
specific question g.

4

To that end, Fig. 4 visualizes preferences p! by a five-
dimensional series (five options o) with four time steps (four
voting methods vm) each.

The theoretical number of possible p{ is extremely large (S.10). To
compare p! across questions g, we follow the rationale that the
option with the highest rating is of special importance. The originally
assigned rating is mapped to a binary scale, where 1 represents the
highest rating of the options and 0 otherwise. vm refers to any voting

method. We define s, = {s Sy 38, 5S, S }

V017 V027 V037 V047 Yos

. 1 ifs, = max(s,), @
5, = i
Yo 0 otherwise .

We refer to 5, as the  max-choice-profile:

7

goj = {gmvuf ) §cavj ) gsvaj ) gmbcoj }

Figure 2 provides an example of how a voter’s choices p! are
mapped to a multi-dimensional time series.

Participants stated preferences in the following order: majority
vote, combined approval, range voting, and the modified Borda
count. The first and last input methods required ranking. By
contrast, the second and third methods allowed for expressing
multi-peaked preferences.

Whether ranking was required or not has consequences for
interpreting the max-choice profile. In the following, we provide
an example to clarify this point: A voter ranks example option A
first in all four voting methods. The resulting max-choice profile
is 1111. We further assume that the voter’s preferences are multi-
peaked; the max-choice profile for option B is 0110. Both profiles
can be interpreted as consistent.

Consistency in voting choices implies that, no matter the scale
of the input method, the voter should rank the favorite option
first among all four voting methods. Consequently, any max-
choice profile with patterns 1xx0 and Oxx1 implies that an option
was not ranked first in the two input methods requiring explicit
ranking. In other words, those profiles can be interpreted as
inconsistent.

Furthermore, to interpret the max-choice profile counts
correctly, it is necessary to understand the theoretical maximum
of certain profile types: Any profile with a 1 for an exclusive
voting method (first and fourth), for example, 1110 and 1111, can
reach a theoretical maximum count of 1 option x 4 questions x
120 voters =480. By contrast, any profile with two 0 for the
ranking-based voting methods, such as 0110, 0100, and 0000, can
reach a theoretical maximum of (5 — 1) options x 4 questions x
120 voters = 1920.

Clustering expressed preferences. The voter is asked after voting
to rate the legitimacy of the input method. Note, however, that a
voter might be unsatisfied with the options voted upon. This
dissatisfaction might prevail and carry over to the legitimacy
rating. In this case, the voter would fail to disentangle the voting
method from the subject voted upon. In other words, satisfaction
with the proposed options to vote on could influence the legiti-
macy rating.

Furthermore, when rating legitimacy, the voter might think
about the last question answered. As the last question could be
over-represented in the participant’s memory, the question order
was randomized.

In this case, there is variation between participants we need to
control for.

Therefore, we cluster preferences and compare legitimacy
ratings across these clusters. If ratings significantly differ by
cluster, it suggests that legitimacy ratings are influenced by
satisfaction.
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Fig. 2 The highest valued choice—highlighted in yellow in the left panel—is of special importance. Therefore, we reduce the dimensionality of a
participant's full choice profile (left panel) to its first derivation (right panel). Plotted are sample values of one participant and one question. For each voting
method, the options with the highest rating are encoded by 1. The remaining ones are encoded with O.

The basis for clustering is a voter’s preference profile pp.
However, the number of possible combinations is extremely large
and far exceeds the number of observations. Therefore, we reduce
dimensionality. The max-choice profile is a highly reduced
representation of pp. A less reduced form is obtained by averaging
the (rescaled) ratings per option over the four input methods as
follows:

Hor = i(smv + Scav + Sy + smbc)' (3)
Subsequently, we cluster p; = {to1, Ho2> Ho3s Hoa}-

To determine the number of clusters, we calculate nine cluster
evaluation indices, suggesting three clusters are proposed
(Supplementary Table S.15). To increase the robustness of the
clustering results, we deploy nine clustering methods from
various categories (Xu and Tian, 2015) (Supplementary Table
S.16). We investigated the relationship between legitimacy ratings
and COVID-19 preference clusters. The Kruskal-Wallis test p-
values suggest no significant difference between the groups
(Table 3). As a result, we conclude that participants’ evaluations
of the voting methods were not influenced by their preferences
for the COVID-19 related choices being rated.

Results

Our study finds that the frequently used method of majority vote
is perceived as less legitimate than range voting. Especially in
highly polarized contexts, voters value the ability to express their
preferences in more detail.

Winning options vary by input method. First, we find that
voting with different input methods often leads to different out-
comes, ie., for some questions, the winning option changes
(Table 2). This is also true for the color context (Supplementary
Table S.4). Applying another aggregation rule—the Condorcet
method—gives similar results (Supplementary Table S.5). Why
does the input method induce outcome variation for some
questions, but not for others?

To answer this question, we investigate the sequence of ratings
assigned to each option. We refer to this sequence as a preference

Table 2 The results of four COVID-19 related questions
(columns), which were voted upon using four different
voting methods (rows).

Voting Question

Method vaccine icu protection lockdown
mv 02 Og 04 04

cav 04 02 04 04

rv 04 (o] (X} 04

mbc 04 04 04 01

The winning option {oy, ..., 05} out of five possible options was determined by the highest sum of
ratings. Options and questions are detailed in Fig. 1.

Majority voting (mv € {0, 1}), combined approval voting (cav € {1, O, 13}), range voting (rv €
{0, 1, 2, 3, 4}), and modified Borda count (mbc € {0, 1, 2, 3, 4}).

profile for each individual, question, and input method (details in
“Preference profile”). We compare variations in preference
profiles by calculating the standard deviation ¢ and divisiveness
D.

As is evident in Fig. 3, protection shows the lowest standard

deviation n{;wmmon = 0.395 and the second lowest divisiveness

1" = 0.45. When testing pairs of ratings for protection
against other questions, we find that protection shows lower
standard deviations o (Wilcoxon signed rank test for paired
samples, Supplementary Table S.8) and divisiveness D (Supple-
mentary Table S.9) than most other questions. These results
explain why question protection shows the lowest outcome
dependency on the input method. We conclude that the higher is
the standard deviation and divisiveness, the more dependent is
the aggregate result on the input method.

Our use of standard deviation and divisiveness in examining
preference profiles aligns with the principles of spatial logic
(Downs (1957); Enelow and Hinich (1989)). Spacial logic
visualizes preferences in a hypothetical space, where each option
and individual occupies a unique position. The closer an option is
to an individual’s position, the higher the rating or preference
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pairs via non-parametric tests.

assigned to that option. When analyzing preference profiles, a
high standard deviation suggests that an individual perceives
distinct differences in the “distance” between their position and
that of the various options. Thus, when many individuals display
high standard deviations and their rankings are polarized—with
certain options consistently being ranked high and others low—
this indicates a pronounced spatial polarization in preferences.
Such spatial polarization serves as a crucial metric, underscoring
the significance of the voting method in contexts where
preferences diverge sharply. In other words, the choice of voting
method is especially crucial when preference profiles are highly
polarized.

Another way to characterize the questions is to investigate how
voters rate the same choice option over the four input methods.
In other words, do voter preferences differ by the question? To
this end, we introduce “max-choice profiles”. Following the
rationale that the highest rated option is of special importance, we
construct max-choice profiles by coding the highest rated option
as 1 and coding the remaining options as 0. An example of a max-
choice profile for one participant, one question, and one option is
1111. It means that this particular option was rated highest across
all four input methods.

Figure 4 shows the five most common max choice profiles:
1110, 0110, 1111, 0100, and 0000. The gray vertical lines
represent the actual count of each choice profile. The markers
show the count per question. The orange dashed segments
above two of the max choice profiles indicate the theoretical
maximum of that profile. The choice profile 1111, which
signifies a fully consistent voter, is particularly interesting. If all
votes had been cast consistently, in Fig. 4 the gray vertical line
would reach the orange segment. However, this is not the case,
indicating that a significant portion of voters (32.8%) did not
vote consistently.

We test for significant differences in counts across questions
for four choice profiles (Supplementary Table S.10). The number
of counts per question exhibits a significant disparity between the
max-choice profiles 0110, 0100, and 0000. However, this

6
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|
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max choice profiles
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Fig. 4 Only the entirely consistent choice profile 1111 shows no significant
difference in counts per question. The x-axis lists max-choice profiles,
where the highest rated option per question is coded as 1, while the
remaining options are coded as O. The gray vertical lines show absolute
frequencies per max-choice profile. Only profiles with n>25 are displayed.
The colored markers show mean counts by question. The orange horizontal
dashed segments depict the maximum frequency for that specific choice
profile.

difference is not observed in the entirely consistent profile
1111. This suggests that consistency is not influenced by the
specific question asked, but rather reflects an individual’s trait. As
we will describe later, this personal attribute correlates with how
an individual perceives the legitimacy of a voting method.
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Flexibility in voting methods is perceived as more legitimate in
a political context. In this paragraph, the investigation focuses on
how voting method and context impact perceived legitimacy. Par-
ticipants in our experiment provided legitimacy ratings for every
input method across two contexts on a Likert scale from zero to four.
Figure 5 displays a comparison of legitimacy ratings. The left
panel is analyzed first. The dots within each box indicate the
mean y, while the horizontal lines represent the median # of
legitimacy ratings. In the color context, we find that the medians
(n=23) for all voting methods are identical. However, in the
COVID-19 context, the median perception of legitimacy for
majority voting (n=1) is lower than that of the other three
voting methods, which have equal median values (r = 3).
Pairwise comparisons of legitimacy ratings between input
methods within each context are indicated by orange and pink
p-values and brackets. These comparisons are based on the full
array of legitimacy ratings, using the paired Wilcoxon signed rank
test with Holms adjustment. In the color context (in orange), all
but one comparison (ca-mbc) are significantly different from each
other. Consequently, majority voting is considered the least
legitimate, followed by combined approval and modified Borda
count, both of which are considered less legitimate than range
voting. In the COVID-19 context (in pink), all but two
comparisons (mv—-ca and sv—-mbc) are significantly different from
each other. Consequently, majority and combined approval voting
are perceived as the least legitimate, followed by the modified
Borda count, which is considered less legitimate than range voting.
In summary, the results show that range voting is perceived as
more legitimate than majority voting in both the color and
COVID-19 contexts. However, in the COVID-19 context, range
voting, and the modified Borda count are rated as equally
legitimate. This is likely because the modified Borda count
requires a voter to exclude a choice, which may not make sense
when considering colors, as disliking a color to the point of not
wanting to vote on it is quite uncommon. In comparison, in the
COVID-19 context, issues such as strict lockdown measures may
be strongly disliked, leading to a similar level of legitimacy for
both voting methods.
Furthermore, we investigate whether the perceived legitimacy
of a specific voting method varies by context. Two significant

results emerge (black p-values in Fig. 5): The majority vote is
rated as more legitimate when voting on colors compared to
COVID-19-related issues (paired Wilcoxon signed rank test,
p =7.02x 1070, Supplementary Table S.12. The opposite is true
for range voting (p=0.043). These results suggest that the
legitimacy of a voting method is context-dependent to some
degree. In other words, our results suggest that legitimacy is
context-dependent.

Less complex voting methods are perceived as more legitimate
by inconsistent voters. Another crucial question is whether an
individual’s personal traits affect their legitimacy ratings. To
examine this, we focus on the right panel of Fig. 5. Here, we
compare those who vote consistently to those who do not vote
consistently. Please recall that the gray vertical line in the choice
profile 1111 of Fig. 4 represents the fully consistent voters. These
voters are compared to the inconsistent voters, who are respon-
sible for the discrepancy between the gray and orange lines. Now,
let us return our focus to Fig. 5: Our analysis of consistent voters
(shown in blue) reveals that the median legitimacy rating for
majority voting (= 1) is lower than that of combined approval
and the modified Borda count (# = 3), which in turn is lower than
the median legitimacy rating for range voting (1 = 4). In contrast,
for voters with inconsistent preferences, the legitimacy rating for
majority voting (1 =2) is significantly lower than for the other
three voting methods, which have the same median legitimacy
rating (# =3, Supplementary Table S.13). Pairwise comparisons
of legitimacy ratings between input methods across consistent
and inconsistent voters are indicated by blue and red p-values and
brackets (paired Wilcoxon signed rank test with Holms adjust-
ment). For consistent voters (in blue), all comparisons but one
(ca-mbc) are significantly different from each other. For incon-
sistent voters (in red), two additional comparisons turn out to be
non-significant (mv-mbc, cav-sv, cav—-mbc).

The results reveal an interesting phenomenon. Despite the
difference in the number of ratings allowed, inconsistent voters
consider the exclusive three-rating scale (cav) as equally
legitimate compared to the non-exclusive five-rating scale (rv).
Furthermore, it is noteworthy that, on a lower level, the restrictive
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Fig. 6 The area under the preference curve (AUC) is greatest when multiple options receive high ratings. Left panel: lllustration of the preference
profiles of all participants, with the rows representing three distinct voting methods and columns referring to the legitimacy ratings. The options are sorted
in such a way that the highest-rated option is on the right, and the lowest-rated option is on the left. The blue curve is estimated via Local Polynomial
Regression Fitting; its shaded area represents the 95 percent confidence interval. Right panel: Illustration of the average area under the preference profile
curves (AUC) across questions for each participant, rescaled within each voting method. The AUC is plotted against the legitimacy rating for each voting
method, providing a visual representation of the relationship between the AUC and the perceived legitimacy of the voting methods.

majority voting is perceived as equally legitimate as the more
flexible modified Borda count. This could suggest that the
complexity of the modified Borda count may have been
challenging for individuals with uncertain preferences.

Having analyzed the comparisons within the two groups of
consistent and inconsistent voters, we will now focus on
comparisons between these two groups (black p-values). A
Wilcoxon rank sum test reveals a statistically significant
difference in the legitimacy ratings assigned by fully consistent
and inconsistent voters. The results indicate that consistent voters
tend to assign higher ratings to range voting and the modified
Borda count, with p-values of 0.0387 and 0.0228, respectively
(Supplementary Table S.14). These findings are noteworthy.
Consistent voting behavior across four voting methods indicates
that preferences are well-defined and distinct from one another,
making it feasible for these voters to express themselves in a
detailed manner, as required by range voting and the modified
Borda count. On the other hand, for voters with less stable
preferences, the requirement for more detail in these voting
methods may feel burdensome, leading to a lower perceived
legitimacy of these methods. This highlights the importance of
considering the varying levels of preference stability among voters
when evaluating the legitimacy of different voting methods.

Perception of legitimacy is linked to appreciating flexibility in
range voting. Figure 6 illustrates the relationship between
options, preference profiles, and perceived legitimacy. In the left
panel, the rows in the figure represent the voting method, while
the columns show the legitimacy rating. The orange lines illus-
trate individual preference profiles, with options organized in
ascending order based on their ratings. To highlight underlying
trends, a blue curve, generated using Local Polynomial Regression
Fitting, has been superimposed. The area under the preference
profiles, denoted as (AUC), is greater if more options receive high
ratings. For three voting methods, multiple options can attain
similar rankings. Consequently, no method inherently prescribes
a specific AUC. This is not true for majority voting, which is the
reason for not plotting this method. The right panel of Fig. 6

8

depicts the relationship between AUC and legitimacy ratings
across different voting methods. Each point signifies an indivi-
dual’s AUC for a particular voting method, along with the
associated legitimacy rating provided by that participant. Over-
laying these points, the curves generated via Local Polynomial
Regression Fitting serve to aid interpretation.

One curve is particularly noteworthy: For range voting, the
relationship between AUC and legitimacy rating exhibits a
distinct inverse U-shape. The most left part of the “U” indicates
low values of AUC, which in turn indicate that few options
receive high ratings. In this case, range voting receives low
legitimacy ratings. However, as AUC increases and more options
receive high ratings, the legitimacy ratings also increase. This
shows that voters, who appreciate the flexibility offered by range
voting because they assign high ratings to many options, are more
likely to rate the method as legitimate. However, when all options
receive very high ratings, resulting in a high AUC, the legitimacy
ratings decrease. This suggests that, when voters are unable to
distinguish between different options, range voting is perceived as
less legitimate. Hence, the perceived legitimacy of a voting
method depends on the complexity of a voter’s preference profile.
If voter preferences are complex and nuanced, they require a
more complex voting method, and vice versa.

The independence of the perceived legitimacy from COVID-
19-related topics confirms the validity of our legitimacy fra-
mework. Our final analysis was motivated by the question of
whether a participant’s set of opinions concerning COVID-19 would
systematically influence legitimacy ratings. In such a scenario, we
would need to control for the specific question. If the question was
randomized, the most recent question answered before rating
legitimacy could be more prominent in the participant’s memory,
potentially skewing their ratings. This analysis is essential to ascer-
tain the validity of our method for studying legitimacy, as it aims to
confirm whether participants are indeed rating the intended concept.

To test this hypothesis, we clustered voter preference profiles.
We interpreted the centroid based on nine clustering methods
(details in “Clustering expressed preferences”) and identified
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Table 3 The p-values of a Kruskal-Wallis Test indicate no
differences in legitimacy ratings by voting method and
question across the three preference clusters.

vaccine icu protection lockdown
mv 0.163 0.721 0.548 0.583
cav 0.458 0.501 0.139 0.361
rv 0.058 0.253 0.198 0.839
mbc 0.531 0.36 0.22 0.951

three preference clusters per question (Fig. S.9). Subsequently, we
examined whether there was a difference in legitimacy ratings
across the three clusters for each question and voting method.
Out of the 16 tests, none had a statistically significant p-value
(Kruskal-Wallis test, Table 3). This suggests that the preference
profiles on COVID-19-related topics do not significantly
influence how participants rate the legitimacy of voting methods.
Therefore, our questions about the legitimacy of voting methods
should be reliable and accurate indicators of participants’ views.

Conclusion and discussion
The key findings of our experimental study can be summarized as
follows:

1. Different voting methods can lead to different outcomes,
even when the same group of individuals votes on the same
set of questions.

2. The choice of voting method is particularly important in
contexts where preferences are highly polarized.

3. The perceived legitimacy of a voting method is not a
universal property, but context-dependent. Specifically, the
legitimacy gain of preferential voting methods over
majority voting is bigger when more complex questions
are being asked.

4. However, the latter statement is only true for individuals
with clear preferences. Those with uncertain preferences
tend to conflate their undecidedness with the perceived
legitimacy of the method.

5. It is not only uncertainty but also nuance that matters: If a
voter’s preferences are nuanced, they perceive a more
nuanced voting method as more legitimate, and vice versa.

Our study underscores the significance of selecting an appro-
priate voting method, particularly in polarized contexts (Alds-
Ferrer and Buckenmaier, 2021) such as those we examined
relating to COVID-19. The choice of voting method can sig-
nificantly influence the outcomes in such situations.

Additionally, our research elucidates how color preference
embodies a position issue, distinct in nature from valence issues,
as observed in the context of COVID-19 health questions. While
the critical importance of health transcends partisan divides, the
paths to achieving health objectives highlighted by the varied
responses to COVID-19-underscore the complexity of what
might initially appear as valence issues. This delineation enriches
our understanding of issue salience and its impact on the per-
ceived legitimacy of different voting methods. Moreover, our
findings reveal that the dichotomy between valence and position
issues alone does not fully capture the variations in legitimacy
ratings. Specifically, within the context of COVID-19, range
voting was consistently deemed more legitimate, pointing to the
significance of both the issue’s nature and the voting method’s
characteristics in shaping legitimacy perceptions.

Our findings suggest that, while voters with consistent pre-
ferences favor detailed voting methods, those with less defined

preferences may view these methods as unfavorably complex and
less legitimate.

What are the policy implications of our paper? We found that
voters value flexibility in the voting method, and this preference
intensifies in decisions with societal relevance. Before imple-
menting range voting as the baseline choice, however, policy-
makers should consider an additional dimension: the correlation
between voters’ clarity of opinion and their preferred voting
method. Those with clear opinions view more flexible voting
systems as more legitimate. Based on these findings, what is our
practical recommendation for policymakers? To enhance per-
ceived legitimacy, consider adopting the study’s phased approach:
select and communicate the deciding voting method beforehand,
then progressively engage voters with the issue through multiple
rounds, from simple majority voting to more complex methods
like range voting. This graduated approach could help voters,
especially the undecided ones, to crystallize their preferences
without feeling overwhelmed by complex voting systems.

Our research highlights important areas for future investiga-
tion. One key aspect not explicitly addressed in this study is the
relationship between outcome favorability and perceived legiti-
macy. Future studies could investigate how the favorability of an
election result, as determined by different voting methods, affects
its perceived legitimacy. This is particularly pertinent in polarized
or crisis situations, where the acceptance of election outcomes
may be particularly crucial. Additionally, future research could
test the legitimacy perception of an additional way to vote,
namely, offering voters the choice of their voting method.
Accordingly, different sets of people would vote according to
different voting methods. To determine the winning option, each
voting procedure’s outcome could be weighted by the respective
number of voters. In this way, democratic elections would be
open to an evolutionary process, and voters would be driving it.
Furthermore, it is likely that people with well-defined preferences
—let us call them “decided people”—prefer to express their pre-
ferences in a more nuanced way than “undecided people,” who
would need less complex voting methods. While certain cognitive
factors might influence both well-defined preferences and the
grasp of complex voting methods, cognitive factors, for example,
may not necessarily determine how decided people are. These
kinds of questions deserve to be addressed by future research.
Additionally, expanding the scope to various political contexts
such as participatory budgeting, constitutional agendas, or policy-
making in the context of protests, presents other valuable
research directions. Investigating how different voting systems
interact with diverse political issues would provide a more
comprehensive understanding of the legitimacy of these methods.

Data availability

The datasets generated and analyzed in this study are accessible via
a public Github repository: https://github.com/carinahausladen/
LegitimacyVotingMethod.
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