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Zachary Alan Caddick, PhD

University of Pittsburgh, 2022

There are ongoing debates about whether the U.S. should switch from plurality voting to
alternative systems (e.g., cardinal or ranked-choice voting) and debates about the relative
fairness and ease of learning different systems. To address these issues, we developed the ‘Who
Won the Election Task’ (WWET) in which participants were shown the results of a hypothetical
election in which a group of people were voting on which candidate to hire. The WWET had
participants determine elections from raw data and allowed us to calculate the degree to which
participants’ choices agreed with the three voting systems. In four studies, we evaluated how
participants’ preferences about voting systems, the consistency in these preferences when
measured in different ways, and whether their understanding of the voting systems and
individual differences predicted their voting system preferences. Additionally, we tested
educational interventions, which improved participants’ understanding of the voting systems.
Across all the studies, participants’ choices in the WWET were most consistent with plurality
voting. However, participants tended to view ranked-choice voting as fairer than plurality. In
Studies 3 and 4 participants even sometimes viewed cardinal voting as fairer than plurality. In
general, we found low consistency in voting system preferences when measured in different
ways. One reason this may occur is because participants struggled to comprehend the alternative

voting systems and were not adequately self-assessing their own knowledge. This research has



implications for persuading the public to change voting systems for elections as well as how

groups should make collective decisions (e.g., hiring decisions).
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1.0 Introduction

When people come together to make a group decision, they must decide how the preferences
of group members will be collected and aggregated. The process of taking input from individuals
and aggregating these preferences into a single shared decision is a pervasive phenomenon
known as collective decision-making. Collective decision-making exists in many domains,
including how a group of friends decide which restaurant to eat at, how a hiring committee
decides which job candidate to hire, how voters elect politicians, and many more. Collective
decision-making also occurs in other species (e.g., bees; Seeley, 1991). Collective decision-
making can have many benefits. Groups of individuals often make better decisions than any one
individual (e.g., wisdom of the crowds; Kameda, Toyokawa, & Tindale, 2022). Group decisions
can also lead to greater buy-in and consensus among group members (e.g., democracy). Perhaps
the most salient example of collective decision-making in society is voting. VVoting systems are
formalized methods for aggregating preferences and can be used for electing political candidates
but also in other situations to reach a group decision.

The specific voting system used during collective decision-making has important
implications for the resulting decision. First, the scale used for voting can vary. Individuals may
choose a single option out of two or more options, they may rank the options in order of
preference, or they may rate the options by preference strength. Most commonly in U.S.
elections, voters provide a single choice for a preferred candidate and the candidate who receives
the most votes wins, a method known as plurality voting. In contrast, in cardinal voting, voters
provide a rating of the strength of their preferences, which allows them to provide more nuanced
information about many options. Second, beyond the inputs for a collective decision, the rules

for aggregating preferences to reach a decision can vary innumerably and can alter outcomes.



Different ways of collection (nominal, ordinal, metric) are somewhat tied to different
methods of aggregation (e.g., plurality, cardinal voting), but not in a perfect one-to-one mapping.
For example, in both ranked-choice voting (RCV) and the Borda method of voting, voters rank
candidates. However, the way the votes count and the method of aggregating is quite different
across these two voting systems. In the Borda method of voting the ranking given to each
candidate is associated with a different weighted score. The scoring formula is N-R, where N is
the total number of options (e.g., candidates) and R is the rank given by a voter. For example, in
a three-candidate election, the first ranked candidate on a ballot will receive 2 points, the
second-1 point, and the third-0 points. The Borda aggregation method involves summing the
points for each candidate with the winner being the candidate with the most points.
Contrastingly, RCV works by first checking if any candidate has at least 50% support of the
highest rank. If so, this candidate wins. If not, then the candidate with the least amount of
support according to the highest rank is eliminated and those votes are re-assigned to the voter’s
next favorite candidate. The votes are then counted again to see if a candidate has over 50%
support. If so, this candidate wins. If not, the process is repeated.

Different voting systems can lead to different group decisions. There are situations in which,
if a single group of voters is asked to submit their votes using two different voting systems, and
they vote sincerely both times, the two voting systems could result in a different winner. Ideally,
both candidates and voters would feel that so long as the voting system has been followed, that
the election is fair, even if the candidate themselves or a voter’s preferred candidate loses. But,
the very notion of fairness is potentially undermined-and that the very least, made more
complex—by the fact that different voting systems can lead to different outcomes.

If people disagree about which voting system is the most fair they may feel that their



preferred candidate only lost because one voting system was used instead of another, which
could feel arbitrary or potentially even systematically biased against one candidate or one party.
Furthermore, less formal situations of collective decision making (e.g., deciding where to go to
dinner, or which candidate to hire), the decision makers may not have even thought about how
they would aggregate votes in advance, and then wind up in a situation in which there are
multiple options, which may lead to different outcomes. In sum, picking a voting system for a
collective decision is vital because it sets out the rules for making a ‘fair’ decision. However,
individuals may disagree over the voting system or may not even realize that they need to pick
one or that there are multiple options.

The current paper is motivated by the question of what voting systems people prefer and
why. Making progress towards this question is important so that groups can pick voting systems
that feel fair to them. This question is deceptively simple and raises a number of other questions
that need to be addressed. The goal of this paper is not to seek a definitive answer to the question
of what voting system people prefer, which would require a representative survey, or assessing if
different groups have different preferences. Instead, the goal is to develop methods to understand
how to go about studying this question. In an effort to do so, we examine four interrelated
questions. First, are voting system preferences consistent when comparing different ways of
measuring preferences? Second, how well do individuals understand different voting systems
and is understanding related to individuals’ preferences? Third, what is the best way to teach
people about different voting systems and when people learn more about the voting systems, do
their preferences change? Fourth, are there individual difference measures that predict and may
explain voting system preferences? Though it would be convenient if these questions could be

addressed independently, we do not feel that it is possible. For example, understanding which



voting system is preferred by a group may depend on how the preferences are measured and how
much knowledge the individuals have about the voting system. A researcher must then decide
which way to go about measuring preferences, and how much information to convey about the
voting systems.

In the remainder of the introduction, we will first discuss how the current context of voting in
the U.S. connects to the motivation behind this project. Second, we will discuss relevant
contributions from the literature on social choice theory that aid our understanding of voting
systems. Third, we discuss different methods of measuring voting system preferences and the
importance of understanding if these measurements are consistent (or not). Fourth, we discuss
how teaching, learning, and understanding may influence voting system preferences. Lastly, we
discuss individual difference measures which may help explain why people prefer certain voting
systems.

1.1 Current Context of Voting Systems in the U.S.

The specific way people vote in the U.S. has been under increasing scrutiny, and there is a
growing interest in modifying the electoral system in the United States. One reason for this
interest is a dissatisfaction with the two-party system, which tends to develop when plurality
voting is used in single-winner elections (Duverger’s law; Duverger, 1959). Indeed, a month
before the 2022 midterm elections, 35% of Americans stated that they do not identify as
belonging to either of the two dominant political parties (Gallup, 2022). and 62% of Americans
state that a third party is needed in the United States (Jones, 2021). Ranked-choice voting (RCV)
has seen recent popularity as an alternative to plurality voting. In 2018, voters in Maine approved
a ballot initiative to switch to using RCV. In 2020, voters in Massachusetts failed, and voters in

Alaska succeeded, in passing ballot measures to switch to RCV. Additionally, 53 U.S. cities



currently use RCV, with the number expected to grow (FairVote, 2022).

There are many different voting systems to choose from and infinite rules that could govern a
given voting process. Political organizations exist that advocate for specific alternative voting
systems such as RCV (e.g., FairVote, RankTheVote), approval voting (The Center for Election
Science), and range voting (The Center for Range Voting). While there are many proposals for
changes to voting systems, there is a lack of psychological evidence about people’s preferences
and how well people understand different voting systems.

Though there is some polling on such topics, it is quite superficial. For example, Alaskans for
Better Elections commissioned an exit poll during a special election in August of 2022, the first
use of Alaska’s new ranked choice voting system. The survey asked, “In your opinion, how
simple or difficult was it for you to fill out your Ranked Choice Voting ballot?”” on a four-point
scale from very simple to very difficult (Alaskans For Better Elections, 2022). Eight-five percent
of respondents answered, ‘very simple’ or ‘somewhat simple’, which was interpreted as a
success for RCV. However, this poll only assesses respondents’ perceived difficulty of filling out
the ballot, not whether they understand how the RCV scoring procedure works or whether they
find the scoring procedure simple and fair. A voter might find the ballot simple and yet not
understand the voting system. Sarah Palin, the second-place finisher in that election has called
RCV “untrustworthy” and “cockamamie”, and more broadly the election has spurred on the
debate about whether RCV is fair and understandable (Herz, 2022). One strength of an exit poll
survey is that it is potentially representative of a specific population. In contrast, the current
research is not designed to be representative of a given population, but it is designed to dive into
the details about what may guide public information campaigns to teach about new systems, how

to describe voting systems in ballot measures, and how to persuade people to see benefits of



alternative systems. These goals are relevant to political activist organizations as well as
governmental agencies trying to explain how a voting system works. More broadly,
understanding how people think that group choices should be made is relevant to any group
decision, not just political voting.

1.2 Social Choice Theory

“Social choice theory is the study of collective decision processes and procedures. It is
not a single theory, but a cluster of models and results concerning the aggregation of
individual inputs” (List, 2013). Social choice theory has a rich history spanning over 200 years,
with many notable thinkers under its umbrella (e.g., Charles Dodgson AKA “Lewis Carroll”,
John Stuart Mill). Some of the earliest work in social choice theory involved mathematically
describing strengths and weaknesses of different voting systems. The foundational figure
Nicholas Condorcet, for instance, famously described the phenomenon of “Condorcet Cycles”
where rock-paper-scissors-like scenarios can play out in election results in which it is unclear
which of several candidates is the clear winner (Condorcet, 1785). In these scenarios, candidates
both best and are bested by other candidates depending on head-to-head matchups in such a way
that it is ambiguous which candidate should be considered the ultimate winner.

Kenneth Arrow famously introduced an “impossibility theorem” that mathematically proved
that there is no voting system that fulfills five specific desired criteria (“axioms”) for 3 or more
options and 2 or more voters (Arrow, 1951). Though there is some disagreement about the
importance of all the axioms and how strictly they should be adhered to (Stanford Encyclopedia
of Philosophy, 2022), many are very straightforward. One axiom is that the voting system
should not be a dictatorship (i.e., one person should not be making the decision for all people).

Another is the independence of irrelevant alternatives (i.e., if a losing candidate/choice is



removed or added from the race/consideration, the outcome of the election/decision should not
change). A third requires that not only should a voter’s preference by transitive, but aggregated
preferences should be transitive as well. Arrow’s impossibility theorem demonstrates that no
voting system upholds all of these desirable features.

Many theorems have followed in the wake of Arrow, including the Gibbard-Satterthwaite
theorem, which builds on Arrow’s Impossibility Theorem and introduces the problem of
strategic voting (Gibbard, 1973; Satterthwaite, 1975). Strategic voting occurs when a voter casts
a vote that deviates from their true preferences (e.g., voting for a candidate they think is likely to
win rather than for their favorite candidate if they think that their favorite will lose) in order to
alter the outcome of an election. Honesty and deception from individuals add another layer of
complication to enacting desirable voting systems, and there are voting systems (e.g., median
voting) that are designed to minimize the influence of strategic voting. In the rest of this
manuscript, we do not consider strategic voting.

Aside from the theoretical work, there is also empirical work within social choice theory,
which involves experiments with groups of people who are making decisions from spatial
information in a paradigm referred to as “Spatial Voting Games” (e.g., Bianco, Lynch, Miller, &
Sened, 2006). Although these games exist in different forms, they typically assign individuals a
fixed preference represented in a hypothetical n-dimension space (typically 1-2 dimensions).
After each individual is assigned their spatial location, the group must decide where to place
their collective decision in a deliberative-tug-of-war style game, where each individual is
motivated to pull (or “tug”) the decision to be as close to them as possible. Thus, for a consensus
to be reached in these games, individuals must take others’ preferences into account.

From the social choice theory literature, we see that no one voting system may always work



perfectly and different voting systems prioritize different aspects of fairness, which may lead to
individual differences in voting system preferences. The current research contributes to this line
of work by trying to add a psychological component: understanding which voting systems people
prefer in light of the fact that they offer competing strengths and weaknesses.

1.3 Measuring Voting Preferences & Choice Consistency

In order to understand which voting systems individuals believe to be most fair, one must
create a measure of voting system preferences. There are at least two obvious ways to do so. One
way is to create a survey. The survey method, however, also requires teaching people about how
different voting systems work, and the names for different voting systems, so that they can rate
each voting system. A limitation of this approach is that even with clear explanations for how a
voting system works, people may still not understand it. This could raise a further issue - if
someone thinks that a voting system is fair or unfair, but they do not actually understand it, how
meaningful is the fairness rating? Perhaps instead the rating reflects a fairly quick and
uninformed impression. For this reason, we created an alternative way to assess how people
think that an election should be decided.

We created a task in which participants are shown ballots cast by voters, and they decide
which candidate they think won the election; we call this task the “Who Won the Election Task”
(WWET). Because there are many ways to make this decision it is not a trivial decision. By
choosing who they think won, participants essentially provide their opinion about how the
election should be decided fairly. Importantly, this task does not require teaching people about
the voting systems, instead it is just how they would decide if faced with the voting data. Their
choices can be interpreted as revealing preferences for different voting systems, since different

choices are consistent with different voting systems. Thus, this task can be viewed as similar to



work in the revealed preferences literature (c.f. Beshears, Choi, Laibson, & Madrian, 2008).
Revealed preferences are preferences revealed from an individual’s choices. For instance, if an
individual is willing to pay more for a product that is healthier and overlook a cheaper, but less
healthy, alternative—we could state that this individual has revealed a preference for health.

The Who Won the Election Task is also similar to a classic cognitive science research
paradigm that uses “summary tasks.” Summary tasks have participants extract summary
information from visual imagery (Szafir et al., 2016). For instance, an image may be shown with
many circles of different sizes and a participant may be asked to estimate the average circle size.
Humans can efficiently average visual information across size, orientation, direction, and
position (Szafir, et al., 2016, and citations therewithin). Additionally, people can effectively
average visual information even with varied distributions (Dakin, 2001; Szafir, et al., 2016). This
line of work provides foundational evidence for which we can reasonably believe that choices in
our task reflect differences in preference and not choices in error due to a lack of ability to
effectively aggregate individual stimuli.

It is not obvious which method of measuring voting systems preferences would be better, so
we investigated both of them. If the two methods are consistent, that is good news because it will
make the job for future surveys (e.g., nationally representative surveys, ballot proposals) of
voting preferences easier. However, if they are not consistent, this raises questions for how to
accurately measure voting preferences, and in fact there may be some inherent duality in
people’s preferences—that individuals think they prefer one system but actually prefer another.

1.4 Teaching People about VVoting Systems
An issue raised in the previous section is that a survey in which people report preferences for

voting systems requires teaching them the names and procedures for the voting systems. This



raises the issues of whether people can understand the voting systems from a relatively brief
tutorial, and what ways of teaching these are better versus worse. Helping people to understand
voting systems is important for two other reasons. First, if there is interest in adopting a new
voting system and the choice is put forth on a ballot initiative, people need to understand the
various systems being put forth in order to vote on a voting system. Second, if a new voting
system is adopted, it would be important to mount educational campaigns to teach people not just
how to fill out a ballot but also how the votes get tallied.

The ease of teaching the public about ranked-choice voting in particular has been a point of
contention. For example, the policy director for Massachusetts’ recent ballot proposal on ranked-
choice voting, Greg Dennis, said “We’ve known all along that once we’re able to inform
someone about how ranked-choice works, they support it” (Boston Globe Editorial Board, 2020).
However, Gov. Charlie Baker of Massachusetts has stated that he is opposed to the “very
complicated” system. Although many disagreements in politics may stem from differences in
values, these are specific empirical claims about how easy different voting systems are to learn
and which voting systems people prefer and why. In this research, we studied questions such as
how best to teach people about voting systems, how malleable are people’s preferences for
voting system preferences, and when taught about the voting systems, do their preferences
change?

Though we do not know of any research that has studied how to teach people about voting
systems, a number of websites teach people about voting systems. These websites often use
scenarios in which learners are given hypothetical information about distributions of voter
preferences and walked through the counterfactual of how different voting systems would handle

the situation (e.g., FairVote, 2022; The Center for Election Science, 2021). The information

10



about voter preferences is often number/percent of voters with each ballot ranking. Often this
information is presented in a tabular format, although lists are common too. Many organizations
pair teaching with persuasion by also using scenarios that show an undesirable outcome for one
voting system and how another voting system would handle that case better (e.g., FairVote,
2022; Mr. Beat, 2019). For instance, the most notorious example of an undesirable outcome may
be spoiler effects within plurality voting. (A spoiler effect is when the presence of an unpopular
third candidate can change who wins. It is also possible to have spoiler effects in RCV; although
the candidates must be fairly competitive for these outcomes to occur, whereas in plurality
spoiler effects can occur with low levels of support among the ‘spoiler’ candidate.)

In the current research we studied how to teach people about voting systems, which is a
primary goal of Study 2 (chapter 3). We will address our motivations for the specific teaching
interventions used in the introduction to that chapter. At a high level, understanding how a voting
system works may be necessary to believing the resulting decision is fair. Additionally, because
different voting systems are presenting competing ideas of fair processes, ideally voters
understand how the different options work and believe the one used is the fairest option, which
also should increase acceptance of the results as fair.

One other aspect related to people’s understanding of voting systems is the extent to which
understanding is related to preferences. It is possible that people prefer voting systems that they
understand better (or think that they understand better). One factor that influences individuals’
preferences is fluency. People tend to prefer stimuli that they have seen before in contrast to
near-identical, but novel stimuli (Bornstein & D’Agostino, 1992; Zajonc, 1968). Positive
feelings are typically felt by people as a result of the ease of processing from repeatedly

retrieving some target information (Bornstein & D’Agostino, 1992, 1994). For instance, people
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may prefer plurality voting both because they are used to it, which increases fluency, and also
because it is an easy voting system. Related to evidence from literature on fluency is simplicity
theory which states that people have a bias for experiences that minimize cognitive load (Chater,
Vitanyi, 2003). Chater and Vitanyi argue that humans’ preference for simplicity is reflected in
our general preference for the simplest method or simplest explanations that adequately
addresses some phenomena (e.g., Occam's Razor). For these reasons, voting system preferences
may be influenced by understanding. If an individual only groks plurality voting, then that may
be their preferred voting preference when asked. However, if an individual understands an
alternative voting system and sees a need addressed by that voting system, they may be more
likely to prefer that voting system. Whatever the specific reasons for why an individual prefers a
given voting system, it is clearly important to evaluate how well individuals understand different
voting systems and to address any deficiencies so that people can effectively vote, understand the
results, and believe it is a fair process.
1.5 Individual Difference Measures and Collective Decision-Making

It is unclear exactly why people may prefer one voting system over another. The “Who Won
the Election Task™ can provide insights into what voting systems individuals believe lead to the
fairest outcomes. Additionally, it is possible inter-individual differences may also play an
important role. VVoters may view certain voting systems as being better aligned with their moral
values. We identified several measures of individual differences to help explain voting system
preferences: moral foundations, utilitarianism, numeracy, and cognitive reflection.

1.5.1 Morality

It is possible that moral priorities influence preferences for different voting systems. Moral

priorities have been shown to predict other political decisions like who someone votes for

12



president (Franks & Scherr, 2015), for instance, and Republicans and Democrats in the U.S. have
contrasting moral profiles (e.g., Franks & Scherr, 2015). Additionally, like the work in motivated
reasoning—where the role of emotion and motivation has been shown to reliably alter individuals’
reasoning processes—the last two decades of research on morality has shown that emotional
responses to moral issues can explain reasoning processes, often with much greater explanatory
power than ‘cold’ rational reasoning theories (see Haidt, 2001; Kunda, 1990).

To measure important aspects of morality we used The Moral Foundations Questionnaire
(MFQ), which has 5 sub-scales representing distinct morals: authority/respect (“concerns related
to social order and the obligations of hierarchical relationships™), harm/care (‘“basic concerns for
the suffering of others, including virtues of caring and compassion”), in-group/loyalty (“concerns
related to obligations of group membership, such as loyalty, self-sacrifice and vigilance against
betrayal”), fairness/reciprocity (“concerns about unfair treatment, inequality, and more abstract
notions of justice”), and purity/sanctity (“concerns about physical and spiritual contagion,
including virtues of chastity, wholesomeness and control of desires”; Haidt, Graham, Joseph,
2009). Liberals tend to have higher levels of fairness/reciprocity and harm/care, whereas
conservatives tend to have higher levels of in-group/loyalty, authority/respect, and
purity/sanctity.

We predict that a preference for plurality voting will be more likely for conservatives, and
those with conservative-learning moral foundation traits (greater in-group loyalty,
authority/respect, and purity/sanctity). One reason for this prediction is that conservatives may be
more motivated to uphold systems and less willing to make structural changes to existing
systems.

Another reason may have to do with how the different voting systems prioritize different
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aspects of fairness. For instance, plurality voting systems determine the winners based on the
option with the most votes. However, in plurality voting it is possible to win with well below
50% of the vote and even for the majority of the voters to not prefer the winning candidate. In
this way, plurality voting values the outcome desired by the single most dominant group even if
it is against the wishes of the majority. In contrast, RCV winners must have a majority of voters’
support. Similarly, a cardinal voting system which determines a winner by calculating the
average rating for each candidate and choosing the one with the best average, prioritize winners
that are most representative of voters. For these reasons, conservatives and those with
conservative moral values may prefer a voting system that prioritizes the desires of the single-
most dominant group—which plurality does.

1.5.1.1 Utilitarianism.

We propose that utilitarian views will predict voting system preferences. Utilitarianism is a
moral view that seeks to maximize the well-being of all people. Given that voting systems
prioritize different aspects of fairness, one factor that could influence voting system preferences
is the extent to which an individual holds utilitarian values. We would expect utilitarianism to be
associated with RCV and cardinal preferences instead of plurality voting, given their emphasis
on majority approval and representativeness, respectively.

To measure utilitarianism, we used the Oxford Utilitarianism Scale, which has two sub-
scales: impartial beneficence, which measures an “aspect of utilitarianism that seeks to
impartially maximize welfare and the greater good, even at expense to oneself” (p. 143; Kahane
et al., 2018) and instrumental harm, which measures “allowing harm in the service of the greater

good” (p. 143).
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1.5.2 Cognitive Reflection

Cognitive reflection, the ability to override intuitive responses, has been shown to predict
individual differences in one’s reasoning ability and personal beliefs. For instance, individuals
higher in cognitive reflection tend to have higher SAT scores (Frederick, 2005), lower levels of
conventional religious beliefs (Pennycook et al. 2012), greater ability to discern “pseudo-
profound bullshit” (as measured by meaningless, but syntactically correct, sentences filled with
buzzwords; Pennycook et al. 2015), and rational thinking (Toplak, West, & Stanovich, 2011).
Additionally, Pennycook and Rand (2018) found that Trump voters in the 2016 U.S. election had
lower levels of cognitive reflection than Clinton supporters.

We predict that cognitive reflection will relate to voting system preferences. For example,
one of the reasons individuals may prefer plurality voting is because it is cognitively easier to
understand. Additionally, plurality voting is the norm in the U.S. and cognitive reflection has
been shown to be related to rejecting conventional thinking. Thus, individuals higher in cognitive
reflection may also be more likely to be attracted to atypical practices. Additionally, individuals
high in cognitive reflection may be more likely to expend the cognitive effort needed to
understand the merits of alternative systems.

1.6 Summary of Studies and Hypotheses
We conducted four studies to examine how individuals aggregate preferences.
1.6.1 Hypotheses & Predictions
(1) Choice Consistency. Are judgments about who won an election consistent with their
judgments of which voting system is viewed as most fair when directly asked? [Study 1, 2, 3, 4]
(2) Individual Differences. Are there individual differences that are associated with different

voting system preferences? [Study 1, 4]
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(3) Understanding and Preferences. Do people prefer voting systems that they understand
better? [Study 1, 2, 3, 4]
(4) Teaching Interventions. Can we identify better ways to teach people voting systems and do
these different teaching methods lead to different views about which systems are most fair?
[Study 2]

2.0 Study 1

2.1 Methods
2.1.1 Pre-registration

All four studies were pre-registered on Open Science Framework (OSF)

[https://osf.io/n75cz/]. For logistical reasons, data collection for all four studies began prior to

posting pre-registration. However, data was never examined prior to posting our hypotheses and
analysis plans.
2.1.2 Participants

We recruited 300 participants through the University of Pittsburgh’s introduction to
psychology subject pool. Participants in all four studies had to be at least 18 years old and fluent
in English.
2.1.3 Design, Procedures, and Measures

Figure 1 shows the procedural flow of the study. There were four main tasks: the Who Won
the Election Task, the Voting System Comprehension Test, Declared Voting System Preferences,
and a series of individual difference measures. These are discussed in turn. First participants
were introduced to the graphs that were used in the “Who Won the Election Task” (Appendix
Al). Second, participants completed 3 questions to ensure they understood how to read the

graphs (Appendix A2). These questions are designed to have obviously correct answers (i.e.,
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every voting system agrees who the winner should be). Third, participants completed the “Who

Won the Election Task” (described below).

Study 1 Procedure Study 2 Procedure

| Who Won the Election Task | | Who Won the Election Task - 1st Time

v v
| Voting system introduction \ \ Voting system introduction

v v
| Voting system comprehension test \ \ Voting system comprehension test - 1st time

v

| Declared voting system preferences \ \ Declared voting system preferences - 1st time

Voting system teaching intervention (randomized)

Retrieval Practice \Dfscovery Leamfng| Re-study | Control (none)
v v
\ Who Won the Election Task - 2nd Time
v
\ Voting system comprehension test - 2nd time
v

\ Declared voting system preferences - 2nd time

\d
| Individual Difference Measures \ l

‘ Voting system meta-cognition ratings

Figure 1. Study 1 and 2 Procedure Overview. Note: There were other blocks of the survey that
are not denoted here. The figure only includes analyzed blocks.

2.1.3.1 Who Won the Election Task (WWET).

2.1.3.1.1 The WWET Procedure. Full details for the WWET are available in Appendices Al-
A3. In the WWET, participants were asked to imagine that they worked for a company deciding
to hire a new employee from three candidates.! Each member of the hiring committee voted on
whether they wanted a candidate who excelled technically or in terms of leadership on a -100 to
+100 scale, and each candidate was assessed through the hiring process at a specific number on
the same scale. A graph was provided to participants that represented the preferences of the

hiring committee members (vertical black lines) and the candidates preferences (vertical blue

1 We chose not to use a political voting situation, but an analogous task would be to see three candidates that range
from strongly conservative to strongly liberal, and a set of voters who lie on the same dimension, and to need to
decide which candidate is best to represent the set of voters. This setup is inspired by the spatial model of voting
game literature, in which the theoretical question is how to choose a candidate that mathematically best represents a
set of voters. In Studies 3 and 4, a slightly different setup will be used in which each voter rates each candidate
rather than being positioned on a single dimension.
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lines and letters; e.g., Figure 2). Based on the graph, participants judged “Based on the
preferences of the hiring committee members in the graph above, which job candidate do you

think should be hired?” Every participant saw 10 graphs and thus made 10 judgments.

Hiring committee | | I 1 I I'1
Preferences

Technical Balanced Leadership

Job Candidate Skills

Figure 2. Example stimuli for Who Won the Election Task.

From the figures in the WWET, it is possible to determine which candidate should be hired
according to plurality, RCV, and cardinal voting. In Figure 2, Candidate N wins according to
plurality voting, because 4 committee members are closest to N, whereas 3 are closest to W and
2 are closest to L. In Figure 2, Candidate W wins according to RCV. Since Candidate N had 4
out of 9 votes in the first round, which is less than 50%, an instant-runoff would occur.
Candidate L would be eliminated in the instant-runoff because L has the least number of votes.
The two voters in the middle of the scale are closer to W than N, so W would win the election
with 5 out of 9 votes. In Figure 2, Candidate L wins according to cardinal voting because L has
a lower average distance to all 9 committee members (63.00) than N (71.90) or W (78.70).

2.1.3.1.2 The WWET Stimuli. In most elections, many scoring systems choose the same
candidate. Because we wanted the WWET to be able to differentiate participants’ preferences for
the different voting systems, we chose stimuli for which the different voting systems would elect
different candidates. We created 10 figures like Figure 2. In 9 of the 10 graphs there were three
job candidates and in 1 there were 2 candidates. All graphs had between 7 and 17 voters

(‘committee members’). We used relatively small numbers of voters and candidates to reduce the
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cognitive burden of the task. For each of the 10 figures, we creating a mirrored version flipping
the X-axis, and participants were randomly assigned one of the two versions. The locations of
the voters were chosen so that it should be relatively easy to determine if they were closer to one
candidate or another.

In 4 of the 10 graphs, all three voting systems choose a different winner. (With three
candidates, there must be at least 9 voters to get these three voting systems to diverge.) In these
four graphs, like in Figure 2, the middle candidate was the candidate picked by cardinal voting;
since cardinal voting picks the candidate closest to all voters, in contentious elections (with three
candidates and in single-dimension voting games) this ends up being the middle candidate.

We did not want to only have graphs in which all three voting systems diverge because this
situation is fairly rare in a statistical sense. Thus, we included some other situations. In 2 graphs,
cardinal voting and RCV picked the same candidate, and plurality picked a different candidate.

In the remaining 4 graphs, plurality voting and RCV picked the same candidate, and cardinal
voting picked a different candidate. In addition, in 3 of the graphs there was a clear loser; none of
the three voting systems chose one of the candidates. Since it is hard to justify why the losers
would be picked, we used these as a check that participants were putting forth sufficient effort on
the task.

2.1.3.1.3 The WWET Scoring System.

We developed two methods for scoring the extent to which participants’ choices in the
WWET were more or less consistent with each of the three voting systems. Table 1 provides a
concrete example of these two methods. Table 1 uses the voting situation from Figure 2. The
three rows depict the scores that a participant would receive if they chose each of the three

candidates as the winner.
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The three rows for the Raw Voting Values are the numbers already explained above; L wins
for cardinal because L has the lowest average distance to all the committee members (63.00), N
wins according to plurality because N has the highest number of committee members that are
closest to N (4) , and W wins according to RCV because once L is eliminated W has more

committee members that are closest to W than N does (5 vs. 4).

Table 1. Who Won the Election Task Scoring Method for data in Figure 2

Raw Voting Values Transformation: Method 1 Transformation: Method 2
Choice  Cardinal  Plurality RCV Cardinal  Plurality RCV Cardinal  Plurality RCV
N 71.90 4 4 0 1 0 .663 444 444
L 63.00 2 0 1 0 0 .705 222 .000
w 78.70 3 5 0 0 1 632 .333 .556

Note: Higher raw voting values for RCV and plurality reflect better scores, but for cardinal lower raw values are
better.

In Scoring Method 1, the choices are scored either a 1 (choice is consistent with a voting
system or a 0 (inconsistent with voting system). In Figure 2, each of the three voting systems
chooses a different candidate, so each choice in Table 1 is associated with a single system.
However, for some items in the WWET one choice is consistent with two voting systems. The
scores from the 10 items in the WWET are averaged for a given participant, resulting in three
numbers representing the consistency between a participant’s choices and the three voting
systems. Because some choices are consistent with two voting systems, these scores do not sum
to 1.

Scoring Method 2 captures the degree to which a given choice agrees with the choice made
by each voting system. For plurality and RCV, the scores are calculated by dividing the Raw
Voting Values by the total number of voters, so these values sum to 1. For example, if a
participant chose W as the winner in Figure 2, this choice is 33% consistent with Plurality and
55% consistent with RCV. For Cardinal voting, since the raw voting values are average distances

(lower is better), the formula for Scoring Method 2 is (1-(target score/sum of all scores)). Thus,
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the score for candidate N is calculated as 1-(71.9/(71.9+63+78.7))=.663. (Note that the three
Cardinal scores sum to 2, not 1 like the other systems, but this is inconsequential for subsequent
analyses.) The scores for the 10 items in the WWET task are averaged so that each participant
has three scores that represent the degree of consistency between their choices each of the three
voting systems. A benefit of Scoring Method 2 is that it represents degree of consistency rather
than all-or-nothing consistency. For example, in Figure 2, even though L is technically the best
choice according to cardinal voting, N is also understandable because it is a close second.

Although Scoring Method 2 is useful because it represents the degree of consistency, some of
our results are more easily interpreted using a 0-100% agreement scale that Method 1 offers.

2.1.3.2 Voting System Introduction

After the WWET, participants were taught the three voting systems, cardinal, plurality, and
ranked-choice voting, and the names for these systems (Appendix A4). After learning a given
voting system, participants rated it on a 5-point Likert scale, 1 being “very unfair” and 5 being
“very fair.”?

2.1.3.3 Voting System Comprehension

Next, participants answered 9 questions to test their comprehension of the voting systems
(Appendix A5). Participants were shown three graphs, and for each they were asked which
candidate won according to the three voting systems, in a counterbalanced order. For these three
graphs, the three voting systems picked different candidates. Each question was scored as correct

(2) or incorrect (0). For some analyses, the sum of the 3 comprehension questions within a voting

2 To simplify the results section, we do not report these ratings. Because these ratings are made sequentially after
introducing each voting system, rather than at once after all three have been introduced, in hindsight we feel that
they are less reliable. We found that the ratings changed more dramatically from the first ratings to the second
ratings across our studies, but then became more stabilized at later time points. We believe that not understanding all
of the available alternatives can change the calculus of any one choice’s worth and thus the later ratings are more
reliable.
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system were used on a scale of 0-3; and for other analyses, the sum of the 9 comprehension
questions were used.

2.1.3.4 Declared voting system preferences

Participants were asked “Which of the three voting systems below do you think is best?”
[options: ranked-choice, plurality, cardinal voting]. Participants also rated the fairness of each
voting system (Likert-scale 1-5 ratings: 1=very unfair, 5=very fair). See Appendix A6 for
question text.

2.1.3.5 Individual Difference Measures

Participants first completed the Cognitive Reflection Test (CRT); it was always included first
to control for cognitive fatigue. Then, participants completed measures of numeracy,
utilitarianism, and moral foundations, in a random order. After, participants answered some
questions about political orientation and demographics.®

2.2 Results

2.2.1 Participants

Five participants were removed who did not originally submit complete data. Eleven
participants were removed because they did not correctly answer the questions to ensure they
could read the graphs (4% of the remaining sample). The criterion for inclusion was not missing
more than one question on the graph questions; this criterion was set after examining the
distribution of responses with the goal of eliminating participants who were not reasonably
attending to the materials. (The same approach is used in all four studies.) In all, 284 participants

submitted valid data for analysis.

3 We also asked six questions about participants’ self-reported political knowledge, behavior, and beliefs, but these
results are not included for concision; see Appendix A7 for items and descriptive statistics.
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2.2.2 Validity Check

As a measure of attention/comprehension, we examined how often the “loser” candidates
were selected. Participants selected the loser candidate 6.81% of the time. The majority of
“loser” candidate choices occurred for item 5 (~95%), which may be more attributed to the
characteristics of that item (e.g., it is more difficult) than a lack of attention or effort on the
participants’ part. In general, the low frequency of choosing candidates that were not supported
by any of the voting systems suggests that participants took the WWET seriously.
2.2.3 Voting System Choices

2.2.3.1 WWET Choices

Descriptive statistics for both WWET choices and declared voting system preferences for all
studies can be seen in Figure 3. Within the WWET (Method 1), participants chose the plurality
option most frequently, followed by the cardinal option and RCV; a one-way repeated measures
ANOVA found a significant difference among these choices, F(2, 566) = 71.93, p < .001, nZ =
.198.4

2.2.3.2 Declared Voting System Preferences

In the declared voting system preferences, the majority of participants preferred RCV
(Figure 3). A Chi-square goodness of fit was significant meaning that the distribution was
different from chance, x*(2) = 47.04, p < .001.

2.2.3.3 Choice Consistency

From the descriptive statistics just discussed, it is already apparent that there is some
discrepancy between the choices in the WWET and the declared voting system preferences

because plurality is the most common for the WWET and RCV was typically viewed as the best

4 To aid in interpreting ANOVA effect sizes in this paper, we include Bakeman’s (2005) rules of thumb for
generalized eta scores: small (.02), medium (.13), large (.26).
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for the declared preferences. Here, we examine the consistency between these two different ways
of eliciting preferences more formally (Figure 4). A Linear Discriminant Analysis (LDA) was
conducted to examine if choices in the WWET (Method 2) can successfully predict participants’
declared voting system preference. Overall, choices in the WWET were able to predict
participants’ declared voting system preferences for 41.50% of participants. The hit rate
(probability of correctly classifying participants) was 56.30% for cardinal voting, which is above
chance, z = 3.96, p <.001; people who picked cardinal voting also used cardinal voting the most
in the WWET. The hit rate for plurality was 52.10%, z = 3.42, p < .001; people who picked
plurality also used plurality the most in the WWET. However, the model could not predict who
would choose RCV above chance; the hit rate was 30.2%, z = -.73, p = .465. The participants
who chose RCV in their declared preference used plurality the most in the WWET, similar to
those who chose plurality in their declared preference. Summarized another way, participants
who declared cardinal the best, tended to make cardinal WWET choices, but both participants

who declared plurality and RCV the best tended to make plurality WWET choices.
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Figure 3. Percent of choices in WWET in support of each voting system and declared voting
system preferences and 95% Cls. Note: Some choices in the WWET support two voting systems,
so the bars add up to over 100%. For studies in which the tasks were performed more than once,

the first is shown.

25



Declared Voting System Preferences

Participants who
chose cardinal

Participants who
chose plurality

Participants who
chose RCV

1001
754

501

Study 1

25+

R

‘\

]
nln

1004
754

50+

Study 2

25+

0-

[Key: B Time Poipt-T M Time Point 2

ulle

1004
75+

504

Support of Each Voting System
Study 3

251

|Key: ® Raw Data Only ™

Raw+Summary Data |

T T T

ella

T T T

Percent of Choices in WWET (Method 1) in

1004
75+

504

Study 4

25+

01

|Key: B Raw Data Only M

Raw+Summary Data

Summary Data Only|

Hi

I Iil

Kl

_—

Cardinal Pluralty RCV

Cardinal Plurality RCV

Cardinal Pluralty RCV

Among Ps who declared
cardinal the best, the
majority of their WWET
choices were consistent
with cardinal, or cardinal
and plurality.

However, among both Ps
who declared plurality and
RCV the best, they tended
to make WWET choices
consistent with plurality.

When Ps had summary
data that lacked the RCV
elimination logic (Study 3),
choices were similar across
conditions, but when the
RCV elimination logic was
added in Study 4...

...Ps who declared RCV
the best made more RCV
WWET choices

Figure 4. Consistency between declared voting system preferences and choices in WWET. Note:
For studies in which the WWET was performed more than once, the first is shown (with the

exception of

Study 2).

2.2.3 Individual Differences

2.2.3.1 Predicting Declared Voting System Preferences by WWET and Individual

Difference Measures

We first assessed whether the individual difference measures could, in aggregate, explain

participants’ declared voting system preferences above and beyond the WWET. Adding the

individual difference measures to the LDA model had a negligible increase in the ability to

correctly classify voting preferences choices from 41.50% to 41.90%. From the LDA, we found

that participants who tended to make fewer WWET plurality choices tended to make more
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WWET cardinal choices (and vice versa). Cardinal WWET choices were associated with higher
scores in utilitarianism, cognitive reflection, numeracy, and learning comprehension scores.
Plurality WWET choices were associated with higher levels of fairness/reciprocity and
conservatism, and lower levels of, authority/respect and harm/care (see Appendix E for complete
LDA results).

A series of one-way ANOVAs were conducted to test if each of the three WWET (Method 2)
scores and the individual difference measures differed by participants’ declared voting system
preference (Table 2). There were significant differences by declared voting system preference for
all three of the WWET choices. Participants who declared cardinal to be their preferred voting
system made WWET that were most in support of cardinal voting. However, both participants
who declared plurality and RCV to be their preferred voting system made WWET choices that
were mostly in favor of plurality.

With regards to the individual difference measures, there were significant differences for
three measures. Participants who declared cardinal and RCV to be their preferred voting system
had higher Cognitive Reflection Task scores than plurality. Participants who preferred plurality
voting had higher levels of Authority/Respect.

2.2.3.2 Predicting Choices in the WWET by Individual Difference Measures

We also examined how well the individual difference measures predicted choices in the Who
Won the Election Task. Three linear regression models were conducted to predict each of the
WWET choices separately (cardinal, plurality, & RCV choices) using the Method 1 scoring
system (Table 3). The individual difference measures explained 10.59% of the variance in the
extent to which participants’ WWET choices supported cardinal voting, 10.08% for plurality,

and 6.95% for RCV.
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Similar to the declared voting system preferences, higher CRT scores were associated with

making fewer plurality choices. Unlike for the declared voting system preferences, the WWET

choices were not predicted by Authority/Respect, and higher Purity/Sanctity scores were

associated with more RCV choices in the WWET.

Table 2. Mean (SD) of Measures by Declared Voting System Preference, and ANOVA Results

Declared Voting System Preference ANOVA
Measures Cardinal Plurality RCV F p
WWET Method 2 Scores
Cardinal .68 (.02) .66 (.02) 67 (.02) 18.95 <.001
Plurality .33 (.06) .39 (.05) 37 (.06) 16.19 <.001
RCV 31 (.10) 40 (.09) 37 (.10) 13.62 <.001
Individual Difference Measures
Authority/Respect 14.56 (5.05) 16.13 (5.12) 13.42 (5.39) 6.48 .002
Fairness/Reciprocity 21.84 (4.55) 22.38 (3.84) 22.82 (4.04) 1.29 276
Harm/Care 21.63 (4.58) 21.68 (4.19) 21.40 (4.38) 12 .884
In-group/Loyalty 13.48 (5.03) 14.27 (4.84) 12.63 (5.30) 2.55 .080
Purity/Sanctity 13.17 (5.42) 14.23 (5.25) 12.42 (5.76) 2.54 .080
Conservatism 3.06 (1.58) 3.08 (1.40) 2.89 (1.43) .55 576
Utilitarianism 3.82 (.65) 3.57 (.81) 3.64 (.82) 1.87 .156
Cognitive Reflection Test 1.52 (1.13) 1.00 (1.03) 1.40 (1.14) 4.30 014
Numeracy 4.61 (.88) 4.37 (.80) 4.49 (.85) 1.39 252

Note: WWET choices are using the method 2 scoring system (weighted).

Table 3. Three Regressions Predicting WWET Choices from Individual Difference

Measures
WWET Method 1 Scores
Cardinal Plurality RCV
Measures Jij p Yij p Yij p
Individual Difference Measures
Authority/Respect -01 119 .00 .183 00 779
Fairness/Reciprocity .00 .368 -01  .246 00 417
Harm/Care .00 .631 .00 .489 .00 .657
In-group/Loyalty 01 175 -01 129 .00 .277
Purity/Sanctity .00 227 00 .252 .00 .011*
Conservatism -01  .646 .01 515 .01  .348
Utilitarianism .00 .879 .01 719 .01 179
CRT .03 .069" -03 .035* .00 .657
Numeracy .03  .107 -03 .077" -01 .230

Note: T=p < .10, * =p < .05.

2.2.4 Comprehension and Declared Voting System Preferences

A 3x3 Factorial ANOVA was conducted to examine if participants’ comprehension of the
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voting systems differed for the three voting systems (within-subject) and across declared voting
system preferences (between-subjects); see Figure 5 for descriptive statistics. There were
significant differences in the comprehension of the three voting systems, F(2, 562) = 148.78, p <
.001, n2 = .22. Participants comprehended plurality better than the cardinal, t(283) = 12.37, p <
.001, d =.62, and RCV, t(283) = 16.49, p <.001, d = .98. Additionally, participants
comprehended cardinal better than RCV, t(283) = 7.68, p < .001, d = .46.

There was also a main effect of declared voting system preference, F(2, 281) =4.01, p =
.019, nZ = .01. Participants who preferred plurality voting had lower comprehension scores than
participants who preferred cardinal, t(132.47) = 2.58, p = .011, d = .46, and RCV 1(143.63) =
2.53, p =.013, d = .45. There was not a significant between participants who declared RCV vs.
cardinal voting the best, t(129.49) = .44, p = .660, d = .08.

Additionally, there was a significant interaction between a participant’s declared voting
system preference and their voting system comprehension, F(4, 562) = 2.38, p = .005, nZ = .01.
Comprehension scores for plurality and RCV did not differ much based on declared voting
system preference. In contrast, there were differences in comprehension of cardinal voting;
participants who declared cardinal to be the best system had the best comprehension and those
who declared plurality had the lowest. In sum, the main effect of declared voting system
preference appears to be mainly driven by the comprehension of cardinal voting.

In sum, plurality voting was the easiest for participants to comprehend, followed by cardinal,
and lastly RCV. Participants who declared cardinal voting the best had the highest
comprehension scores, followed by RCV and then plurality, and this finding was mainly driven

by the comprehension of cardinal voting.
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Figure 5. Comprehension scores for the three voting by preferred voting system. Note: For
studies in which the WWET was performed more than once, the first is shown (with the
exception of Study 2). Study 3 and 4 use the same Key.

2.3 Discussion

Our new WWET was designed to put participants in the position of deciding ‘who won the

election,” which requires participants to decide how to aggregate raw data to make a decision.

We scored their choices in the WWET by how much they support plurality, cardinal, and RCV.

We compared these choices to the participants’ declared voting system preferences.

Participants’ choices in the WWET supported plurality the most, but they declared to prefer

RCV the most. When the WWET choices were compared with the declared preferences,

participants who declared preferring cardinal made more WWET choices that supported cardinal

than the other voting systems. However, both participants who declared preferring plurality and

RCV made WWET choices that supported plurality more than the other voting systems.

This suggests that few participants spontaneously use a mental process akin to RCV, which
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involves redistributing votes for the least viable candidates, and they had the lowest
comprehension scores for RCV, even though it just requires one step beyond plurality. However,
this did not seem to stop participants from stating a preference for RCV.

We also found a number of individual difference measures that were associated with
participants” WWET choices and their declared voting system preferences. Preferring cardinal
voting (especially in comparison to plurality), in both the WWET and in declared preferences,
was associated with greater CRT scores and greater comprehension of the voting systems. These
results suggest that plurality voting is a cognitively simpler approach. Additionally, plurality-
consistent choices in the WWET were associated with higher levels of fairness/reciprocity and
lower levels of authority/respect, which went against our predictions. However, plurality-
consistent choices in the WWET were associated with lower harm/care and generally had a
poorer understanding of the voting systems, especially cardinal, as expected.

3.0 Study 2

One of the primary findings in Study 1 was that participants often had inconsistent voting
system preferences, depending on how they were asked. Specifically, participants’ revealed
preferences in the WWET task tended to favor plurality, but their declared preferences tended to
favor RCV. One reason for this inconsistency may be due to a poor understanding of how the
voting systems work. In some cases, a participant may even think they are making a decision
consistent with a given voting system in the WWET task, but instead their choice is consistent
with another voting system.

In Study 2 we added a more extensive teaching phase to see if participants’ preferences
become more consistent when they understand the voting systems better. It is unclear from Study

1 why a gap in voting system preferences emerged when they were measured in two different
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ways. One possibility is that our participants did not understand how to effectively implement
the alternative voting systems. It could even be the case that participants believed they were
making choices consistent with the voting system they declared as preferring but were mistaken.
One reason why it is so important that individuals understand how to implement a voting system
is so that they have trust in the eventual outcome. In Study 2, we also compared three teaching
interventions to test if they produce any differences in understanding and differences in declared
preferences.

There are countless different approaches that one could apply in teaching people about voting
systems; we tested three. The first approach we tested was retrieval practice, also known as the
testing effect, which involves having learners retrieve information from their memory in a testing
environment as a method to boost recall on subsequent tests (Adesope, Trevisan, &
Sundararajan, 2017; Rowland, 2014; Yang, Luo, Vadillo, Yu, & Shanks, 2021). Importantly, the
act of retrieving information itself is responsible for the increased ability to recall that
information in the future (Adesope, Trevisan, & Sundararajan, 2017; Rowland, 2014; Yang, Luo,
Vadillo, Yu, & Shanks, 2021). Furthermore, the learning benefits of retrieval practice can be
boosted by providing feedback on test questions (Rowland, 2014).

The benefits of retrieval practice are often compared to a re-study learning intervention, in
which a learner re-reads information instead of being prompted to recall the information. Meta-
analyses have found that retrieval practice typically outperforms re-study with medium-to-large
effect size differences (Adesope, Trevisan, & Sundararajan, 2017; Rowland, 2014; Yang, Luo,
Vadillo, Yu, & Shanks, 2021). Re-study will be our second teaching method, because 1) it is a
useful comparison group and 2) it is similar to stimuli that has been previously used by political

scientists to teach people about voting systems (e.g., Kimball, & Anthony, 2021). In our design,
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re-study will provide evidence as to whether it is enough to simply remind people with short
text-descriptions of how each voting system works.

The third approach is discovery learning. Discovery learning is very similar to inquiry-based
learning and we use the term discovery learning to refer to both. In discovery learning, there is
““a strong emphasis placed on the learner as an active agent in the process of knowledge
acquisition” (de Jong & van Joolingen, 1998, p. 179). Discovery learning creates opportunities
for target experiences where learners discover causal relations through problem-solving in a
manner similar to a scientist (Pedaste et al., 2015; Svinicki, 1998).

Given the emphasis on learning the mechanisms behind phenomena both in science and in
our materials teaching different voting systems, we believe that discovery learning may be an
effective approach for learning how voting systems work. Although discovery learning has been
especially popular in science domains, it has also been found to be beneficial for learning
mathematics (Kamaluddin & Widjajanti, 2019). Given that voting systems operate under logical
and mathematical principles, this provides additional support for the idea that discovery learning
may be an especially beneficial teaching strategy for voting systems.

We had two main predictions. First, we predict that retrieval practice will lead to the greatest
increase in comprehension about voting systems. As previously mentioned, retrieval practice has
been robustly demonstrated as an effective teaching intervention. By focusing the testing items
on implementing the mechanism behind each voting system, we believe this condition should be
especially effective at increasing comprehension. Second, past research has found that teacher-
lead learning activities lead to greater student knowledge, but that student-lead activities lead to
greater student belief change (Alexander et al., 2002). We predicted that our discovery learning

intervention will lead to greater change in participants’ preferences than the other interventions
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that are less self-directed; individuals may be more persuaded by information that is not provided
by an authority figure and rather learned through a peer or self-discovery.

Beyond adding the teaching interventions, we also sought to understand how metacognition
may relate comprehension of the voting systems. Metacognition is an individual’s knowledge
about their own thinking or one’s “knowledge and cognition about cognitive phenomena”
(Flavell, 1979). In Study 2, we did not have specific a priori predictions related to
metacognition. However, given the poor understanding of RCV in Study 1, coupled with the fact
that most participants declared a preference for RCV, we wanted to investigate the role
metacognition may be playing.

3.1 Method
3.1.1 Participants

We recruited 400 participants through the University of Pittsburgh’s introduction to
psychology subject pool.

3.1.2 Design, Procedures, and Measures

The design of Study 2 was similar to Study 1 with the following two key differences. First,
participants were randomly assigned to one of four teaching interventions (retrieval practice, re-
study, discovery, and a control condition). Second, the WWET, comprehension guestions, and
declared voting system preferences were measured twice, once before and once after the teaching
intervention. Figure 1 provides a summary of the procedural flow for Study 2. Appendices B1-
B3 present the full details of the introduction, questions related to whether individuals can
effectively read the graphs, and WWET. The differences compared to Study 1 are described

below.
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3.1.2.1 Who Won the Election Task.

Several important changes were made to the WWET. The most important change was to the
dependent measure. In Study 1, participants answered a forced-choice question about which
candidate should be hired. This single choice of question matches the format of ballots for
plurality voting systems, which may have been viewed as an endorsement of plurality voting. To
reduce this potential bias, participants answered three questions, which used formats similar to
the ballots used for the three types of voting systems. First in alignment with plurality voting,
participants answered “Based on the above graph, which job candidate do you think should be
hired?” Second, in alignment with RCV, participants were asked to “Rank order the candidates
based on who you think should be hired.” Third, in alignment with cardinality voting,
participants were asked to “Rate the candidates based on who should be hired. (100=most fair to
hire; O=least fair to hire).” For simplicity, if participants’ top choice agreed across all three
questions, or across two out of three questions, that choice was coded as the winner. If all three
questions diverged, or if the plurality and RCV ballot diverged and the cardinal ballot was tied,
the participant’s response was omitted for that item.

Two other smaller changes were made to the stimuli. In Study 1, the stimuli displayed
‘Leadership’ and ‘Technical’ as opposite anchors on a single dimension, but they are not
necessarily opposites; a candidate could be high on both qualities. In Study 2, we changed the
anchors to “Specialist” and “Generalist” with no middle label (Figure 6). Additionally, because
the WWET was completed at two time points in Study 2, a second mirrored version of the

stimuli with different candidate labels was created.
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Technical Balanced Leadership Specialist Generalist

Job Candidate Skills Job Candidate Skill Set
Figure 6. Stimuli change in the “Who Won the Election Task.” Note: The X-axis labels were the

primary alteration.

3.1.2.2 Voting System Introduction.

This section of the survey was near-identical to Study 1, the only change being that the
ratings were answered on a 0-100 scale in Study 2 (instead of a 1-5 scale in Study 1). This was
changed so that all cardinal ballot style questions used a similar number range (Appendix B4).
However, these data are not analyzed for reasons discussed in Study 1.

3.1.2.3 Voting System Comprehension.

The voting system comprehension check was almost identical to that of Study 1 (see
Appendix B5 for complete details). A fourth graph was added to increase measurement
sensitivity; thus, the possible correct score in Study 2 is 12 (instead of 9 in Study 1). For the
second round of answering the comprehension question, a mirrored version was created.

3.1.2.4 Declared Voting System Preferences

Similar to the change to the WWET dependent measure, participants answered three
questions (see Appendix B6 for complete details). First, in alignment with plurality voting,
participants answered “Which of the three voting systems below do you think is most fair?”
Second, in alignment with RCV, participants were asked to “Order the voting systems below
(drag and drop list items), from most fair (top) to least fair (bottom).” Third, in alignment with
cardinality voting, participants were asked to “Rate the voting systems below, from very fair
(100) to not very fair (0).” Declared voting system preferences were measured after both of the

comprehension question blocks.
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3.1.2.5 Teaching Intervention

Participants were randomly assigned to one of three teaching interventions (retrieval practice,
re-study, or discovery learning), or a control condition which did not involve any additional
teaching (see Appendix B7 for complete teaching intervention details). We first discuss the core
similarity of the three teaching interventions before explaining how they differed.

In all three teaching conditions, participants learned about an undesirable aspect of each of
the three voting systems—we call these undesirable aspects ‘quirks’ of the voting systems. The
two goals of teaching about quirks were to encourage participants to think about what is a fair
aggregation processes and to highlight the mechanism of how each system operates. These
quirks are well-known phenomena in the literature on voting systems that arise due to the
mathematics of the voting systems. We did not include any quirks that arise with strategic voting
in which participants vote for candidates in a way that deviates from their true preferences.
(Insincere or strategic voting complicates the costs and benefits of each voting system more than
we felt could address in these initial studies, but is an important topic for future research into
voting system preferences.) The presentation order of the three quirks was randomized.

The first quirk was the “center squeeze phenomenon” which is a weakness of ranked-choice
and plurality voting. In the center squeeze phenomenon moderate candidates can lose to extreme
candidates because they are “squeezed” by candidates on either side of them taking away voters.
The second quirk was the “majority criterion violation,” which is a quirk of cardinal voting. In
this quirk, the winning candidate according to cardinal voting is not the first choice of a majority
of voters according to plurality or RCV. The third quirk was the “spoiler effect,” which plurality
voting is especially susceptible to. The spoiler effect is when the presence of an unpopular third

candidate can change who wins. The spoiler effect is likely the most famous voting quirk with
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the public.
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On the next few pages you will be walked through a specific voting example called the “Center
Squeeze Phenomenon,” which shows how ranked-choice voting can hurt moderate or “middle-of-the-
road” candidates.

[The re-study and retrieval practice interventions occurred here.

e For re-study, participants were briefly reminded how each voting system works.

e For retrieval practice, it said*...but first we will ask you to determine the results of an election
using different voting systems....” Participants were shown the figure below, and asked who
won according to each voting system.

Then, in all conditions participants were shown the following graphs and told who won according to
each voting system.]

A B C
Candidates

I I |
Hiring Committee ”” ”ll ||” ” | | ” ”

Preferences

Specialist Generalist

Job Candidate Skill Set

Who wins according to plurality and ranked-choice voting?
o 8 voters have candidate A as their favorite (8/21 voters or 38%). Therefore, A wins according
to plurality.
e 6 voters have candidate B as their favorite (6/21 voters or 29%), and
o 7 voters have candidate C as their favorite (7/21 voters or 33%). C wins according to ranked-
choice voting, because we would eliminate B, since no candidate has over 50%, giving C 12 of

the 21 votes (57%).
A X Eliminated C
Candidates | | |
Hiring Committee ”” ” | | | ”l ” | | ” ”
Preferences
T T T
Specialist Generalist

Job Candidate Skill Set

Who wins according to cardinal voting?
e Candidate A is the furthest from the voters with an average distance of 74.4,
e Candidate B is the closest to the voters with an average distance of 57.6. Therefore, B wins
according to cardinal voting.
e Candidate C is the second closest to the voters with an average distance of 73.1.

[The Discovery Learning Intervention Occurred Here]

Why is this "*center squeeze' example problematic for ranked-choice and plurality voting?

In this "center squeeze" example, there is a fairly good middle-of-the-road candidate, but ranked-choice
and plurality voting instead choose extreme candidates. Think about it this way - imagine that the
voters were the same but instead of having three candidates there were only two. If this was just an
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election with A vs B, B would win. If this was just an election of B vs C, B would win. If there was an
election of A vs C, C would win. So in the head-to-head comparisons B wins two of the three elections.

Figure 7. Summary of the Teaching Interventions for the Center Squeeze Phenomenon in Study
2. Note: Text in black was shown to all participants. Text in grey explains how the three teaching
interventions were integrated into the explanation of the quirk.

Figure 7 provides an example of how the center squeeze quirk is explained, and how the
three interventions were added to the main text. In the re-study condition, participants were
provided text descriptions of how each of the three voting systems works prior to learning about
each of the three quirks. The reminders were the same as those provided before the
comprehension questions. For example, cardinal voting was explained as “Cardinal voting
focuses on the distances between each candidate and the voters. The candidate that is closest on
average to the voters wins.”

In the retrieval practice condition, before learning about each of the three quirks, participants
were given three test questions in a random order, giving them practice identifying which
candidate won the election according to each voting system, and they were given feedback
afterwards. The stimuli were the same as those used later to explain the quirk, so the retrieval
practice not only gave them practice implementing the voting systems but also reinforced the
idea that different voting systems can lead to different winners, and participants might think
about why this is the case.

In the discovery learning condition, while learning about each quirk, participants interacted
with a JavaScript applet that allowed them to change the data in the graphs to see how changes in
the voters or the candidates would affect the outcomes according to each voting system. The
graphs in the applets matched the graphs used in the rest of the teaching intervention. The goal of
the applet was to help participant understand how each voting system worked and the quirks

behind each voting system. To facilitate self-directed learning, participants were given short-
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answer questions meant to guide their “discoveries.” The text at the bottom of Figure 7 explains
why the example is problematic occurred on the next page after the discovery learning, and
ideally participants in the discovery learning condition already figured out the answer on their
own.

The applet differed for each quirk (Figure 8). The applet for the center squeeze example
could show or hide one of the candidates, which allowed for pairwise comparisons to be made
(i.e., what if there were only two instead of three candidates?). When a candidate is removed the
hiring committee member preferences are re-colored by which (present) candidate they are
closest to. In this example, Candidate B wins out in pairwise comparisons. However, neither
plurality nor RCV would choose B as the winner, only cardinal voting would. Participants were
given two prompts to answer to help them discover this quirk: 1) “One way to assess the strength
of competing candidate is to examine the outcomes from head-to-head matchups (i.e., limiting
the options to two candidates, in a 1 vs. 1 competition). Using the interactive graph above,
examine the different 1 vs. 1 comparisons. Are these comparisons useful? And if so, what do
they reveal about problems with ranked-choice and plurality voting?” and 2) “The name center
sgqueeze phenomenon refers to conditions where middle-of-the-road candidates are
disadvantaged in ranked-choice voting (by middle, we mean candidates somewhere between two
other candidates). What conditions do you think leads to middle candidates being disadvantaged

in ranked-choice voting?”
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A) Center Squeeze Phenomenon B) Majority Criterion Violation

A B C 0 & i
¢ ' Viring Commitss | TTTTTT T T T
Hiring Committee | | [T TTTT T I Preferences
relerences T T T
T T - Specialist Generalist
Specialist Generalist Job Candidate Skill Set
Job Candidate Skill Set ®
Change candid in the election: _
Candidates Avg. Distance Score
Avs B only A 84.9
B vs C only B 706
Cc 75.4

Avs C only

Note: A lower average distance score is better.

C) Spoiler Effect

A B C

Hiring Committes TTTTTT FTT 1T T 711
Preferences

Specialist Generalist

Job Candidate Skill Set

Include a third candidate in the -

election:
No

Figure 8. Screenshots of applet for “center squeeze phenomenon” (A), “majority criterion
violation” (B), and “spoiler effect” (C).

The majority criterion violation tool had a slider that moved Candidate B’s position when the
slider was moved left or right. At the far-left position, B’s average score is 79.8 and at the far
right it is 70.3. This tool demonstrates that the best candidate position for cardinal voting (lowest
average distance between each candidate and the voters) is near the median voter. This is
problematic because cardinal voting can choose a candidate even in situations in which very few
voters like the candidate (e.g., Figure 8b). The questions posed to participants were “B wins
according to cardinal. Do you see any problems with that outcome?”” and “Move around the
slider and see how it affects the average distance score for candidate B. What position on the
slider is best for candidate B (i.e., has the lowest score) and what does that tell us about cardinal
voting?”

The spoiler effect tool was similar to the one used in the center squeeze example, but instead
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of allowing participants to show or hide each candidate, only one third ‘spoiler’ candidate could
be shown or hidden (Candidate C in Figure 8c). In the figure, even though Candidate B would
win when pitted against A, when the spoiler C is added, A wins according to plurality voting.
This reveals a weakness of plurality voting: that elections can be dramatically affected by spoiler
candidates who win only a small number of votes. The changing states highlight the fact that
very few voters (in this case, just two) can change the outcome of the election just by voting for
their first or second favorite candidate. The participants were asked the question “What is one
possible consequence of adding a candidate to an election using a plurality voting system?”

3.1.2.6 Voting System Metacognition

Participants were asked to self-assess their understanding of the different voting systems on a
0-100 rating scale.

3.1.2.7 Political orientation and demographic questions

Participants did not complete the same individual difference measures as in Study 1. Instead,
most individual difference measures were dropped and only the political orientation and
demographic questions were asked before participants were debriefed and thanked for their
participation.

3.2 Results

3.2.1 Participants

We removed 13 participants who completed the study on their phones instead of a computer,
as requested, because some parts of the survey were not mobile compatible. Additionally, 67
participants were removed because they did not correctly answer the questions ensuring they

could read the graphs. In all, 321 participants submitted valid data for analysis.
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3.2.2 Validity Check and Ballot Agreement

For three of the WWET items, there was a candidate who lost according to all three voting
systems. As a measure of attention and comprehension of the figures, we examined how often
the “loser” candidates were selected. Participants selected the loser 9.76% of the time at Time 1
and 7.89% at Time 2. Like in Study 1, the majority of the loser candidate choices came from
item 5 (Time 1: 93%; Time 2: 92%). The low rates of choosing the ‘loser’ candidates suggests
that participants took the task seriously and understood the stimuli.

Participants completed three ballots for all items in the WWET as well as for their declared
voting system preferences. The participants’ choices perfectly matched across all three ballots
the vast majority of the time (WWET Time 1: 93%; WWET Time 2: 94%; Declared Time 1:
93%; Declared Time 2: 94%). When the three ballots did not match, then typically two did. In
less than .5% of cases did all three choices diverge, so few choices had to be removed from
analysis. This agreement again means that participants took the task seriously and also that the
ballots did not dramatically change their declared preferences.

3.2.3 Voting System Choices

3.2.3.1 WWET Choices

Descriptive statistics for both WWET choices and declared voting system preferences for all
studies can be seen in Figure 3. Similar to Study 1, at both time points (before and after the
teaching intervention), participants chose the plurality option most frequently, then cardinal, and
then RCV.

3.2.3.2 Declared Voting System Preferences

A chi-square goodness of fit analysis found that participants’ preferences, assessed with the

forced-choice measure, were not equal for the three voting systems, x?(2) = 39.98, p < .001. Like
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Study 1, participants most commonly declared a preference for RCV, followed by plurality and
then lastly cardinal voting, at both Time 1 and 2 (Figure 3).

We had hypothesized that discovery learning may lead to the greatest change in declared
voting system preferences. To test this, we ran a 4 (teaching interventions; between subjects) x 3
(voting systems; within subjects) ANOVA on the absolute value of the change in participants’
fairness ratings from before versus after the intervention (Figure 9, Table G1 and Table G2).
This analysis used the 0-100 fairness rating scale. There was a significant main effect of
intervention, F(3, 317) = 4.94, p = .002, nZ =.021. The control condition had less change in
fairness ratings than discovery learning, t(149.62) = 4.07, p <.001, d = .67, retrieval practice,
t(165.99) = 2.59, p =.011, d =.39, and re-study, t(141.86) = 2.51, p =.013, d = .40. There were
no significant differences among the three teaching interventions. There was not a main effect of
voting system, F(2, 634) = 1.76, p = .173, nZ=.003 nor was a significant interaction, F(6, 634) =
1.21, p =.302, n2=.006. In sum, all three teaching interventions led to more preference change
than the control condition, and though the discovery learning condition did have the largest

effect size, it was not significantly larger than the other interventions.
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Figure 9. Belief Change in Fairness Ratings Across Teaching Intervention (left panel) & Mean
(95% CI) Change in Comprehension Scores by Teaching Intervention in Study 2 (right panel).
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3.2.3.3 Choice Consistency

In Study 2, there are two aspects with regards to the consistency of the choices in the WWET
and the declared voting system preferences. First, to what extent are they consistent, both before
and after the teaching intervention? Second, it would be desirable for any teaching intervention
to increase the consistency between declared and revealed (WWET) voting system preferences.
Thus, we examined changes in consistency before versus after the teaching intervention. Figure
4 shows these results for both Time Point 1 and 2.

The choices in the WWET were able to predict participants’ voting system preferences for
41.90% of participants at Time 1 and 47.50% at Time 2. The degree of consistency at Time 1
was very similar to that in Study 1, and there appears to be an increase of consistency due to the
intervention.® Seventy-three percent of participants declared having the same favorite voting
system at both time points, implying that, though there is a fair degree of consistency, there also
was some change.

The hit rate for plurality choices was 59.80%, z = 5.76, p <.001 at Time 1 and 61.32%, z =
6.20, p <.001 at Time 2. The hit rate for cardinal choices was 49.21%, z = 2.74, p < .01 at Time
1, and 62.32%, z = 5.18, p <.001 at Time 2. The hit rate for RCV choices was 27.10%, z = -1.56,
p=.119 at Time 1, and 30.34%, z = -.68, p = .497 at Time 2. In sum, similar to Study 1, people
who used plurality and cardinal voting in the WWET tended to declare plurality or cardinal
voting, respectively, as their preference. However, the participants’ choices in the WWET were
not predictive of who declared RCV as the fairest.

3.2.4 Comprehension and Declared Voting System Preferences
See Figure 5 for results prior to the teaching intervention and for results after the

intervention. Similar to Study 1, ANOVAs found that there were significant differences in the

5 Unfortunately, we are unaware of a way to statistically compare these two.
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comprehension of the three voting systems at Time 1 F(2, 634) = 269.71, p < .001, n2 = .335,
and Time 2 F(2, 634) = 236.63, p < .001, nZ = .279. Participants understood plurality better than
cardinal at both Time 1, t(320) = 14.78, p <.001, d = 1.06, and Time 2, t(320) = 10.40, p <.001,
d =.71, and they understood plurality better than RCV at Time 1, t(320) = 25.80, p <.001, d =
2.11, and at Time 2, t(320) = 23.83, p < .001, d = 1.76. Additionally, participants understood
cardinal better than RCV at Time 1, t(320) = 9.31, p <.001, d = .67, and Time 2, t(320) = 11.76,
p<.001,d=.79.

There was also a main effect of declared voting system preference on comprehension at both
Time 1, F(2, 317) = 4.36, p = .014, n% = .011, and Time 2 F(2, 317) = 2.82, p = .061, n2 = .009,
though the effect sizes were small. Participants who preferred plurality voting had lower
comprehension scores than participants who preferred cardinal at Time 1, t(126.68) = 2.77, p =
.007,d =.51, and Time 2, t(153.86) = 2.30, p = .023, d = .40. Participants who preferred plurality
also had lower comprehension scores than those who preferred RCV at Time 1, t(224.86) = 2.31,
p=.022,d=.27,and Time 2, t(214.57) = 1.56, p =.121, d = .19. There were not significant
differences between participants who preferred RCV and cardinal voting at Time 1, t(116.09) =
99, p=.326,d=.12, or Time 2, 1(133.34) = 1.09, p =.279, d = .14.

Similar to Study 1, at Time 1 there was an interaction between a participant’s declared voting
system preference and voting system on their comprehension, F(4, 634) = 2.75, p = .027, n2 =
.010. Comprehension scores for plurality and RCV did not differ much based on declared voting
system preference. In contrast, there were differences in comprehension of cardinal voting;
participants who declared cardinal to be the best system had the best comprehension and those
who declared plurality had the lowest. There was not a significant interaction at Time 2, F(4,

634) = 1.61, p = .170, nZ = .005.
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In summary, similar to Study 1, participants understood plurality voting the best overall, and
participants who preferred plurality voting understood the voting systems the worst overall. The
biggest difference in comprehension was for cardinal voting; participants who preferred plurality
understood cardinal voting the worst.

3.2.5 The Impact of Teaching Interventions on Comprehension

To examine learning due to the teaching interventions, we subtracted the comprehension
scores of Time 1 from Time 2 (Table F1, Table F2). We ran a 4 (teaching intervention, between
subjects) x 3 (voting system, within subject) ANOVA on the change in comprehension scores.
We predicted that the retrieval practice teaching intervention would lead to greatest amount of
learning, followed by discovery learning, and then re-study, with the control condition having the
least learning.

There was a main effect of voting system on improvement in learning scores, F(2, 634) =
12.39, p <.001, n2 = .024 (Figure 5). The improvement in comprehension was larger for
cardinal voting than RCV, t(320) = 2.03, p = .043, d = .15, and plurality, t(320) = 5.06, p <.001,
d =.38. Additionally, the improvement in comprehension was larger for RCV than plurality,
t(320) = 3.00, p =.003, d = .24.

There was also a main effect of teaching intervention, F(3, 317) = 5.38, p < .01, nZ =.019,
(Figure 9). As expected, the control condition did not exhibit any improvement in learning t(79)
=.75, p =.458. As expected, retrieval practice produced the largest learning gains numerically,
and was significantly better than control, t(164.67) = 3.80, p <.001, d = .57, but only marginally
better than discovery learning, t(160.99) = 1.92, p = .056, d = .31, and re-study, t(159.44) = 1.85,
p =.066, d =.28. The discovery learning and re-study conditions did not significantly differ,

t(146.26) = .22, p =.830, d = .04. The re-study intervention significantly outperformed the
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control condition t(154.96) = 2.28, p = .024, d = .37, whereas the discovery learning only
marginally outperformed the control, t(151.51) = 1.90, p = .060, d = .31.%
3.2.6 Voting System Metacognition

Participants self-assessed their understanding of the three voting at the end of the study. We
conducted a 3 (voting systems, within-subjects) x 4 (teaching intervention; between-subjects)
ANOVA on their judgment of knowledge ratings. There was a significant main effect of voting
system, F(2, 634) = 120.58, p < .001, n2 = .133 (Table 4). Participants felt that they understood
plurality voting better than RCV, t(320) = 9.08, p <.001, d = .51, and cardinal, t(320) = 14.17, p
<.001, d = .94, and they felt that they understood RCV better than cardinal, t(320) = 7.68, p <
.001, d = .47. Indeed, they did understand plurality the best, but they understood cardinal better
than RCV, not the reverse (Figure 5). The judgment of knowledge ratings did not differ by
teaching intervention, F(3, 317) = .15, p = .093, nZ = .001, nor was there an interaction between

the teaching interventions and voting system, F(6 ,634) = .57, p < .075, nZ = .002.

Table 4. Metacognition judgment of knowledge ratings across voting systems

Voting System

Study Condition Cardinal Plurality RCV
2 - 61.87 (28.61) 85.62 (21.70) 74.16 (23.61)
3 Raw+Summary Data 74.50 (24.10) 81.20 (24.50) 74.70 (24.60)
Raw Data Only 80.20 (22.00) 85.20 (23.30) 73.70 (27.20)
4 Raw+Summary Data 79.30 (23.50) 88.10 (21.90) 77.50 (23.50)
Raw Data Only 75.00 (26.50) 78.60 (26.90) 75.80 (23.30)
Summary Data Only 77.90 (25.60) 84.10 (24.60) 76.90 (28.90)

Note: values are means (std. dev.).

The above results examine differences in metacognition across voting systems and

® There was a marginal interaction between the learning intervention conditions and the
voting system, F(6, 634) = 1.88, p =.083, n2 = .011; the most learning occurred in the three
teaching interventions conditions (not control), and especially for cardinal and RCV, not
plurality which was already near ceiling at Time 1.
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conditions, where self-assessments are examined at the aggregate level. Because metacognition
is primarily related to how well an individual is assessing their own knowledge, the relationship
between judgment of knowledge ratings and comprehension scores for specific voting systems is
worth analyzing. A scatterplot showing the relationship between judgment of knowledge ratings
and comprehension scores for Studies 2-4 can be seen in Appendix I. An important finding
emerges from examining this relationship in Study 2. Although participants on average gave a
higher judgment of knowledge rating for plurality, participants with the lowest RCV
comprehension scores actually tended to give judgment of knowledge ratings that were higher
for RCV than plurality. This provides evidence that those with the poorest understanding of RCV
may have the largest gap in accurately assessing their own knowledge, or stated more simply—
they are overconfident.

3.3 Discussion

We found a similar pattern of preferences before the teaching intervention as in Study 1.
Participants’ choices in the WWET favored plurality candidates; however, participants declared
that they preferred RCV the most. After the teaching interventions, these patterns persisted,
though we found evidence of somewhat greater consistency between revealed and declared
preferences, though these patterns persisted.

We also found a similar relationship between voting system understanding and preferences in
Study 2 as in Study 1. Participants who preferred alternative voting systems (cardinal, RCV)
were more likely to have a better understanding of them at Time 1. However, this relationship
became weaker after the teaching intervention.

In line with our hypotheses, retrieval practice showed the most potential for improving

understanding of the voting systems, and discovery learning intervention showed the most
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potential to change participants’ declared preferences. However, the differences between the
three interventions were marginal or non-significant. All three interventions produced
significantly or marginally more learning than the control condition, and all three produced
significantly more change in declared preferences than control condition.

We also found evidence of poor resolution in judgments of knowledge; participants self-
assessed themselves as having a better understanding of RCV than cardinal voting, but
participants actually understood cardinal voting better than RCV. Additionally, participants who
performed the worst on the RCV comprehension tests actually believed they better understood
RCV than plurality voting. This provides more evidence that participants’ declared preferences
are not well aligned with other voting system measures (preferences revelated in the WWET,
understanding, and now metacognition).

4.0 Study 3

So far, we relied on the graphical format heavily to assess participants’ preferences about
voting systems. This format was used extensively for the WWET, but we also used the graphs
when explaining the voting systems to participants and asking about their declared voting
preferences. These graphs could be viewed as a limitation, or at least an idiosyncrasy of Studies
1 and 2. The main goal of Study 3 is to address some potential concerns about these graphs.

One concern is that our participants may have had difficulty understanding the graphs, or
even if the graphs were understandable they may lead people to think about voting in a different
way than they normally do since voting data is not typically presented in such graphs. Relatedly,
the graphs in Studies 1 and 2 assume that there is just a single dimension on which all candidates
and voters’ preferences can be described; many real-world group decision making situations are

likely more complex. In sum, testing an alternative presentation seems warranted to help provide

51



convergent evidence of the findings in Studies 1 and 2. To address this concern, in Study 3, we
presented participants with the same voting data from Studies 1 and 2 but in a tabular format.
This tabular format also ameliorates the single-dimension issue; in the tabular format candidates
are rated as higher or lower by voters, and this rating could represent the favorability of a
candidate to a voter aggregated across multiple dimensions. Educational materials about voting
on the internet also heavily skew towards using a tabular format (e.g., FairVote, 2022; The
Center for Election Science, 2021), which may increase the ecological validity of our results.

A second concern with the graphs in Studies 1 and 2 is that participants had to aggregate the
data in the graphs to come to a decision. In some real-world situations, such as making a group
decision amongst friends and colleagues one would have to aggregate the votes, but in other
situations, such as political elections only the people running the election need to do the
aggregation. Therefore, it is important to understand users’ views about fairness in both
situations: when they need to do the aggregation and when they do not.

Aggregation requires different amounts of effort for different voting systems, and the need to
implement the aggregation may affect views about fairness differently for different voting
systems. For plurality, aggregating involves tallying up how many voters are closest to each
candidate, which takes some but not all that much effort. For RCV, aggregating means first
doing what is involved for plurality, then deciding whether the instant runoff needs to be enacted
(if no candidate has received more than 50% of the vote), and then doing the tally again for the
remaining two candidates. Prior to learning about RCV, the idea of doing an instant runoff likely
did not occur to the participants, and even after learning about RCV, they may not have realized
the situations in which it is necessary or did not feel the motivation to carry it out. For cardinal

voting, aggregating means finding the average position of the voters, and then finding which
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candidate is closest to the average position, or equivalently, getting a sense of how far away on
average the voters are from each candidate. There is considerable research showing that people’s
visual system can quickly extract summary properties such the centroid of a set of dots in a
cluster (e.g., Morgan & Glennerster, 1991; see also Alvarez, 2011; Szafir et al., 2016, for
reviews), so perhaps the task is not very hard. But on the other hand, the distributions in the
graphs were often bimodal or trimodal, and sometimes the average distances for two candidates
were not all that different, so doing the aggregation from the visual stimuli in Experiments 1 and
2 may not have been very easy.

It is possible that participants wanted to implement RCV or cardinal voting, but that they felt
like it was too hard from the graphs. Perhaps if the aggregation is provided to participants, they
may make different choices in the WWET, and if cardinal voting feels easier, perhaps
participants will like it more in their declared preferences. In Study 3, half of the participants
were randomized to a condition that displays summary information in addition to raw data. We
predicted that if participants have access to the summary information, they will be more likely to
use cardinal voting or potentially RCV in the WWET. Additionally, we predicted that the
summary may lead participants to view cardinality as fairer. Without the summary participants
need to intuitively estimate the averages, which is likely to feel imprecise and therefore unfair,
but with the averages given to them it is likely to feel very precise. Furthermore, the participants
may view cardinal voting as better able to take into account the voters’ preferences because it
uses a fine-grained measure of preferences, whereas RCV and plurality use more coarse-grained
ordinal and categorical measurement scales. In sum, with the summary, people may prefer
cardinal voting, and there may be more agreement between their decisions in the WWET task

and their declared voting preferences.
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A third concern with the graphs in Studies 1 and 2 is that they do not make the different
voting systems very obvious. This could be viewed this as an advantage; the graphs do not make
the three voting systems obvious, so if a participant spontaneously tends to use one system
presumably this is because that voting system feels natural to them. One concern, though, is that
perhaps the graphs may lead people to choose certain voting systems that they would not use in
other circumstances without graphs. Another way to get around this issue is to present
participants with the three voting systems and let them decide which one to use. This was the
strategy we used in Study 3.

Having the voting systems summarized in tables may also influence perceptions of how easy
the voting systems are to implement as a result of greater fluency. We predict that participants’
judgment of knowledge ratings for voting systems will be greater in the condition where
summary tables are present versus when they are absent.

4.1 Method
4.1.1 Participants

We recruited 200 participants through the University of Pittsburgh’s introduction to
psychology subject pool.

4.1.2 Design, Procedures, and Measures

Participants were randomized to one of two conditions, raw data only, or raw plus summary
data. These differences in the stimuli appeared throughout many blocks of the study (WWET,
voting system comprehension tests, teaching intervention). Figure 10 provides a summary of the
procedural flow for Study 3. For concision, there are some tasks that we did not analyze here and

therefore do not explain in the methods section or in Figure 10.”

7 After the voting system comprehension test, participants answered the declared voting system questions again, then
learned about the quirks of the voting systems using the material common to all three teaching interventions in
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Study 3 Procedure Study 4 Procedure

Who Won the Election Task (randomized) Who Won the Election Task (randomized)
Raw+Summary Data ‘ Raw Data Only Raw+Summary Data | Raw Data Only ‘ Summary Data Only
v v v ¥ v
| Voting system introduction | ‘ Voting system introduction ‘
¥ ¥
| Declared voting system preferences - 1st time | ‘ Declared voting system preferences - 1st time ‘
| Voting system comprehension test | ‘ Voting system comprehension test ‘
| Voting system meta-cognition ratings | ‘ Voting system meta-cognition ratings ‘

Figure 10. Overview of Procedures for Studies 3 and 4. Note: Blocks that were not analyzed
were omitted from this figure.

4.1.2.1 Who Won the Election Task

Leading into the WWET, participants received an introduction to reading the tables
(Appendix C1) and were asked 9 questions to verify that they were paying attention and
understood how to read the tables.

The Who Won the Election Task worked similarly to the previous two studies, except
participants were presented with election results information in a table like the one in Figure 11
instead of the graph used in Studies 1 and 2 (Appendix C3). Participants in the Raw+Summary
condition saw tables just like Figure 11, which showed each individual voter’s choices at the top
of the screen as well as summaries of all the voters at the bottom; participants in the ‘Raw Data
Only’ condition only saw the top half. One important aspect of these stimuli is that they show the
voters’ choices as if the voters had filled out three separate ‘ballots’ — one in which they chose
their top candidate, one in which they ranked the candidates, and one in which they rated each
candidate on a scale of 0-100. So, in essence, the WWET is measuring which of these three

ballots participants use to decide which candidate won the election.

Study 2 (Appendix C7), followed by the declared voting system preferences a third time. The judgment of
knowledge ratings occurred afterwards. At the end of the study, participants were asked five additional questions to
understand other factors that could contribute to their preferences for different voting systems, such as prior
familiarity with the voting systems, and which voting system they perceived would be best for their preferred
political party (Appendix C8). These questions were not analyzed in the current report.
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The data presented in the tables like in Figure 11 were derived directly from the graphs in
Studies 1 and 2 (e.g., compare Figure 11 with Figure 2). The ratings for each pair of candidates
and voters in the “Rate All Candidates” column were derived from first computing the distances
between each candidate and voter in the stimuli in Studies 1 and 2, and then linearly rescaling the
distance score so that the largest distance was converted into a score of 0, the ‘worst’ rating from
a voter, and the smallest distance was converted into a score of 100, the ‘best’ rating from a
voter. The other two columns were derived from the ratings; thus, the voters’ preferences were
consistent across all three ballots (e.g., in Figure 11, Voter 1 chose K for ‘pick one’, ranked K
the highest, and rated K the highest. Despite the fact that a given voter is consistent across all
three ballots, the aggregated decisions for the three voting systems can diverge.

One important aspect of the summary tables is that they clearly show the winner for plurality
and cardinal, as these just involve the sums or averages of the scores. The Rankings Summary in
Figure 11 shows how the outcomes for RCV were displayed; it shows the number of voters who
selected each of the 6 ranks of candidates. Note that unlike the Pick One Summary for plurality
and Ratings Summary for cardinal, the participants still need to decide how to convert this
summary into a choice of which candidate won. The reason why we did not clearly show who
won in the Rankings Summary is that this would have required explaining rank-choice voting
and the instant run-off rule as part of the WWET. In Studies 1 and 2, the three voting systems
(including rank-choice voting and the instant run-off logic) were explained after the WWET
leading into the declared voting system preferences; participants need to know the names of the
three voting systems and how they work to rate them on fairness. So, for consistency with the
prior studies, we thought that it made the most sense to let participants decide who won in the

WWET and then introduced the instant run-off logic leading into the declared voting system
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preferences. (In Study 4, we took the opposite approach.)

With regards to the dependent measures, in addition to answering the three questions for each
item like in Study 2 about who should win (rate the three candidates, rate them, and choose one),
participants also answered a fourth question which asked “Which table did you primarily use to

make your decisions?”

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| N L | W
1 L 1 LI{W|N 1 44 | 94 | 69
2 L 2 LI{W|N 2 53 | 84 | 60
3 W 3 W/|L|N 3 3 66 | 90
4 N 4 N| LW 4 91 | 47 | 23
5 W 5 W/| L|N 5 0 63 | 87
6 N 6 N| LW 6 91 | 28 4
7 w 7 |[W|L|N 7 21| 83| 93
8 N 8 N|L|W 8 94 | 44 | 19
9 N 9 N|L|W 9 |100| 38 | 13
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
N 4 (44.4%) 1st|2nd|3rd| Votes (%) N L w
w 3(33.3%) N | L|W| 4(44.4%) | Avg. Score | 55.2 | 60.8 | 50.9
L 2 (22.2%) W/| L |[N| 3(33.3%)
LIW|N| 2(222%)
L|IN|W| 0 (0.0%)
N|W|L| 0 (0.0%)
W|N|L|O (0.0%)

Figure 11. Tabular stimuli used in the WWET for Study 3. Participants in the Raw+Summary
condition saw figures like this. Participants in the Raw Data Only condition only saw the top
half.

The data presented in the three ballots is functionally identical to the data presented in the
graph version of the task (Figure 11). Each row in the three ballots corresponds to the same
individual voter. Voter 1 in Figure 11 chooses candidate K as their favorite, they also rank
candidate K first, followed by A, then S. Additionally, Voter 1 rates K the highest (95), followed
by A (54), and then S (8). In the graph version of the WWET, the cardinal system measures

closer proximity as better score rating. However, in the tabular version, we inverted this measure,

so that higher scores represent a better rating (which we believed is more intuitive for the
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participants). This was accomplished by first measuring the distance from each voter to each
candidate. Then this array of numbers was run through an inverse scaling function with a range
of 0-100, where 100 was the lowest number in the untransformed array, and 0 was previously the
largest. The untransformed and transformed data have a near-perfect negative correlation, made
imperfect by rounding to whole numbers so that all voter ratings were integers.

In addition to answering the three ballot questions for each WWET item (like in Study 2),
participants also answered a fourth question which asked, “Which table did you primarily use to
make your decisions?” These questions will be separately examined in the results section.

4.1.2.2 Other Tasks

The other tasks were very similar to those in Study 2, though were updated to accommodate
the new tabular stimuli. Furthermore, the two conditions of the tabular stimuli (Raw+Summary
vs. Raw Data Only) were carried through the other tasks. Other differences from Study 2 or
important clarifications are as follows.

For the declared voting system preferences questions, in addition to asking the same
questions in Study 2 about the fairness of the voting systems, participants also answered three
questions about which voting system they would prefer to use. The reason we asked about both
fairness and prefer to use is because an individual could feel that one voting system is the most
fair, but could still prefer to use another voting system (e.g., if they feel that the first is too
complicated).

For the comprehension test questions, participants were only shown the relevant part of the
tabular stimuli. For example, when participants were asked which candidate would win
according to RCV, they were only shown the middle column stimuli like in Figure 11; the left

and right columns were whited out. Participants in the Raw Data Only condition when asked
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about who would win according to RCV only saw the top-middle section of stimuli like in
Figure 11.

4.2 Results
4.2.1 Participants

We removed 13 participants who completed the study on their phones instead of a computer,
and 55 participants were removed because they did not correctly answer the questions ensuring
they could read the tables. In all, 217 participants submitted valid data for analysis.

4.2.2 Validity Check and Ballot Agreement

For three of the WWET items there was a candidate option in which each of the three voting
systems agreed was not the winner. As a measure of attention/comprehension, we examined how
often the “loser” candidates were selected. Participants selected the loser candidate 3.07% of the
time (raw+summary data condition: 1%; raw data only: 5%).

Participants completed three ballots for all items in the WWET as well as for declared voting
system preferences. We found that the three ballots perfectly matched most of the time for both
WWET ballots choices (92.72%) and declared voting system preferences (Time Point 1: 86.18%);
Time Point 2: 85.71%; Time Point 3: 86.64%). When the three ballots did not match, then
typically two did. In less than 1.30% of cases did the ballots problematically disagree, in which
case the response for that item would be removed from analysis.

Together, the high consistency in ballot matches and low frequency of choosing candidates
that were not supported by any of the voting systems, suggests that, in general, participants took

the study seriously.
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4.2.3 Voting System Choices

4.2.3.1 WWET Choices

The descriptive statistics for the choices in the WWET can be seen in Figure 3. Like Studies
1 and 2, participants chose the plurality option most frequently, followed by the cardinal option,
and then RCV. This pattern of choices was similar across the two conditions; there were no
significant differences across the conditions for cardinal [t(214.22) = .85, p =.397, d = .11],
plurality [t(214.85) = .55, p = .581, d = .07], or RCV [t(189.04) = .90, p = .370, d = .12]
candidates.

In the WWET in Study 3 participants also stated which of the three tables (“rate all
candidates”/cardinal, “pick one candidate”/plurality, or “rank all candidates”/RCV) they
primarily used to make their decision. Table 5 shows the percent of time that participants said
they used each of the three tables in the WWET by condition. Participants in the raw data only
condition reported using the ‘Rank’/RCV table most frequently (47%), followed by the
‘Rate’/cardinal (36%) and ‘Pick One’/plurality tables (17%). Contrastingly, participants in the
raw and summary data condition reported using the ‘Rate’/Cardinal (40%) table most frequently,
followed by ‘Pick One’/plurality (28%) and ‘Rank’/RCV (17%) tables.

Table 5. Percent of Time Participants Reported Using Each of the Three Tables in Studies 3 and
4

Table That Participants Said They Used

Study 3 Study 4
‘Rate’/ ‘Pick one’/ ‘Rank’/ ‘Rate’/  ‘Pickone’/  ‘Rank’/
Stimuli Condition Cardinal Plurality RCV Cardinal Plurality RCV
Raw Data Only 36% 17% 47% 39% 14% 47%
Raw+Summary Data  40% 28% 17% 45% 17% 37%
Summary Data Only — — — 38% 19% 43%
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Table 6. Probability that a Choice in the WWET is Consistent with Each Voting System
Given that a Participant Said they Used a Given Table in Studies 3 and 4
Table That Participants Said They Used

Study 3 Study 4
Choice is ‘Rate’/  ‘Pick one’/ ‘Rank’/ ‘Rate’/  ‘Pick one’/  ‘Rank’/
Consistent with  Cardinal  Plurality RCV Cardinal  Plurality RCV
Raw Data Only Condition
Cardinal 49% 6% 42% 48% 6% 42%
Plurality 45% 83% 51% 46% 84% 58%
RCV 25% 39% 29% 23% 29% 33%
Raw+Summary Data Condition
Cardinal 77% 9% 27% 81% 3% 21%
Plurality 22% 89% 71% 16% 94% 58%
RCV 22% 34% 28% 24% 31% 69%
Summary Data Only Condition
Cardinal - - — 83% 3% 19%
Plurality - - - 16% 92% 59%
RCV — - — 25% 30% 62%

Note: Some choices in the WWET support two voting systems, so the columns add up to
over 100%.

Table 6 shows the probability that, if a participant said they were using a given table, they
made a choice consistent with this that table. The columns sum to more than one because
sometimes choices were consistent with two voting systems. Participants who said that they used
the ‘Pick One’/plurality table plurality tended to make decisions consistent with plurality about
85% of the time. An independent samples t-test comparing the percent of choices for each
participant that were consistent with plurality if the participant said that they used the plurality
table did not find a significant difference between conditions [t(127.89) = .29, p =.772, d = .04].

Participants who said that they used the ‘Rate All Candidates’ / cardinal table tended to make
decisions consistent with cardinal voting in the Raw+Summary condition (77%), but less so in
the Raw Data Only condition (49%), and there was a significant difference in consistency
conditions [t(178.85) = 4.20, p <.001, d = .59]. In the Raw+Summary condition, it should have

been trivially easy to implement cardinal voting because participants could just look at the
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means, but in the Raw Data Only condition participants had to estimate the means, so it is not all
that surprising that they were less accurate.

Most importantly, in both conditions, when participants said that they were using the ‘Rank
All Candidates’ / RCV table, their choices were only consistent with RCV about 29% of the
time; there was not a difference between conditions [t(182.99) = .76, p = .448, d = .11]. Instead
of implementing RCV, most of their choices were consistent with plurality. In sum, even when
people think that they are using RCV, they tend to fail to implement the instant runoff logic and
resort to making a decision based on the voters’ first choices, effectively implementing plurality
voting. This finding fits with the findings from Studies 1 and 2 that even when participants
declared RCV to be the most fair, they rarely used RCV in the WWET and instead primarily
used plurality. The current finding goes even farther and reveals that even when participants say
that they are using the rankings in the WWET, they still primarily use plurality.

4.2.3.2 Declared Voting System Preferences

We conducted a 2 (condition; between-subjects) x 3 (voting systems; within-subjects)
ANOVA on subjects’ declared fairness ratings (see Table 7 for 0-100 ratings; see Figure 3 for
the single choice measure). There was no main effect of condition [F(1, 215) = .14, p = .709, 2
=.000]. There was a main effect of voting systems [F(2, 430) = 3.06, p = .048, n2 = .010], which
should be interpreted in light of a significant interaction [F(2, 430) = 6.52, p = .002, nZ = .021].
There was no difference in fairness ratings for RCV across the two conditions [t(208.58) = .88, p
=.382, d = .12]. Participants in the Raw+Summary condition rated plurality as more fair than
those in the Raw Data Only condition [t(209.40) = 2.45, p = .015, d =.32]. In contrast,
participants in the Raw+Summary rated cardinal voting as less fair than those in the Raw Data

Only condition [t(214.06) = 2.64, p = .009, d = -.35]. This last finding about cardinality runs
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directly opposite to our hypothesis that people would view cardinal voting as more fair if they

are given a summary and do not have to estimate the means on their own.

Table 7. Mean (SD) Declared ‘Fairness’ Ratings and ‘“Would Like to Use’ Ratings on 0-100

Scale
Study 3 Study 4
Condition Cardinal  Plurality RCV Cardinal  Plurality RCV
Declared ‘Fairness’ Ratings
Raw Data Only 71 (23) 53(24) 64 (24) 68 (22) 52 (25) 63 (23)
Raw+Summary Data 62 (25) 61(23) 67 (23) 59 (30) 59 (26) 69 (18)
Summary Only - - - 63 (21) 57(28) 71 (20)
‘Would Like to Use’ Ratings
Raw Data Only 67 (25) 55(30) 65(27) 59 (28) 49 (27) 64 (26)
Raw+Summary Data 61 (24) 58 (27) 66 (25) 57 (32) 58 (28)  65(24)
Summary Only — - - 55 (28) 53 (30) 69 (26)

4.2.3.3 Declared Voting System “Fairness” versus “Would Like to Use” Ratings

Participants rated each of the voting systems on both how fair they believed they were and

how much they would like to use them (Figure 7). Without a priori predictions, we were curious

if participants perceived a gap between how fair a voting system was and how much they desired

to use it. To examine the possibility of a gap in these ratings, we calculated paired t-tests for the

three voting systems. On average, participants gave a higher rating for fairness than desire to use

for cardinal voting, t(216) = 2.27, p = .024, d = .15, but there was not a difference for the other

two voting systems. We also conducted a 2 (condition; between-subjects) x 3 (voting system;

within-subjects) on the difference between the fairness ratings minus would like to use ratings;

however, there were no significant results. One reason cardinal may be fairer than it is desirable

to use is that it offers a fine granularity that may potentially reflect more nuanced and hence

accurate preferences. However, when it comes to using cardinal, people may be wary that

everyone’s votes would be honest and accurate.
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4.2.3.4 Choice Consistency

A LDA found that choices in the WWET were only able to predict declared voting system
preferences for 34.42% of participants, which is not significantly better than chance (Figure 4).
The hit rate for three groups was above chance for plurality (65.91% ; z = 4.67, p <.001), at
chance for RCV (31.18%; z = -2.35, p = .019) and for cardinal voting (20.51% ;z=-.37,p =
.711; see Appendix E for complete analysis results).®
4.2.4 Comprehension and Declared Voting System Preferences

See Figure 5 for descriptive statistics of the comprehension scores of the three graphs. We
expected that the comprehension scores in the Raw+Summary condition would be near ceiling
for the cardinal and plurality table because both of these clearly identify the winner, and indeed
these were near ceiling.

We conducted a one-way ANOVA (voting system; within-subjects) for just the Raw Data
Only condition. There was a main effect of voting system, F(2, 196) = 89.03, p < .001, n2 =
.335. Participants had higher comprehension scores on the plurality test than cardinal [t(100) =
7.14,p <.001, d =.92], and RCV [t(100) = 16.11, p < .001, d = 2.15], and higher on the cardinal
test than RCV [t(100) = 8.67, p <.001, d = 1.08]. This pattern of better comprehension for
plurality, then cardinal, then RCV is the same pattern that was found in Studies 1 and 2, and
suggests that the difficulty understanding cardinal and especially RCV from raw data is not due
to just a quirk of the graphical format in Studies 1 and 2.

4.2.5 Voting System Metacognition
Participants rated how well they understand each of the voting systems (Table 4).

A 2 (condition; between-subjects) x 3 (voting systems; within subjects) ANOVA on participants’

8 We conducted LDA’s limited to each condition as well and found similar results. The overall prediction rate for
raw+summary data (37.72%) and raw data only (35.64%) were also non-significant. See Appendix E for more
details.
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judgment of knowledge ratings did not any effect of condition [F(1, 215) = 1.09, p = .297, n2 =
.004], voting systems [F(2, 430) = 1.67, p =.190, nZ = .002], nor was there an interaction [F(2,
430) = 2.45, p = .088, nZ = .003]. The lack of differences is striking. Participants’
comprehension scores clearly indicate a hierarchy for the difficulty of the three voting systems.
However, at the group level, participants felt they were equally proficient in their understanding
for each system. This provides further evidence of a poor resolution of how well participants
actually understand the different voting systems.

The relationship between judgment of knowledge ratings and comprehension scores for
specific voting systems is shown in Appendix I. This figure shows how RCV judgment of
knowledge ratings are equal or, in some places, even higher than judgment of knowledge ratings
for cardinal. This finding is in stark contrast to evidence presented earlier that participants have a
poorer understanding of RCV compared to cardinal voting.

4.3 Discussion

We find a similar pattern of preferences in the WWET; like Studies 1 and 2 participants
chose the plurality option most frequently, followed by the cardinal option, and then RCV. In
Study 3 participants also reported which table they were primarily using in the WWET.
Participants in the raw data only condition reported using the ‘Rank’/RCV table most frequently
whereas for participants in the raw and summary data condition they most frequently reported
using the ‘Rate’/Cardinal table.

Counter to our predictions, cardinal voting was perceived as being fairer when summary
information was omitted. One reason for this pattern may be due to the awareness that a wide
distribution of ratings seen in the raw data are being aggregated into a single number in the

summary data (i.e., the average). The question then, is whether this pattern of results hold when
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participants only see summary results. In Study 4, we predict that participants will prefer cardinal
voting more in the condition with only summary tables, versus when participants see raw data
and summary tables.

In Study 3, for the first time, we examined if there is a gap between how fair the voting
systems are viewed by participants versus how desirable they are to use. We found some
evidence that cardinal voting was viewed as being more fair than it was desirable. It is unclear
why this may be the case. One explanation is that the finer granularity of preferences in cardinal
can reflect more accurate preferences—which is viewed as being fairer—but when using cardinal
voting, participants may be skeptical that others who honestly relay their preferences.

Unlike Studies 1 and 2, when we used a tabular version of the WWET in Study 3, we could
not predict declared voting system preferences from decisions in the WWET although we were
fairly successful for predicting individuals with a declared preference for plurality from their
plurality preferences in the WWET. The other two systems were at chance levels.

Like prior studies, in the Raw Data Only condition we found that participants best
understood plurality, followed by cardinal, and the poorest understanding for RCV. Strikingly,
participants performed equivalently on the RCV comprehension test in both the Raw Data Only
and the Raw+Summary Data condition. This suggests that the issue participants are primarily
having with RCV is not from being able to gather proportional data about the order rankings, but
rather with the ability to implement the instant-runoff logic specifically. We will examine this
issue directly in Study 4.

We found more evidence of poor resolution in judgments of learning; participants self-
assessed themselves as having an equivalent understanding of RCV as cardinal and plurality

voting, but participants actually understood cardinal and plurality voting better than RCV. We
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did not find that judgment of knowledge ratings were affected by whether or not summary tables
were present.
5.0 Study 4

In Studies 1 and 2, participants rated cardinal voting the lowest on fairness, and we
hypothesized that this might be due to feeling that it was difficult to aggregate the raw data and
find the winner according to cardinal voting. To test this hypothesis, in Study 3, we presented
election data in a numerical format displayed in tables, and half the participants also received a
summary of the election results. Overall, cardinal voting was viewed as fairer in Study 3 with
tables than Studies 1 and 2 with graphs, but, contrary to our hypothesis, we found that
participants thought that cardinal voting was more fair without the summary rather than with the
summary. One reason for this finding is that our participants may have felt that taking an average
of the ratings does not do a good job of capturing the raw voting data. Many of the distributions
we used involved bimodal or trimodal distributions, so they may have felt that an average does
not really represent the voting data well.

To test this hypothesis, in Study 4 we added a third ‘Summary Only’ condition in which
participants only saw the summary results and did not see the raw voting data. We predicted that
participants would prefer cardinal voting more in the condition since they cannot see how the
average does a poor job compared to the Raw+Summary condition. Alternatively, because the
Raw+Summary condition was rated as less fair than the Raw Only condition in Study 3. It is
possible that the new Summary Only condition will continue this trend of being rated even
worse. One reason could be that when only an average is provided people could feel like they
don’t understand how it connects to the raw votes — many different distributions of votes could

produce the same average. In contrast, the summary for plurality voting is extremely
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straightforward — it is just a sum of the votes — and the summary for RCV, which is described
next, is also quite straightforward.

Another change we made in Study 4 was that we changed the design of the summary tables
for RCV to display the instant-runoff logic so that participants can clearly see which candidate
was eliminated and which candidate was the winner. In Study 3, the summary table for RCV
showed the proportion of voters who preferred specific orderings of the candidates, but the
participants in the WWET still had to think about what to do with the ranks. Even participants
who believed that RCV was the fairest and those who said that they were using the RCV tables
tended to simply resort to the winner according to the first choice, so in effect they implemented
plurality voting from the ranks rather than actually implementing RCV. In Study 4 we explained
the instant-runoff logic prior to the WWET, and during the WWET the summary table clearly
showed who won if the instant-runoff was implemented.

We hypothesized that in the Summary Only condition, when the RCV winner was clearly
labeled, that people would feel that RCV is not very fair, because it sometimes diverges from
plurality voting which participants have tended to use in the WWET. In contrast, in the Raw
Only condition, participants might rate RCV as fairer because they might not realize how it
diverges from plurality voting. Alternatively, people might notice that it diverges from plurality
and decide that they like RCV, in which case they might choose to use it in the WWET and
might also rate it as fair.

5.1 Method
5.1.1 Participants
We recruited 200 participants through the University of Pittsburgh’s introduction to

psychology subject pool.
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5.1.2 Design, Procedures, and Measures

Figure 10 provides a summary of the procedural flow for Study 4. There were two important
changes compared to Study 3. First, in addition to the Raw+Summary Data and Raw Data Only
conditions, participants could also be randomized to a Summary Data Only condition; in this
condition they only saw the bottom half the stimuli like in Figure 12.

Second, the ‘Rankings Summary’ part of the stimuli in the WWET was changed; compare
Figure 12 vs. Figure 11. The Rankings Summary in Study 4 shows both the distributions of the
voter’s first choices across the three candidates, and the distribution for the final choice after
eliminating one of the candidates due to the instant run-off. Participants in the Summary Data
condition and the Raw+Summary condition learned about the instant run-off logic as part of the
WWET in Study 4, rather than afterwards in Study 3, and these participants were asked an
additional question, with feedback upon answering, to make sure they knew how to read the
Rankings Summary.

Appendices D1-D5 provide full details of the study including some blocks of the study that

are not discussed in this presentation or analyzed.®

9 After judgment of knowledge ratings, participants were asked six open-ended free response questions about the
pros and cons for each of the three voting systems. At the end of the study, a number of individual differences were
measured (MFQ, CRT, NFCC). We had planned to assess the relations between the individual differences and
declared voting system preferences like in Study 1, but failed to realize that since there were three conditions in
Study 4, it would make sense to analyze these relations separately, and we feel that the study is underpowered to
analyze these separately for the three conditions.
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Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter| 1st|2nd|3rd Voter| N L | W
1 L 1 LIW|N 1 44 | 94 | 69
2 L 2 L{W|N 2 53 | 84 | 60
3 w 3 WI|L|N 3 3 66 | 80
4 N 4 N[ L|W 4 91 | 47 | 23
5 w 5 WIL|N 5 0 63 | 87
6 N 6 N|L|W 6 91 | 28 | 4
7 W 7 WI[L|N 7 21 | 83 | 93
8 N 8 N|L|W 8 94 | 44 | 19
9 N 9 N[ L|W 9 100 | 38 | 13
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candicdate| Votes (%) Candidate|1™ Choice| Final Choice N L w
N 4 (44.4%) W 3(33.3%)| 5 (55.6%) [Avg. score| 55.2 | 60.8 | 50.9
W 3 (33.3%) N 4(44.4%) | 4 (44.4%)
L 2(22.2%) L 2(22.2%) X

Figure 12. Tabular stimuli used in the WWET for Study 4. Participants in the Raw+Summary
condition saw figures like this. Participants in the Raw Data Only condition only saw the top
half, and participants in the Summary Data Only condition only saw the bottom half. The
Rankings Summary is different for Study 4 compared to Study 3.
5.2 Results

5.2.1 Participants

We removed 4 participants who completed the study on their phones instead of a computer.
Additionally, we removed 30 participants (18% of the remaining sample; 11% from the Raw
Data Only condition, 18% from the Raw+Summary condition, and 25% from the Summary Only
condition) because they did not correctly answer the questions ensuring they could read the
tables. In all, 169 participants submitted valid data for analysis.
5.2.2 Validity Check and Ballot Agreement

It appears that participants took the study seriously. Participants only selected the loser
candidate in the WWET in 4.54% of cases (Raw+Summary: 3%; Raw Data Only: 8%; Summary
Data Only: 2%). When answering the three questions (ratings, rankings, and pick one), they

matched perfectly for 92.25% of cases for the WWET, and 89.94% of cases for the declared

preferences. Across the three conditions, the three questions entirely diverged at maximum only
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.60% of cases, so few cases had to be dropped from analysis.
5.2.3 Voting System Choices

5.2.3.1 WWET Choices

The descriptive statistics for the choices in the WWET can be seen in Figure 3. Like all prior
studies, in the Raw Only condition, participants chose the plurality option most frequently,
followed by the cardinal option, and then RCV. However, in the Summary Only condition and
the Raw+Summary condition, RCV was much higher. This makes sense in that these are the only
two conditions across all studies in which participants were taught the instant run-off logic as
one option in the WWET. At the same time, participants could have dismissed the RCV winner
when they noticed that it diverged from the plurality winner in the Raw+Summary and Summary
Only conditions, but nevertheless they often chose the RCV winner. A three-group ANOVA
found that there were differences in the extent of making RCV choices in the WWET task based
on condition, F(2, 166) = 15.00, p <.001, n2 = .153. Participants were less likely to make RCV
choices in the Raw Only condition than Raw+Summary [t(75.34) = 3.51, p <.001, d =.72] and
Summary Only [t(87.68) = 5.75, p <.001, d = 1.05]; there was no difference between
Raw+Summary vs. Summary Only [t(102.76) = 1.51, p = .133, d = -.30]. There was no influence
of condition on making cardinal [F(2, 166) = 1.07, p = .345, n2 = .013] nor plurality choices
[F(2, 166) = 1.41, p = .248, 2 = .017].

We then examined the percent of times that participants said that they used each of the three
tables (Table 5). Like in Study 3, participants in the raw data only condition reported using the
‘Rank’/RCV table most frequently (47%), followed by the ‘Rate’/cardinal (39%) and ‘Pick
One’/plurality tables (14%). Participants in the raw and summary data condition reported using

the ‘Rate’/Cardinal (45%) table most frequently, followed by ‘Rank’/RCV (37%) and ‘Pick

71



One’/plurality (17%) tables. Additionally, participants in the summary only data condition
reported using the ‘Rank’/RCV (43%) most frequently, followed by the ‘Rate’/cardinal (38%)
and ‘Pick One’/plurality (19%) tables.

We next examine the probability that if participants said they were using a given table, that
they made a choice consistent with this that table (see Table 6). Participants who said that they
used the ‘Pick One’/plurality table plurality tended to make decisions consistent with plurality
around 90% of the time; participants in all three conditions were likely to have matching choices
if they noted the plurality ballot was primarily used, and choice consistency did not significantly
differ across conditions, F(2, 92) = 1.75, p = .180, nZ = .037.

Participants who said that they used the ‘Rate All Candidates’ / cardinal table tended to make
decisions consistent with cardinal voting in the both Raw+Summary condition (81%) and the
Summary Data Only condition (83%), but less so in the Raw Data Only condition (48%), and
this lead to a significant difference in consistency conditions across the groups, F(2, 142) =
13.79, p < .001, nZ = .163. As we mentioned in Study 3, this finding is not surprising given that
participants that had to estimate the answer in the Raw Data Only conditions, whereas the
summary tables presented the correct answer in the other two conditions. The more interesting
question is if we find the same pattern in Study 4, in which the summary tables for RCV display
the elimination logic (in contrast to Study 3, which did not implement this logic).

Unlike Study 3, we found that participants who said that they used the ‘Rank’/RCYV table
tended to make decisions consistent with RCV in both Raw+Summary condition (69%) and the
Summary Data Only condition (62%), but less so in the Raw Data Only condition (33%), and
this lead to a significant difference in consistency conditions across the groups, F(2,137) = 38.91,

p <.001, n% = .372. By using tables that clearly displayed the RCV winner in Study 4, we were
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able to dramatically increase the choice consistency between reported RCV table use and
choosing a candidate consistent with RCV.

5.2.3.2 Declared Voting System Preferences

We hypothesized that participants did not think that cardinal voting was fair when they saw
the raw and summary data because the summary average does not capture the distribution of
voters preferences. Therefore, we predicted that participants would prefer cardinal voting more
in the Summary Only condition than the Raw+Summary condition. Alternatively, participants in
Study 3 thought the Raw+Summary was less fair than the Raw Only for cardinal voting, so it is
possible that this trend would continue — participants might feel that a Summary Only
presentation of cardinal voting is even less fair than Raw+Summary. This could happen if they
worry that the average is not a good representation of the voters’ preferences, despite not actually
knowing their preferences in the Summary condition (since the raw data is absent).

In Studies 1 and 2, participants felt that RCV was the fairest voting system despite rarely
using it in the WWET and despite not understanding it well in the comprehension questions. It
seemed that what was really happening was that they thought RCV was fair but only used the
first-choice picks, essentially defaulting back to plurality voting. We hypothesized that in Study
4 when the summary clearly showed the RCV winner after implementing the instant runoff logic,
that participants would realize that RCV can lead to a different winner than plurality, and that
this realization may make them feel that RCV is less fair. Alternatively, it could be that when
participants are helped to understand RCV even more by clearly showing the winner, they feel
that it is fairer, despite the fact that it could disagree with plurality. However, an independent
samples t-test revealed no difference in fairness ratings for cardinal voting between the Summary

Data Only and the Raw+Summary data conditions, t(88.69) = .44, p = .440, d = .16.
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We also conducted a 2 (condition, between-subjects) x 3 (voting systems; within-subjects)
ANOVA to test for differences in fairness ratings (see in Table 7). The fairness ratings differed
across voting systems, F(2, 332) = 9.53, p <.001, n2 =. 038. Participants rated plurality as less
fair than both cardinal [t(168) = 2.65, p =.009, d = .29] and RCV [t(168) = 4.19, p<.001,d =
.48]; cardinal was rated as marginally less fair than RCV [t(168) = 1.68, p = .095, d =.18]. We
did not find a significant difference in fairness ratings across condition [F(2, 166) = .41, p =
667, nZ = .002]. Additionally, we found a marginal interaction between condition and voting
systems [F(4, 332) = 2.31, p = .058, nZ = .019].

5.2.3.3 Declared Voting System “Fairness” versus “Would Like to Use” Ratings

We follow-up the analysis from Study 3 that examined if participants perceived a gap
between how fair a voting system was and how much they desired to use it. Table 7 shows the
mean “would like to use” ratings as well as the “fairness” ratings. Similar to Study 3, on average,
participants had a higher rating for how fair they perceived cardinal voting relative to how much
they would like to use it (t(168) = 3.57, p <.001, d = .27). A similar marginal trend was found
for plurality (t(168) = 1.88, p =.062, d = .14), where participants thought plurality was more fair
than it was desirable. There was no difference for RCV [t(168) = .78, p = .436, d = .06].
Replicating the cardinal result, lends credence to the idea that using a 0-100 rating scale is
viewed as more fair than it is desirable to use.

5.2.3.3 Choice Consistency

We conducted separate LDAs for each condition using the choices in the WWET to predict
participants’ declared fairness ratings (Table 8). In the Raw Data Only condition, the hit rate for
choosing Plurality as the fairest was significant; as can be seen in Figure 4, participants who

chose plurality as the fairest tended to make WWET choices in line with plurality voting, which
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was seen in previous studies. A new finding was that in the Raw+Summary and Summary Only
conditions, the hit rate for choosing RCV was significant; participants who declared RCV as the
fairest tended to make WWET choices in line with RCV. This has never happened in prior
studies and presumably the reason for the difference is that this is the only study in which the
instant run-off logic was explained to participants prior to the WWET and the RCV winner was
clearly displayed in the WWET. In sum, this finding shows that if participants are taught about
the instant-runoff logic of RCV and if the logic is implemented for participants, then there is in
fact consistency between people who think that RCV is fair and those that choose to use it when
deciding who won an election. In prior studies even when participants thought that RCV was the
fairest, they did not implement it spontaneously in the WWET.

Table 8. LDA Hit Rate by condition for Study 4
Voting_System

Condition Cardinal  Plurality RCV
Raw+Summary Data .33 42 .65**
Raw Data Only .07 .62* 23
Summary Data Only .36 40 S7**

Note: *p < .05; **p < .01,

5.2.4 Comprehension and Declared Voting System Preferences

See Figure 5 for descriptive statistics of the comprehension scores of the three graphs. We
expected that the comprehension scores to be near-ceiling level in the Raw+Summary and
Summary Only conditions because the summary tables clearly labeled the winning candidate,
and indeed they were near ceiling. We conducted a one-way ANOVA (voting system; within-
subjects) for just the Raw Data Only condition. The comprehension scores differed across the
three voting system tests, F(2, 118) = 50.73, p < .001, n2 = .325. Like all the prior studies, when

presented with only raw data, participants understood plurality better than cardinal [t(61) = 5.24,
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p <.001, d =.76], and RCV [t(61) = 10.53, p <.001, d = 1.85], and they understood cardinal
better than the RCV test [t(61) = 6.02, p <.001, d = 1.03]. There was no main effect of declared
preferences F(2, 59) = .01, p =.994, nZ = .000 nor an interaction [F(4, 118) = 1.52, p = .202,
nZ = .028].

5.2.5 Voting System Metacognition

We conducted a 3 (condition; between-subjects) x 3 (voting system; within-subjects)
ANOVA on participants’ judgment of knowledge ratings (Table 4). The judgment of knowledge
ratings differed across the three voting systems, F(2, 332) = 7.83, p <.001, n2 = .015.
Participants felt that they understood Plurality (M = 83.27, SD = 24.90) better than cardinal (M =
77.27, SD = 25.24) [t(168) = 3.19, p = .002, d = .24] and RCV (M = 76.64, SD = 25.21) [t(168) =
3.29, p =.001, d =.26]. There was no difference between RCV and cardinal voting, t(168) = .34,
p =.731, d =.03. The judgment of knowledge ratings did not differ across the three conditions,
F(2, 166) = .91, p = .405, n2 = .007 and there was no interaction, F(4 ,332) = .73, p = .568, n2 =
.003. Similar to Study 3, we found that participants believed they understood cardinal and RCV
at equivalent levels, despite evidence to the contrary.

Examining the relationship between comprehension scores and judgment of knowledge
ratings (Appendix 1), it is clear that participants in the Raw Data Only condition falsely believed
they had a better understanding of RCV than cardinal, especially at the lower levels of RCV
comprehension. This evidence is in line with the findings from Studies 2 and 3; participants are
not accurately self-assessing their understanding of RCV.

5.3 Discussion
Like the three prior studies, we found that participants most frequently made plurality-

consistent decision in the WWET. However, unlike the prior three studies, we found evidence
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that people with declared preferences for RCV, indeed made RCV-consistent choices in the
WWET much of the time—as long as summary information for voting systems was present.

Counter to our first prediction that participants would give the highest fairness ratings for
cardinal voting in the Summary Only condition, participants gave the highest fairness ratings for
cardinal voting in the Raw Only condition, then Raw+Summary, and lowest in the Summary
Only condition. It is possible that by only having raw data present, participants were especially
attuned to the complexity in preferences and that cardinal voting was the only system to capture
those preferences. However, when participants begin examining how these complex preferences
are aggregated into a single output, cardinal voting becomes less desirable—especially when
only summary information is seen and not the raw preference data itself.

Our second prediction was that participants would give higher fairness ratings for RCV in the
Raw Only condition than the Summary Only condition. Counter to this prediction, we found that
participants gave the highest fairness ratings for RCV in the Summary Only condition, and
lowest in the Raw Only condition. We suspect that two factors may have been in play. First,
instead of being troubled that RCV diverges from plurality, participants may have decided that
indeed they like how RCV chooses a winner; rank choice voting prioritizes winners who are
majority supported, which is not a requirement of plurality. Second, participants may have had
an illusory feeling that they understood RCV well since the summary table provided the clear
winner after the instant-runoff was implemented. In Study 4 participants rated their meta-
cognitive understanding for RCV as similarly high as cardinal voting, despite the fact that
Studies 1-3 studies show that our participants struggled much more to understand RCV than
cardinal.

Like all the prior studies, when presented with only raw data, participants understood
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plurality best, followed by cardinal, and RCV was the least understood. Participants in the
conditions with summary data were finally able to do well on the RCV test, once the logic of the
system was clearly spelled out. However, these results highlight how much participants have
struggled with implementing RCV on simple test items.

The metacognition results were congruent with those in Studies 2 and 3; we found that
participants believed they understood RCV at levels that did not match their comprehension
scores.

6.0 General Discussion

In four studies, we evaluated how participants’ preferences about voting systems, the
consistency in these preferences when measured in different ways, and whether their
understanding of the voting systems and individual differences predicted their voting system
preferences. Additionally, we tested educational interventions, which improved participants’
understanding of the voting systems.

6.1 Summary of Results
6.1.1 Choices and Choice Consistency

We measured participants’ preferences about voting systems two ways. First, we developed
the “Who Won the Election Task” (WWET), in which participants were shown the results of a
hypothetical election in which a group of people were voting on which of two or three candidates
to hire. In most of the WWET cases participants were shown ‘raw data’ about each voter’s
preferences regarding each candidate. Different implementations of the WWET accomplished
this in different ways (ratings, rankings, choices of a single candidate, or preferences on a one-
dimensional scale), but the core task of the participants was the same — to decide which

candidate should be selected based on the voters’ preferences. This allowed us to calculate the
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degree to which participants’ choices agreed with the three voting systems. Second, we also
asked participants their ‘declared preferences’ — how fair they thought each of the three voting
systems were after formally being taught the voting systems.

Across all the studies, participants’ choices in the WWET were most consistent with plurality
voting. This is perhaps unsurprising given that plurality voting is the simplest form of voting and
what is used by far the most in political elections in the United States. However, participants
tended to view RCV as fairer than plurality. In Studies 3 and 4 participants even sometimes
viewed cardinal voting as fairer than plurality. These studies did not include nationally
representative samples, and samples from different groups may exhibit different preferences. For
example, perhaps a less liberal sample may not be as favorable to RCV as this sample. Still,
these studies suggest that at least in certain groups there is considerable disagreement between
people’s declared preferences and how they would actually decide who won an election if put in
charge of doing so.

However, when statistically analyzing the consistency between the WWET and the declared
preferences, the amount of consistency was fairly low. In Studies 1 and 2, which used the
graphical format, there was above-chance consistency, though the WWET only explained about
41% of participants’ choices when making declared preferences (chance is 33%). In Studies 3
and 4, which used a tabular format there was not even above-chance consistency. Of course, the
obvious question then is why is there such a gap when preferences are measured in two ways?
We found that one contributing factor was because participants do not understand how to
implement the voting systems, which relates to the next question.

6.1.2 Comprehension and Declared Preferences

The second main question we asked was if people prefer voting systems that they understand
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better. When participants’ comprehension of the three voting systems was tested by asking them
which candidate won according to a given voting system in a task very similar to the WWET,
their understanding of plurality was near ceiling, followed by cardinal voting, and lastly RCV.
Something remarkable about this pattern is that it cannot be explained by lack of ability to derive
the necessary information from the graphs (Studies 1 and 2) or tables (Studies 3 and 4). If, for
example, participants could visually see which candidate was closest to each voter in Studies 1
and 2, but had difficulty calculating the average distances between each candidate and all the
voters, then they should have done well on the comprehension tests for both plurality and RCV,
but poorly for cardinal voting; RCV simply requires participants to derive the same information
from the graphs as plurality voting.

The reason that participants understood RCV so poorly is that they often failed to implement
the instant-runoff logic and instead just focused on each voter’s first choice in the rankings, so
they ended up choosing the plurality winner rather than the RCV winner. This point was made
very clearly in Studies 3 and 4. In Study 3, in both the “Raw” and “Raw+Summary” conditions
participants had to implement the instant run-off, and participants’ comprehension was equally
poor in both. In Study 4, in the “Raw+Summary” and “Summary” conditions the RCV winner
after doing the instant-runoff was shown to participants, and their comprehension was near
ceiling. In sum, the WWET shows that participants rarely spontaneously implement the instant
run-off of RCV on their own, and the comprehension tests demonstrated that even after being
taught about the instant run-off logic, participants had difficulty implementing it (unless it was
essentially done for them).

But again, the analyses above involved examining comprehension and declared preferences

separately; it is possible that participants who have higher comprehension of a given voting
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system would rate it higher in the declared preferences. We found that participants with a
declared preference for cardinal voting indeed understood cardinal voting better than participants
who preferred plurality or RCV, and participants with a declared preference for plurality tended
to have a poor understanding of cardinal voting in Studies 1 and 2. But aside from this relation
between understanding and declared preferences for cardinal voting, there was no relation
between understanding and preferences for RCV and plurality; participants who preferred RCV
did not understand it better, and almost all participants understood plurality well even if they did
not prefer it.

In summary, there were only occasional relations between comprehension and declared
preferences; there is some evidence that participants who understood cardinal better declared it
fairer, but there were no relations between comprehension and declared preferences for plurality
and RCV.

6.1.2 Metacognition

In addition to the objective comprehension measures, we also assessed participants’
judgments of knowledge for how well they understood each voting system. In Studies 2 and 4,
participants gave higher meta-cognitive ratings for RCV than cardinal, and in Study 3,
there was not a difference; participants failed to recognize that they actually understood RCV
worse than cardinal and plurality. We also examined the relationship between metacognition and
comprehension, which told a complimentary story. We found clear evidence that participants
were not accurately self-assessing their understanding of the voting systems, particularly RCV.
In Studies 2 and 4, we found some evidence suggesting that individuals with the poorest
comprehension for RCV were especially overconfident and believed they understood RCV much

better than they really did. These findings are related to the literature on “illusion of explanatory
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depth” as well as the Dunning-Kruger effect-where individuals with the lease domain-specific
knowledge are most overconfident of their understanding (Dunning, 2011).

People often have an “illusion of explanatory depth” when trying to explain complex
phenomena (Rozenblit & Keil, 2002). This “illusion” refers to people thinking that they know
much more about something works than they do. For example, an individual may self-assess a
high level of understanding for how a sewing machine works, but may struggle to offer a
concrete explanation if asked to do so. In our studies, we found that people’ self-assessments for
their knowledge about RCV works was not well-aligned with their actual understanding when
formally evaluated. It may be that RCV brings more complexity than first meets the eye and
people underestimate their understanding in response. Additionally, the process of completing a
RCV ballot (i.e., ranking preferences) is a much simpler than the instant-runoff logic used by
RCV. Perhaps people tend to focus more on the process of voting than the mechanism(s) for
aggregating the ballots. In this way, the fluency (or ease) experienced when thinking about the
ballot process influences feelings of understanding about the voting system more generally.
6.1.3 Individual Differences

A third main question was whether there were individual differences that lead participants to
prefer one voting system over another. The individual difference measures had limited success in
explaining our participants voting system preferences. The Cognitive Reflection Test was a
notable stand out, however. One reason CRT may have been an effective predictor of preferring
cardinal voting over plurality voting is that participants may be higher in deliberative thinking
and more willing to expend the effort to understand the voting systems beyond the simple
method of plurality voting.

The morality-focused measures were less predictive than we had hoped. One reason this may
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have been the case is because participants did not understand that the three competing voting
systems operationalize fairness in different ways. Indeed, if participants did, it is possible that
different moral priorities would share a stronger relationship to voting system choices. For
instance, the hypothesis that more utilitarian values would be associated with cardinal instead of
plurality voting seems quite straightforward. But if participants do not understand that cardinal
voting best fits the average voter preferences, then this connection would not be clear to them.
One question that would be interesting for future research is to longitudinally measure
understanding and preferences, in addition to a baseline measure of moral beliefs, and examine
if, as individuals grow in their understanding of different voting systems, there is greater
matching between morality and voting system preferences. In our studies, the interventions were
very short (~15 minutes) and we did not train for advanced understanding. However, examining
the transition from novice understanding to more advanced understanding, in particular, would
provide a better understanding of the relationship between voting system preference and moral
beliefs.
6.1.4 Teaching Interventions

Our fourth main guestion concerned the ability to successfully design a teaching intervention
to improve participants’ understanding of the different voting systems, which was addressed in
Study 2. We found that all three interventions affected both how well participants understood the
voting systems as well as their ratings about their fairness. In particular, retrieval practice was
most effective at increasing participant understanding, and discovery learning showed the most
promise for impacting how fair participants viewed the competing voting systems. Given that all
three interventions had an impact on both comprehension and preferences for voting systems,

relative to the control condition, this suggests that pointing out strengths and weaknesses of
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competing voting systems may in itself be a fruitful approach to teaching people about voting.
And in fact, after our short intervention participants’ choices in the WWET were somewhat more
consistent with their declared preferences.

6.2 Who Won the Election Task

A notable contribution from this dissertation is the creation of the Who Won the Election
Task. We used the WWET in three ways, all of which were novel. First, asking participants who
they think won an election it serves as a revealed preference measure; their preferences about
voting systems could be assessed without them even knowing about voting systems.

Second, we used the WWET to teach participants about the voting systems. Third, after teaching
participants about the voting systems, we asked them to judge who won an election according to
each voting system. Thus, it can serve as a measure of voting system comprehension. Each one
of these three aspects provided valuable insights into the psychology of voting and speaks more
generally to the role cognitive scientists can play in creating a more informed body politic and
these three are addressed in turn.

First, the way that voting system preferences were captured in the WWET is a notable
contribution; in a similar fashion as literature on revealed preferences, we examined how
behaviors can reveal preferences that may differ from declared preferences. Existing measures of
voting system preferences really only capture preferences about the ballot types, not the
aggregation method. For instance, Blais, Plescia, and Semi (2021) asked participants to rate their
satisfaction with single-choice, rankings, ratings, or approval voting (e.g., yes/no for each option)
ballots. A problem with this approach is that the same voting system can still be used with
different ballots; we found that when shown rankings people still often implement plurality

instead of RCV. Other approaches that have been used involve showing people official ballots
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for different voting methods and asking which method they prefer (e.g., Donovan, Tolbert, &
Gracey, 2019), or providing a text explanation of how a voting system works to people and then
having people rate how much they like it (e.g., Kimball & Anthony, 2021). The WWET captures
voting system preferences when people are tasked with actually wrestling with how the system
works relative to competing methods. Our approach of showing different granularities of data
allows people to consider counterfactual outcomes that differ by which voting method is used to
determine the winner, which we believe is a richer and more informative metric then the other
approaches mentioned here.

Second, we believe that the WWET does a better job of assessing comprehension than
existing ways to assess voters’ understanding of different voting systems. For instance, a recent
study presented RCV ballots to voters with instructions on how to complete the ballot and then
asked them: “How well do you think you understand ranked-choice voting?” (Donovan, Tolbert,
& Gracey, 2019). They found that only 13% of voters reported having a poor understanding of
the system and 54% stated that they understood the ballot “very well” or “extremely well.” These
results echo others, in which individuals also self-report understanding RCV (see Kimball &
Anthony, 2021 for references). For instance, 85% of voters surveyed in Alaska deemed RCV
“simple” (Moser, 2022). The problem with these measures is that they only examine if
individuals can correctly fill out an RCV ballot, not whether they understand how RCV’s
aggregation method works. The former is a necessity for voters’ to effectively cast a RCV ballot,
but the latter is necessary for them to understand the results—and possibly more importantly to
buy into the system altogether. Furthermore, these measures are only self-reports and do not
assess understanding against an objective standard.

An additional contribution of this project has been connecting our novel approach for
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capturing voting systems preferences to formal teaching methods which can improve people’s
understanding of voting systems. Although the positive benefits of retrieval practice were not
surprising, the fact that the re-study condition positively benefitted comprehension simply by
repeating the explanations of how the voting systems worked was surprising. One can imagine
that a combination of the three methods may be especially beneficial. Participants may begin
with reading a description of how a voting system works. Next, they are tested on implementing
the mechanism to find the winning candidate, which could be repeated a few times as in our
intervention. Next, participants are walked through scenarios showing the strengths and
weaknesses of the voting system and asked thoughtful questions which enhance the learners’
understanding. We found this approach can be effectively employed in just 10-15 minutes.
6.3 Limitations

One notable limitation of this line of work is that undergraduate students are not
representative of the American voting electorate. Indeed, supporters of RCV have been found to
be younger, more educated, and Democratic-leaning (Anthony & Kimball, 2021), which also
demographically overlaps with our convenience sample of students taking Intro to Psychology at
the University of Pittsburgh. Although we do not necessarily think that the general public has a
better understanding of voting systems than our predominately 18-year-old convenience sample,
it is likely that the general public has different preferences about voting systems. In order to
understand if these findings generalize to the US population it would be important to obtain a
nationally-representative sample.

Another limitation to the external validity of our paper is that in the WWET we used a
scenario about hypothetical hiring decisions, so we were studying ‘cool cognition’ rather than

‘hot’ (Redlawsk, 2002). In contrast, in real-world voting situations, many voters would have
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strong preferences for which candidate they want to win, and they may change their preferences
about the voting systems depending on which voting system they think is most likely to lead to
their preferred candidate winning. In this initial investigation of voting system preferences, we
decided to focus on the simpler ‘cold cognition” and not also add in politically-motivated
decision making, but an important direction for future research is to study how political bias can
change perceptions about fairness of outcomes and voting system preferences.

Similar to the point above, we purposely did not examine strategic voting. Strategic voting
occurs when voters submit ballots for candidates that deviate from their sincere preferences
because they believe doing so is more likely to lead to desirable outcome. This helped simplify
the problem space of the current work, but because in real-world elections, individuals can
benefit from misrepresenting their sincere preferences, strategic voting is an important aspect to
incorporate in future research. Furthermore, even though we tried to emphasize sincere
preferences in the voting data presented in the WWET and other survey areas, it is clear from
open-ended responses from participants that strategic voting was still on some of their minds. It
was not uncommon for participants to say that they believed a disadvantage of cardinal voting
was that voters would not use the middle of the 0-100 scale, but rather would only give very low
or very high scores. Despite our precautions and attempts to eliminate any influence from
strategic voting, at least some participants were still thinking about how this system would play
out in real-world cases.

We made a number of decisions to limit the situations that we tested in the WWET in order
to narrow the scope of this project. First, we limited the number of candidates to a maximum of
3. Second, we limited the voting systems under investigation to only plurality, RCV, and cardinal

voting. However, there are many more systems that could have been studied. Originally, we also
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wanted to include approval voting (which is another type of cardinal voting in which options are
given either a 1 or a 0), but for a number of reasons did not fit well into the visual design of the
WWET. However, other voting systems like Borda (and likely many others) could fit nicely with
the current visual design, but were not investigated. Third, we only investigated cases with a
fairly small number of voters, up to 18. However, political elections typically involve many
thousands of voters or potentially many millions. This dramatically alters how the raw voting
data could be displayed to participants. For example, in the graphical format in Studies 1 and 2 it
could be displayed like a histogram. For the tables used in Studies 3 and 4, we do not see a way
to display the raw data, so presumably the ‘summary only’ display would be used.

Whenever participants learned about quirks in the voting systems, there was never
information presented about how often each quirk occurs. In free-response reports, participants
found the violation of the majority criterion, a weakness of cardinal voting, to be especially
aversive; however, violations of the majority criterion may be far less likely to occur compared
to a spoiler effect in plurality voting. Participant ratings of the voting systems may have looked
different if participants had this information. More broadly, only a limited number of quirks were
presented to participants. In sum, future research could investigate other quirks, how problematic
people view each quirks, and how best to explain quirks to voters.

This dissertation presents a small subset of the possible analyses. The data collected across
the four studies is ripe for further analysis. One direction is to use longitudinal SEM which could
offer valuable insights, particularly within the studies where participants completed the WWET
several times with comprehensions tests and preference measurements in between. These
analyses could shed light on how understanding and preferences interact in a more nuanced

manner.
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Although we did not consider additional voting systems, the choices in the WWET could
also be scored for their consistency to other voting systems (e.g., Borda voting). Participant data
from our four studies can be scored for congruence with additional voting systems, which may
reveal interesting insights into how choices in the WWET map onto other systems.

6.4 Conclusion

The goal of this paper was not to seek a definitive answer to the question of what voting
system people prefer, but to develop methods to understand how to go about studying this
question. We found that people had different voting system preferences, depending on how the
preference was measured. We also found that although many people preferred alternative voting
systems, they struggled to understand them and do not always accurately self-assess their
knowledge. This raises important questions about the accuracy of reported voting system
preferences.

We found robust evidence that individuals especially struggle to understand how RCV really
works. This difficulty appears to be specifically related to understanding how to implement the
formal logic of the system, where one must first check if a candidate has over 50% of the vote,
prior to eliminating the weakest candidate and reassigning their votes to the next candidate,
before tallying the votes again. Proponents of RCV should consider educational campaigns to
address how votes get tallied and not just how to correctly fill out a ballot. We found that our
approach to teaching voting systems was effective and may be improved upon with refinement of
the methods used. Based on other reports, people appear to be able to fill out a RCV ballot
appropriately (i.e., they understand how to rank their preferences), but there is not a similarly
high level of understanding for how RCV really works. It was beyond the scope of the current

work to address the question “how important is it for voters to comprehend the voting system

89



they use?”-but in the wake of this dissertation that question seems important, especially with the
growing interest in using voter systems beyond plurality voting.

We found a strong relationship between what voting systems participants thought were fair
and what voting systems they want to use. People seeking to reform how we vote would benefit
from explaining to people the strengths and weaknesses of different voting systems and how
these specifically relate to fairness. Voting systems are of unique interest for many reasons, but
maybe most of all because they attempt to put formal mathematical operations for how fairness
can be achieved. Humanity would undoubtedly benefit from spending more time reflecting on
how fairness is operationalized, and which methods lead to the most favorable outcomes.

We believe this research serves as an important contribution to a timely issue. Given the
prominent conversations on fairness in voting as well as concerns about trust in our government
institutions, more generally, we sought to add valuable insights into how we can address fairness
at a structural level that is consistent with individuals’ values and preferences while also
strengthening our democracy in the process. The benefits of collective decision-making can be
experienced when people come together with an agreed upon system for aggregating
preferences. If individuals understand the process for reaching an outcome and think that process
is fair, then they should accept the outcome as fair—whether it is their preferred outcome or not.
For important collective decisions like electing the president of the United States of America,
these conditions may even be necessary for a peaceful transition of power.

Importantly, having an agreed upon democratic process that people believe is fair and in
which they accept the outcome are necessary but insufficient conditions for a functioning
democracy. As Nobel laureate and social choice theorist Amartya Sen points out, democracies

are governance by discussion (Sen, 2018). For citizens to have buy-in for their democracy, they
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also must believe that their votes have an intended impact on later decision-making. If voters
elect specific candidates or political parties with the goal of enacting specific policies—and these
policies do not come to pass—voters may begin to believe that their democracy is not serving

them and in turn has diminishing value.
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Appendix A. Study 1 Survey Materials
Al. How to read graph introduction

This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate. There is a hiring committee of people who work
for the company who have different preferences of the types of candidates they want to hire. The
question is how to decide which candidate to hire based on the preferences of the committee
members.

We will be showing you figures like the one below. This figure shows the skillset of job
candidates in terms of having very good technical skills (-100), very good leadership skills (100),
or being balanced (0).

Hiring Committee
Preferences

Technical Balanced Leadership

Job Candidate Skills

Black lines represent individual preferences of members on the hiring committee.

For example, Anna prefers to hire someone who is high in leadership skills.

Hiring Committee I
Preferences Anna

Technical Balanced Leadership

Job Candidate Skills

Blue lines represent job candidates. Here there are two job candidates. Candidate "A" has more
technical skills. Candidate "B" has more leadership skills.

The figure below shows that the two members of the hiring committee, Joe and Anna, both
want a candidate high on leadership. In this case, both of their preferences match well with the
skills of candidate "B, In this example, candidate "B" should be hired.

Hiring Committee 1 1
Preferences Joe Anna

Technical Balanced Leadership

Job Candidate Skills

The figure below shows four black lines. These lines represent the preferences of the four
members of the hiring committee. From now on we will hide the names of members on the
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hiring committee just to make the diagram less cluttered.

Three members of the hiring committee want a candidate with a balanced skillset, and one
member wants to hire a candidate with strong leadership skills.

In this example, candidate "'B"" is a good match for 3 of the 4 members of the hiring committee.
Only one member of the hiring committee is aligned with candidate "C", who has more
leadership skills. Candidate "A", who has a more technical skillset, is not close to any members
of the hiring committee. In this example, Candidate "B" would be hired.

Hiring Committee 11 |
Preferences

Technical Balanced Leadership

Job Candidate Skills
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A2. Graph comprehension

Comprehension item 1:

The figure below shows the skillsets of three job candidates ("A", "B", and
"C™). In addition, this figure shows five black lines, which represent the
preferences of the five members of the hiring committee.

Hiring Committee 1 11 |
Preferences

Technical Balanced Leadership

Job Candidate Skills

Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?

e Candidate A (correct answer)

e Candidate B

e Candidate C

If participant correctly chose “Candidate A”, they would see the message:
“Correct! Candidate A is the best match based on the hiring
committee's preferences.”

If participant chose Candidate B or C, they would see the message:
“Incorrect. Candidate A is the best match based on the hiring
committee's preferences. Notice that four members of the hiring
committee have a preference for a technical candidate and that
Candidate A most closely fits their preferences.”

Comprehension item 2:

The figure below shows the skillsets of three job candidates ("E", "C", and
"S"). In addition, this figure shows four black lines, which represent the
preferences of the four members of the hiring committee.

Hiring Committee 1 I'Ti
Preferences

Technical Balanced Leadership

Job Candidate Skills

Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?

e Candidate E

e Candidate C (correct answer)
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e Candidate S

If participant correctly chose “Candidate C”, they would see the message:
“Correct! Candidate C is the best match based on the hiring
committee's preferences.”

If participant chose Candidate E or S, they would see the message:
“Incorrect. Candidate C is the best match based on the hiring
committee's preferences. Notice that three members of the hiring
committee have a preference for a balanced candidate and that
Candidate C most closely fits their preferences.”

Comprehension item 3:

The figure below shows the skillsets of three job candidates ("J", "R", and
"P™). In addition, this figure shows six black lines, which represent the
preferences of the six members of the hiring committee.

Hiring Committee | | | | | |
Preferences

Technical Balanced Leadership

Job Candidate Skills

Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?

e Candidate J

e Candidate R (correct answer)

e Candidate P

If participant correctly chose “Candidate R”, they would see the message:
“Correct! Candidate R is the best match based on the hiring

committee's preferences.”

If participant chose Candidate J or P, they would see the message:
“Incorrect. Candidate R is the best match based on the hiring
committee's preferences. Notice that five members of the hiring
committee have a preference for a leadership leaning candidate and
that Candidate R most closely fits their preferences.”
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A3. Who Won the Election Task

[Note: All item choices had randomized presentation order. Participants were randomized to 1 of
2 stimuli sets. The left-side images comprise set 1, and the right-side images comprise set 2. The

voting system consistent with choosing a particular candidate is noted in the items below in
italics.]

Introduction text:

In the following pages you will be shown figures like the ones you just
saw and asked which job candidate you think should be hired.

Item 1:
:15”."“ T Tl I T :15”."“ 1 1 I T
Techlnical Balahced Leadérship Techlnical Balahced Leadérship
Job Candidate Skills Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate K (Plurality)
e Candidate A (Ranked-Choice / Cardinal)
e Candidate S (None)
Item 2:
s 11 o i LT o
Techlnical Balahced Leadérship Techlnical Balahced Leadérship
Job Candidate Skills Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate C (Plurality)
e Candidate Z (Cardinal)
e Candidate G (Plurality / Ranked-Choice)
Item 3:

Hiring Committee | | I Tl Hiring Committee I 1 I
Preferences Preferences

Technical Balanced Leadership Technical Balanced Leadership

Job Candidate Skills Job Candidate Skills

Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate A (None)
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e Candidate O (Cardinal)
e Candidate F (Plurality / Ranked-Choice)

Item 4:
;.:,e.'neg:";c'ne;?.m T 1 1 1 ;.:,e.'neg::c'ne;?.m 11 1 11 11 i
Techlnical Balahced Leade')rship Techlnical Balahced Leade')rship
Job Candidate Skills Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate N (Plurality)
e Candidate L (Cardinal)
e Candidate W (Ranked-Choice)
Item 5:
T " ro g comine [~ T 1T " "'
Tecr:nical Balahced Leadclarship Tecr:nical Balahced Leadclarship
Job Candidate Skills Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate | (Plurality)
e Candidate Q (Cardinal / Ranked-Choice)
e Candidate Z (None)
Item 6:
::grgr::’i.::.mee el o rrrrn ::grgré:’i.::.mee i [ Irar
Techlnical Balalnced Leadérship Techlnical Balalnced Leadérship
Job Candidate Skills

Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate U (Ranked-Choice)
e Candidate S (Cardinal)
e Candidate J (Plurality)

Item 7:
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Hiring Committee | | 111 1 1 I Hiring Committee I I I 1
Preferences Preferences

Technical Balanced Leadership Technical Balanced Leadership
Job Candidate Skills Job Candidate Skills

Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate T (Cardinal)

e Candidate K (Plurality / Ranked-Choice)

Item 8:
:'gmm IR IR (I B R :'gmm L B I T T
Tecr:nical Balahced Leadclarship Tecr:nical Balahced Leadclarship
Job Candidate Skills Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate L (Ranked-Choice)
e Candidate M (Cardinal)
e Candidate U (Plurality)
Item 9:
:'gmm T I e :'gmm e I M
Tecr:nical Balahced Leadclarship Tecr:nical Balahced Leadclarship
Job Candidate Skills Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate Z (Plurality)
e Candidate C (Cardinal)
e Candidate X (Plurality / Ranked-Choice)
Item 10:
:'gc,.,mn 111 1 I 1rIr ‘ :'gc,.,mn [ I 1 11T
Techlnical Balahced Leadclership

Techlnical Balahced
Job Candidate Skills
Based on the preferences of the hiring committee members in the graph
above, which job candidate do you think should be hired?
e Candidate N (Ranked-Choice)
e Candidate Q (Cardinal)

Leadclership
Job Candidate Skills
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e Candidate J (Plurality)

Table Stimuli Item:
[Note: Participant’s were randomized to 1 of the 6 different counter-balanced formats below. ]

Instructions:
Now we are going to ask you a similar question, however, this time we are going to show you
committee members' preferences in a different format.

Nine hiring committee members were asked to provide their hiring preference for three job
candidates (candidates: "J", "M", and "E"). The table below shows the nine hiring committee
members' 1st, 2nd, and 3rd preference.

Version 1 Version 2
Preference Preference
Member 1st 2nd 3rd Member 1st 2nd 3rd
1 J M E 1 E M J
2 J M E 2 E M J
3 J M E 3 E M J
4 J M E 4 J M E
5 M E J 5 J M E
6 M E J 6 J M E
7 E M J 7 J M E
8 E M J 8 M E J
9 E M J 9 M E J
Version 3 Version 4
Preference Preference
Member 1st 2nd 3rd Member 1st 2nd 3rd
1 M E J 1 J M E
2 M E J 2 J M E
3 J M E 3 J M E
4 J M E 4 J M E
5 J M E 5 E M J
6 J M E 6 E M J
7 E M J 7 E M J
8 E M J 8 M E J
9 E M J 9 M E J
Version 5 Version 6
Preference Preference
Member 1st 2nd 3rd Member 1st 2nd 3rd
1 E M J 1 M E J
2 E M J 2 M E J
3 E M J 3 E M J
4 M E J 4 E M J
5 M E J 5 E M J
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Based on the preferences of the hiring committee members in the table above, which job
candidate do you think should be hired?

e Candidate J (Plurality)

e Candidate M (Cardinal)

e Candidate E (Ranked-Choice)
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A4. Voting system introduction

Note: Participants were formally introduced to cardinal, plurality, and ranked-choice voting in
this block. The voting system order was randomized for each participant.

Cardinal Voting

One method to determine election outcomes is to focus on the distances between each
candidate and the voters. This is called Cardinal voting. In Cardinal voting the
candidate that is closest on average to the voters wins. In the figures below we show
the distances between the four voters and the three candidates.

As you can see, C is the farthest away from the voters on average - the arrows are the
longest and the average distance is 72.5. A and B are both closer to the voters on
average, though the average distances for B (42.5) is somewhat shorter than for A
(52.5). Thus, according to cardinal voting, Candidate B would win.

Distances to Candidate C

Hiring Committee I I 1 i i
Preferences — 5 50

—
Avg. distance = 72.5

Technical Balanced Leadership

Job Candidate Skills

Distances to Candidate A

Hiring Committee >0 1 | |
Preférences %g <

110
Avg. distance = 52.5
T 1 T
Technical Balanced Leadership

Job Candidate Skills

Distances to Candidate B

Hiring Committee I I > " I I

Preférences 10 €

5 &
Avg. distance = 42.5

Technical Balanced Leadership

Job Candidate Skills

How fair is Cardinal VVoting? [Likert-scale 1-5 response]
| 1. completely unfair | 2. | 3. | 4. | 5. completely fair |
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Plurality Voting

One method to determine election outcomes is to allow all voters to choose only one
candidate and the candidate with the most votes wins. This is called Plurality voting.
Plurality voting prioritizes selecting a winner who has the single most support. A
winning candidate in a plurality system needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.

For example, in the graph below “Candidate A,” has 4 out of 9 hiring committee
members support (as noted by the red letters below the hiring preferences).
“Candidate B” has 2 out of the 9 hiring committee members support. “Candidate C”
has 3 out of the 9 hiring committee members support. Using a Plurality voting
system, Candidate A would win, even though they did not receive more than 50% of
the votes.

Hiring Committee 1 'l 1 1 1
Preferences A A AA BB c c cC

Technical Balanced Leadership

Job Candidate Skills

How fair is Plurality Voting? [Likert-scale 1-5 response]
| 1. completely unfair | 2. | 3. | 4. | 5. completely fair |

Ranked-Choice Voting

One method to determine election outcomes is to focus on how each voter ranks the
candidates (e.qg., first, second, third preference). This is called Ranked-Choice
voting. Ranked-Choice voting prioritizes majority approval and a winning candidate
must have over 50% of the total votes. This works by first counting all voters' first
preference and seeing if any candidate has over 50% support. If so, this candidate
wins. If not, then the candidate with the least amount of support is “eliminated” and
their votes are re-assigned to their next favorite candidate. The votes are then counted
again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the graph below, there are four voters who are very close to
Candidate A, so A gets first place for these four. There are two voters who are closest
to B, and there are three voters who are closest to C. Although A has the most first
place votes (4 out of 9), A does not have over 50% of the votes. Because B has the
fewest first place votes, B would be removed as a candidate, and B’s votes would be
reassigned. In this case, the two voters closest to B would be reassigned to C, because
they are closer to C (their 2nd choice) than to A (their 3rd choice). Once B is
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removed, there are 5 votes for C, and 4 votes for A, so Candidate C would win.

iri i 1 11 11 1 | | Ranki
Proterences 0 (A A AA sg ¢ ¢¢ e
cC C cc A A A A A 3rd

I 1 1
Technical Balanced Leadership

Job Candidate Skills

How fair is Ranked-Choice Voting? [Likert-scale 1-5 response]
| 1. completely unfair | 2. | 3. | 4. | 5. completely fair |
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Ab5. Voting system comprehension

Instructions:
The next few pages will ask you to identify which job candidate should be hired based on the

different ways to determine elections that you just learned about.

We will present the logos below to help you remember how the different methods work.
e Cardinal voting focuses on the distances between each candidate and the voters. The
candidate that is closest on average to the voters wins.

= I I |
-
—

e Ranked-Choice voting first counts all voters' first preference and sees if any candidate
has over 50% support. If so, this candidate wins. If not, then the candidate with the least
amount of support is "eliminated™ and their votes are re-assigned to their next favorite
candidate. The votes are then counted again to see if a candidate has over 50% support.

Ranking
qst
2nd
3rd

I
AA
BB
cc

QWP -
O WP -
POW=—
P OW=—
P 0O -
WO —
P WO

e Plurality voting has each voter pick one candidate and the winning candidate is the one
with the most votes, even if they do not have over 50% of the total votes.

1711 1 11
A A AA B B B e e

Learning item la:
This question is about Cardinal Voting

= 1 1 T

—

Hiring Committee I I I | I I I I |
Preferences

Technical Balanced Leadership

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?
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[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate R

e Candidate T (correct answer)

e Candidate M

Learning item 1b:
This question is about Plurality Voting

111 | R B |
A A AA B B e ¢ ¢

Hiring Committee I I I | I I I I |
Preferences

Technical Balanced Leadership

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate R (correct answer)

e Candidate T

e Candidate M

Learning item 1c:
This question is about Ranked-Choice Voting

Ranking
qst

O WP -
OWP=_ -
»OW=
»OW—
PWO=
PWO=
PWO=

AA
BB 2nd
cc 3rd
Hiring Committee | | | | I I I I |
Preferences
T T T
Technical Balanced Leadership

Job Candidate Skills
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In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?

[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate R

e Candidate T

e Candidate M (correct answer)

Learning item 2a:
This question is about Cardinal Voting

= I -

—

Hiring Committee Il I |
Preferences

Technical Balanced Leadership

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?

[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate Y

e Candidate L (correct answer)

e Candidate U

Learning item 2b:
This question is about Plurality Voting

111
A A AA

0 w—
[
(2]
(2]
(2]
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Hiring Committee Il I |
Preferences

Technical Balanced Leadership

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate Y (correct answer)

e Candidate L

e Candidate U

Learning item 2c:
This question is about Ranked-Choice Voting

Ranking
qst

P 0O -
P WO —
P00 -

1 11
A A AA B B
B B BB ccC 2nd
c Cc cc A A 3rd

Hiring Committee Il I |

Preferences

1 1 1
Technical Balanced Leadership

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?

[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate Y

e Candidate L

e Candidate U (correct answer)

Learning item 3a:
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This question is about Cardinal Voting

Hiring Committee I | | | | I |
Preferences

Techlnical Balahced Leadérship
Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?

[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate Q

e Candidate K (correct answer)

e Candidate J

Learning item 3b:
This question is about Plurality Voting

111 I
A A AA B

00—
0
(2]
(2]

Hiring Committee | | | | | I |
Preferences

Techlnical Balahced Leadérship

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate Q

e Candidate K

e Candidate J (correct answer)
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Learning item 3c:
This question is about Ranked-Choice Voting

Ranking
1st

| I | 1 1 1
A A B B c c C
B B BB cc B B B 2nd
c ¢ cc A A A A A 3rd

Hiring Committee | | | | | I | I I I | I

Preferences

T T T
Technical Balanced Leadership

Job Candidate Skills

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?

[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate Q (correct answer)

e Candidate K

e Candidate J
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A6. Declared voting system preferences

1. Which of the three voting systems below do you think is best?
(see figures and descriptions below if you need a reminder)
A. Ranked-Choice
B. Plurality
C. Cardinal

[the figures and explanations below were included as a reminder to participants]
Which of the three voting systems below do you think is best?

Remember:

« In Cardinal voting a winning candidate is the candidate who is closest on average to the
all of the voters. The figure below provides an example of how cardinal voting works for
calculating the score of a Candidate by measuring the distance from each member of the
hiring committee.

« In Ranked-Choice voting a winning candidate must have over 50% of the total votes.
This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least
amount of support is "eliminated” and their votes are re-assigned to their next favorite
candidate. The votes are then counted again to see if a candidate has over 50% support.
The figure below shows how ranked-choice voting works. The red letters represent
preference rankings for each member of the hiring committee. The top row is the first
pick, the middle row is the second favorite, and the bottom row is the least favorite.

Ranking
1st
2nd
3rd

owr=
owr=—

o

o
»OWm=
> OW—
PWO=
PWO—
PWO=

« In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win. The figure
below shows how plurality voting works.

1T 11 11 11
A A AA B B € e

2. How fair do you think each of the following voting systems are? [Likert-scale 1-5 ratings:
1=very unfair, 5=very fair]

2a. Ranked-Choice

2b. Plurality

2c. Cardinal

110



A7. Self-reported political knowledge, behavior, and beliefs

Note: Descriptive statistics are included from Study 1 along with Question text.

Question Text
n (%)  Answer Text

Q1. “Right now most elections in the United States, for local, state, and federal office, use the Plurality
voting system. Do you feel like laws should be changed to switch to either a Ranked-Choice or
Cardinal voting system instead?”

96 (34%) Keep using the Plurality voting system
48 (17%) No preference
140 (49%) Change the laws to switch to using a Cardinal or Ranked Choice voting system

Q2. “Is it possible in the United States for Candidate A to get more total votes than Candidate B, but for
Candidate B to win the electoral college, so that Candidate B becomes president instead of
Candidate A?”

240 (85%) Yes, this is possible and has happened
10 (4%) Yes, itis possible but it has not happened in modern history
5 (2%) No, this is not possible
29 (10%) I'm not sure

Q3. “Thinking for a moment about the way in which the president is elected in this country, which would
you prefer?”
54 (19%) Keep the current system, in which the candidate who wins the most votes in the Electoral
College wins the election
33 (12%) No preference
197 (69%) Amend the Constitution or change the current system so the candidate who receives the
most total votes nationwide wins the election.

Q4. “Were you eligible to vote in the 2020 United States Presidential election?”
256 (90%) Yes
28 (10%) No

Q5. “Did you vote in the 2020 United States Presidential election?”
234 (82%) Yes
50 (18%) No

Q6. “How important is voting?” [Likert-scale 1-5 response]
2 (1%) 1-not very important
1 (0%) 2-
13 (5%) 3-
41 (14%) 4-
227 (80%) 5-very important

Note: n refers to participant count responses. N = 284. Question #3 is from the 2020 Pew
Research Center’s American Trends Panel [https://www.pewresearch.org/wp-
content/uploads/2020/03/Electoral-College-topline.pdf]
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A8. Demographic Questions

. What is your age? [fill in the blank]

. What is your gender?

e Male

e Female

e Non-binary

e Other / prefer not to say

. What ethnicity do you consider yourself to be?
American Indian / Alaska Native

Asian

Black / African American

Hispanic / Latino

Native Hawaiian / Other Pacific Islander
White / Caucasian

Other

Do you live in the United States of America?
e Yes
e No

. What is your highest level of education you have attained?

Not applicable

We did not attend high school

We did not complete high school

We completed high or got a G.E.D.

We completed some college classes but We did not receive a degree
We received an associate’s degree

We received a bachelor’s degree

We attended graduate school but did not receive a degree

We received a graduate degree (master’s MBA, Ph.D., etc)
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Appendix B. Study 2 Survey Materials

B1. How to read graph introduction

This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

There is a hiring committee of people who work for the company who have different preferences
of the types of candidates they want to hire. The question is how to decide which candidate to
hire based on the preferences of the committee members. We will be showing you figures like
the one below. This figure shows the skillset of job candidates in terms of having either a
specialist skillset (-100), a generalist skillset (100), or a balanced skillset somewhere between
these two ends (0).

Hiring Committee
Preferences

Specialist Generalist

Job Candidate Skill Set

A specialist is someone who has a very targeted skillset (i.e., being extremely skilled at a
narrowly defined ability, but not being able to do as many things as a generalist). A generalist is
someone who has a very broad skillset (i.e., being able to do many things, although not as well as
a specialist at any one task).

Both specialists and generalists can be equally valuable to companies. Whether it is better to hire
more of a specialist or a generalist, depends on the preferences of the hiring committee
members.

Black lines represent individual preferences of members on the hiring committee.

For example, Anna prefers to hire someone who has a generalist skillset.
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Hiring Committee |
Preferences Anna

Specialist Generalist

Job Candidate Skill Set

Blue lines represent job candidates. Here there are two job candidates. Candidate "A™ has more
of a specialist skillset. Candidate "B" has more of a generalist skillset.

The figure below shows that the two members of the hiring committee, Joe and Anna, both
want a candidate with a high level of generalist skillset. In this case, both of their preferences
match well with the skills of candidate ""B*". In this example, candidate "B" should be hired.

Hiring Committee | |
Preferences Joe Anna
T T T
Specialist Generalist

Job Candidate Skill Set

The figure below shows four black lines. These lines represent the preferences of the four
members of the hiring committee. From now on we will hide the names of members on the
hiring committee just to make the diagram less cluttered.

Three members of the hiring committee want a candidate with a balanced skillset (somewhere
between a specialist and a generalist), and one member wants to hire a candidate with a strong
generalist skillset.

In this example, candidate "B is a good match for 3 of the 4 members of the hiring committee.
Only one member of the hiring committee is aligned with candidate "C", who has a more
generalist skillset. Candidate "A", who has a more specialist skillset, is not close to any members
of the hiring committee.
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A B C

Candidates I I I

Hiring Committee | | | |
Preferences

Specialist Generalist

Job Candidate Skill Set
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B2. Graph comprehension

QL. For the purposes of this study, is a Generalist or a Specialist skill set better for a job
candidate?
e Specialist
e Generalist
e It depends on the preferences of the hiring committee members.  (Correct Answer)

If incorrect answer is chosen, following message was displayed:

Incorrect! For the purposes of this study, both specialists and generalists can be equally
valuable to companies. Whether it is better to hire more of a specialist or a generalist,
depends on the preferences of the hiring committee members.

If correct answer is chosen, following message was displayed:
Correct! For the purposes of this study, both specialists and generalists can be equally

valuable to companies. Whether it is better to hire more of a specialist or a generalist,
depends on the preferences of the hiring committee members.

Q2. The figure below shows the skillsets of three job candidates ("A", "B", and "C"). In addition,
this figure shows five black lines, which represent the preferences of the five members of the
hiring committee.

Hiring Committee | | | | |
Preferences

Specialist Generalist

Job Candidate Skill Set

Q2a. Based on the graph above, which job candidate do you think should be hired?
[website allowed single choice)

e Candidate A (Correct Answer)

e Candidate B

e Candidate C

Q2b. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)
[website allowed click-and-drag functionality for rankings]

e Candidate A (Correct Answer)
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e Candidate B
e Candidate C

Q2c. Rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)
[website had a range slider]

e Candidate A (Correct Answer)

e Candidate B

e Candidate C

Q3. The figure below shows the skillsets of three job candidates ("E", "C", and ""S"). In addition,
this figure shows four black lines, which represent the preferences of the four members of the
hiring committee.

Hiring Committee | | | |
Preferences

Specialist Generalist

Job Candidate Skill Set

Q3a. Based on the graph above, which job candidate do you think should be hired?
[website allowed single choice)

e Candidate E

e Candidate C (Correct Answer)

e Candidate S

Q3b. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)
[website allowed click-and-drag functionality for rankings]

e Candidate E

e Candidate C (Correct Answer)

e Candidate S

Q3c. Rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)
[website had a range slider]

e Candidate E

e Candidate C (Correct Answer)

e Candidate S

Q4. The figure below shows the skillsets of three job candidates ("J", "R", and "P"). In addition,
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this figure shows six black lines, which represent the preferences of the six members of the
hiring committee.

Hiring Committee | | | | | |
Preferences

Specialist Generalist

Job Candidate Skill Set

Q4a. Based on the graph above, which job candidate do you think should be hired?
[website allowed single choice)

e Candidate J

e Candidate R (Correct Answer)

e Candidate P

Q4b. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)
[website allowed click-and-drag functionality for rankings]

e Candidate J

e Candidate R (Correct Answer)

e Candidate P

Q4c. Rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)
[website had a range slider]

e Candidate J

e Candidate R (Correct Answer)

e Candidate P

Note: The order of each response choice was randomized for each item.
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B3. Who Won the Election Task

[Note: All items and item choices were presented in random order. Version A & B refer to
counterbalancing stimuli. Version B is a "mirror reflection™” of Version A's data. Participants
completed both versions, at different time points. Participants were randomly assigned to
complete either Version A or Version B first. The left-side images comprise Version A, and the
right-side images comprise Version B. The voting system consistent with choosing a particular
candidate is noted in the items below in italics.]

For each item participants answered three questions which appeared below each graph.

. Based on the above graph, which job candidate do you think should be hired?
Candidate A
Candidate B
Candidate C

e o o |-

2. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)

e Candidate A

e Candidate B

e Candidate C

3. Rate the candidates based on who should be hired.
(100=most fair to hire; 0=least fair to hire)

e Candidate A

e Candidate B

e Candidate C

The stimuli items are presented below.

Item 1:
Hiring Commitioe r'rri 1l I || Hiring Commitioe 1 I I I 1rrrni
Speclialist I Genelralist Speclialist I Genelralist

Job Candidate Skill Set Job Candidate Skill Set
e Candidate K (Plurality)
e Candidate A (Ranked-Choice / Cardinal)
e Candidate S (None)

Item 2:
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ﬁll I” [

Candidates
Hiring Committee

:;zb;%:r:;c;ég‘mee I I I Preferences
Speclialist Gene'ralist Speclialist Gene'ralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate C (Plurality)
e Candidate Z (Cardinal)
e Candidate G (Plurality / Ranked-Choice)
Item 3:
:'gmm.t 1 Tl 1 : Tl ;.'mm.t i 1 il 1
Speclialist Gene'ralist Speclialist Gene'ralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate A (None)
e Candidate O (Cardinal)
e Candidate F (Plurality / Ranked-Choice)
Item 4:
::,e.?e%f:cr:?me o | ::,e.?e%f:cr:?me nle T no
Spec;ialist Gene':ralist Spec;ialist Gene':ralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate N (Plurality)
e Candidate L (Cardinal)
e Candidate W (Ranked-Choice)
Item 5:
poen conmioo T t bt g conmieo | T t "'
Spec;ialist Gene':ralist Spec;ialist Gene':ralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate | (Plurality)

e Candidate Q

e Candidate Z (None)

(Cardinal / Ranked-Choice)

Item 6:
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Candidates I |
Hiring Committee 1Tl 1 |
Preferences

IIIII

Preferences

Candidates
Hiring Committee | 11 TTT 1 1

Speéialist Genéralist Speéialist Genéralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate U (Ranked-Choice)
e Candidate S (Cardinal)
e Candidate J (Plurality)
Item 7:
;.r,;egr::g?.tee Vi S R B ;.r,;egr::g?.tee ‘\ [ . T
Speclialist Gene':ralist Speclialist Gene':ralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate T (Cardinal)
e Candidate K (Plurality / Ranked-Choice)
Item 8:
‘ L M : ‘ K C
:'gmm N RIRIEERIRAL i :'gmm R IRBAE RIBSRERIAR
Speclialist Genéralist Speclialist Genéralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate L (Ranked-Choice)
e Candidate M (Cardinal)
e Candidate U (Plurality)
Item 9:
:'gmm i oy o :'gmm o o TR
Speclialist Genéralist Speclialist Genéralist
Job Candidate Skill Set Job Candidate Skill Set
e Candidate Z (Plurality)
e Candidate C (Cardinal)
e Candidate X (Plurality / Ranked-Choice)
Item 10:
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Candidates 11
Hiring Committee | | 11 1 I'1
Preferences

Frrri

o

Candidates
Hiring Committee
Preferences

'rri Il

Spec;ialist
Job Candidate Skill Set
e Candidate N
e Candidate Q
e Candidate J

T
Generalist

Spec;ialist
Job Candidate Skill Set

(Ranked-Choice)

(Cardinal)
(Plurality)

T
Generalist
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B4. Voting system introduction

[Note: Participants were formally introduced to cardinal, plurality, and ranked-choice voting in
this block. The voting system order was randomized for each participant.]

[Cardinal]
One method to determine election outcomes is to focus on the distances between each candidate

and the voters. This is called cardinal voting. In cardinal voting the candidate that is closest on
average to the voters wins. In the figures below we show the distances between the four voters
and the three candidates.

As you can see, C is the farthest away from the voters on average - the arrows are the longest and
the average distance is 72.5. A and B are both closer to the voters on average, though the average
distances for B (42.5) is somewhat shorter than for A (52.5). Thus, according to cardinal

voting, candidate B would win.

Distances to candidate C

i 130

Proferencog  ttee 2 100
—> 10
Avqg. distance = 72.5
| || |
Specialist Generalist
Job Candidate Skill Set
Distances to candidate A
g Sartes I ' '
Avg. distance = 52.5
| || |
Specialist Generalist

Job Candidate Skill Set
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Distances to candidate B

i > 70 |
—_—> 40
10 €—
50
Avg. distance = 42.5

Hiring Committee
Preférences

Specialist Generalist

Job Candidate Skill Set

How fair is cardinal voting? Rate from very fair (100) to not very fair (0). [slider
question format]

[Plurality]

One method to determine election outcomes is to allow all voters to choose only one candidate
and the candidate with the most votes wins. This is called plurality voting. Plurality voting
prioritizes selecting a winner who has the single most support. A winning candidate in a plurality
system needs to have more votes than any other candidate but does not necessarily need to have
over 50% of the votes to win.

For example, in the graph below “Candidate A” has 4 out of 9 hiring committee members
support (as noted by the red letters below the hiring preferences). “Candidate B” has 2 out of the
9 hiring committee members support. “Candidate C” has 3 out of the 9 hiring committee
members support. Using a Plurality voting system, Candidate A would win, even though they did
not receive more than 50% of the votes.

[
c c¢cc

Hiring Committee I '
Preferences A A AA

Specialist Generalist

Job Candidate Skill Set

How fair is plurality voting? Rate from very fair (100) to not very fair (0). [slider
question format]

[Ranked-Choice Voting]

One method to determine election outcomes is to focus on how each voter ranks the candidates
(e.g., first, second, third preference). This is called ranked-choice voting. Ranked-choice voting
prioritizes majority approval and a winning candidate must have over 50% of the total votes.
This works by first counting all voters' first preference and seeing if any candidate has over 50%
support. If so, this candidate wins. If not, then the candidate with the least amount of support is
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“eliminated” and their votes are re-assigned to their next favorite candidate. The votes are then
counted again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the graph below, there are four voters who are very close to Candidate A, so A
gets first place for these four. There are two voters who are closest to B, and there are three
voters who are closest to C. Although A has the most first place votes (4 out of 9), A does not
have over 50% of the votes. Because B has the fewest first place votes, B would be removed as a
candidate, and B’s votes would be reassigned. In this case, the two voters closest to B would be
reassigned to C, because they are closer to C (their 2nd choice) than to A (their 3rd choice). Once
B is removed, there are 5 votes for C, and 4 votes for A, so Candidate C would win.

iri i I 1T 11 [ | I 1 Rankin
Preterences . A A AA BE ¢ CC ring
B B BB ccC B B B 2nd
C C cCc A A A A A grd
|| T 1
Specialist Generalist

Job Candidate Skill Set

How fair is ranked-choice voting? Rate from very fair (100) to not very fair (0).
[slider question format]
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B5. Voting system comprehension

[Note: Participants completed the voting system comprehension twice in study 2. The two tests
were mirrored versions of each other, any differences are superficial. Participants were
randomized to complete either version A or version B first.]

Instructions:
The next few pages will ask you to identify which job candidate should be hired based on the

different ways to determine elections that you just learned about.

We will present the logos below to help you remember how the different methods work.
e Cardinal voting focuses on the distances between each candidate and the voters. The
candidate that is closest on average to the voters wins.

= I -
Fa—
—

e Ranked-Choice voting first counts all voters' first preference and sees if any candidate
has over 50% support. If so, this candidate wins. If not, then the candidate with the least
amount of support is "eliminated™ and their votes are re-assigned to their next favorite
candidate. The votes are then counted again to see if a candidate has over 50% support.

Ranking
qst
2nd
3rd

OWP=—
OWP=—
w
w
POW=—
POW—
POO=—

e Plurality voting has each voter pick one candidate and the winning candidate is the one
with the most votes, even if they do not have over 50% of the total votes.

11 1 |
A A A B c

Learning item 1a:
This question is about Cardinal VVoting
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Version A Version B

Hiring Committee | | | 11 1 | Hiring Committee 11 1 1
rences Pref

Specialist Generalist Specialist Generalist

Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?

[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate R

e Candidate T (correct answer)

e Candidate M

Learning item 1b:
This question is about Plurality Voting

A A A B [o4
Version A Version B
viring commies | T T 171 I R e Hiring Gommities T I T i
Preferences Preferences
Spe(l:ialist I Genelralist Specl;ialist I Genelralist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate R (correct answer)

e Candidate T

e Candidate M

Learning item 1c:
This question is about Ranked-Choice Voting

Ranking
qst
2nd
3rd

OWP=—
QWP =—
w
w
POD=—
POW—
POO—
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Version A Version B

Hiring Committee 1 1 11 1 11 Hiring Committee | | 1 i
f Preferences

Spe(I:iaIist I Genéralist Spetlzialist I Genelzralist
Job Candidate Skill Set Job Candidate Skill Set
In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?

[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate R

e Candidate T

e Candidate M (correct answer)

Learning item 2a:
This question is about Cardinal VVoting

= o -
Version A Version B
Hiring Commities 1 T s B R B B B Hiring Gommities 1 8 I Ry o |
Preferences Preferences
Spe(l:ialist I Genéralist Specl;ialist I Genéralist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?

[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate Y

e Candidate L (correct answer)

e Candidate U

Learning item 2b:
This question is about Plurality Voting

128



Version A Version B

[ (| T Ir Hiring Committee o [ o

eeeeeeeeeee

Hiring Committee
Preferences

Specialist Generalist Specialist Generalist

Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate Y (correct answer)

e Candidate L

e Candidate U

Learning item 2c:
This question is about Ranked-Choice Voting

1 11 11 1 Ranking

A A AA B B c 1st

B B BB cc B 2nd

c € cc A A A 3rd

Version A Version B
Hiring Commities 1 T s B R B B B Hiring Gommities 1y B o B o
Preferences Preferences
Specialist Generalist Specialist Generalist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?

[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate Y

e Candidate L

129



e Candidate U (correct answer)

Learning item 3a:
This question is about Cardinal Voting

— 1 1 T
7|
Version A Version B
biring commites | TT TT 1711 o g commites |1 TTT T B B I
Preferences Preferences
Spe(I:iaIist I Genéralist Spetlzialist I Genéralist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?

[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate Q

e Candidate K (correct answer)

e Candidate J

Learning item 3b:
This question is about Plurality Voting

A A A B c
Version A Version B
biring commites | TT TT 1711 i biing commites | T T T [ B e e
Preferences Preferences
Speéialist ‘ Genéralist Speclsialist I Gene'ralist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate Q

e Candidate K
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e Candidate J (correct answer)

Learning item 3c:
This question is about Ranked-Choice Voting

111 11 1 Ranking

A A AA BB c qst

B B BB (3K - B 2nd

€ & et A A A 3rd

Version A Version B

fiing commites | TT TT 1711 o siing commives | 1T T T B i
Preferences Preferences

Specialist Generalist Specialist Generalist

Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?

[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate Q (correct answer)

e Candidate K

e Candidate J

Learning item 4a:
This question is about Cardinal Voting

|——>  1 : 1 T
2|
Version A Version B
virng commies | TTTTTTTTTI T g commites | T TTT 111 1
Preferences Preferences
Spe(lzialist I Genelralist SpecI:iaIist I Genéralist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Cardinal voting system?
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[Remember: In Cardinal voting a winning candidate is the candidate who is closest on average
to all of the voters.]

e Candidate T

e Candidate X (correct answer)

e Candidate P

Learning item 4b:
This question is about Plurality Voting

A A A B c
Version A Version B
wiring commites | TTTTT  TTTTI I g commites | T TTT 111 e T
Preferences Preferences
Speéialist ‘ Genéralist Speclsialist I Gene'ralist
Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Plurality voting system?

[Remember: In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.]

e Candidate T

e Candidate X

e Candidate P (correct answer)

Learning item 4c:
This question is about Ranked-Choice Voting

1 11 1 VI 1 Ranking

A A AA B B c 1st

B B BB ccC B 2nd

c € cc A A A 3rd

Version A Version B

wiring commites | TTTTT  TTTTI I biring commites | T TTT 111 e T
Preferences Preferences

Specialist Generalist Specialist Generalist

Job Candidate Skill Set Job Candidate Skill Set

In regards to the information presented in the graph above... which candidate would be chosen as
the winner in a Ranked-Choice voting system?
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[Remember: In Ranked-Choice voting a winning candidate must have over 50% of the total
votes. This works by first counting all voters first preference and seeing if any candidate has
over 50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated” and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.]

e Candidate T (correct answer)

e Candidate X

e Candidate P
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B6. Declared voting system preferences

Q1. Which of the three voting systems below do you think is most fair?
[see figures and descriptions below if you need a reminder]

e Ranked-Choice

e Plurality

e Cardinal

Q2. Order the voting systems below (drag and drop list items), from most fair (top) to least fair
(bottom).

e Ranked-Choice
e Plurality
e Cardinal

Q3. Rate the voting systems below, from very fair (100) to not very fair (0).
e Ranked-Choice

e Plurality
e Cardinal
Remember:

« Incardinal voting a winning candidate is the candidate who is closest on average to the
all of the voters. The figure below provides an example of how cardinal voting works for
calculating the score of a Candidate by measuring the distance from each member of the

hiring committee.
| B G

| I | I

AAI

« Inranked-choice voting a winning candidate must have over 50% of the total votes. This
works by first counting all voters first preference and seeing if any candidate has over
50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate.
The votes are then counted again to see if a candidate has over 50% support. The figure
below shows how ranked-choice voting works. The red letters represent preference
rankings for each member of the hiring committee. The top row is the first pick, the
middle row is the second favorite, and the bottom row is the least favorite.
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! [ l
1T 11 1 | Ranking
A A AA B B C 1st
B B BB cC B 2nd
C € CC A A A 3rd

« In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win. The figure
below shows how plurality voting works.

A, B C
| I [

11
A A A 3 c
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B7. Teaching Interventions

Note: Participants were randomly assigned to one of 4 teaching interventions: retrieval practice,
re-study, discovery learning, and a control (no intervention) condition. Every condition (except
the control condition) was exposed to three different “voting system quirks” which were the
center squeeze phenomenon, violation of the majority criterion, and the spoiler effect—each of
which show notable weaknesses in ranked-choice, cardinal, and plurality voting, respectively.

Condition: Retrieval Practice
[Retrieval Practice: Center Squeeze Example]
On the next few pages you will be walked through a specific voting example called the “Center
Squeeze Phenomenon," which shows how ranked-choice voting can hurt moderate or “middle-

of-the-road” candidates.

...but first we will ask you to determine the results of an election using different voting systems.

Item 1A (Retrieval Practice, Center Squeeze, Cardinal item).

Hiring Committee ”” " || ||“ ” ||| ” ”

Preferences

Specialist Generalist

Job Candidate Skill Set

Based on the above graph... which candidate would be chosen as the winner in a cardinal voting
system?

e Candidate A

e Candidate B (correct answer)

e Candidate C

If correct answer is chosen, following message was displayed:
Correct! Candidate B would be chosen as the winner in a cardinal voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate B would be chosen as the winner in a cardinal voting system.
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Item 1B (Retrieval Practice, Center Squeeze, Plurality item).

Hiring Committee ”” " || ||“ ” ||| ” ”

Preferences

Specialist Generalist

Job Candidate Skill Set

Based on the above graph... which candidate would be chosen as the winner in a plurality
voting system?

e Candidate A (correct answer)

e Candidate B

e Candidate C

If correct answer is chosen, following message was displayed:
Correct! Candidate A would be chosen as the winner in a plurality voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate A would be chosen as the winner in a plurality voting system.

Item 1C (Retrieval Practice, Center Squeeze, RCV item).

Hiring Committee ”” " || ||“ ” ||| ” ”

Preferences

Specialist Generalist

Job Candidate Skill Set

Based on the above graph... which candidate would be chosen as the winner in a ranked-choice
voting system?

e Candidate A

e Candidate B

e Candidate C (correct answer)

If correct answer is chosen, following message was displayed:
Correct! Candidate C would be chosen as the winner in a ranked-choice voting system.
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If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate C would be chosen as the winner in a ranked-choice voting system.

You will now be walked through the “Center Squeeze Phenomenon."

A B C

I I |
Hiring Committee II” "ll ||“ ” | | ” ”

Preferences

Specialist Generalist

Job Candidate Skill Set

Who wins according to plurality and ranked-choice voting?
« 8 voters have candidate A as their favorite (8/21 voters or 38%). Therefore, A wins
according to plurality.
e 6 voters have candidate B as their favorite (6/21 voters or 29%), and
e 7 voters have candidate C as their favorite (7/21 voters or 33%). C wins according to
ranked-choice voting, because we would eliminate B, since no candidate has over 50%,
giving C 12 of the 21 votes (57%).

A X Eliminated C
I | 1T 11

Hiring Committee | | ” " | | | | “ ”
Preferences

Specialist Generalist

Job Candidate Skill Set

Who wins according to cardinal voting?
o Candidate A is the furthest from the voters with an average distance of 74.4,
« Candidate B is the closest to the voters with an average distance of 57.6. Therefore, B
wins according to cardinal voting.
« Candidate C is the second closest to the voters with an average distance of 73.1.

Why is this "center squeeze™ example problematic for ranked-choice and plurality voting?
In this "center squeeze™ example, there is a fairly good middle-of-the-road candidate, but ranked-
choice and plurality voting instead choose extreme candidates.

Think about it this way - imagine that the voters were the same but instead of having three
candidates there were only two. If this was just an election with A vs B, B would win. If this was
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just an election of B vs C, B would win. If there was an election of A vs C, C would win. So in
the head-to-head comparisons B wins two of the three elections.

In sum, this example shows that ranked-choice voting can favor a more extreme candidate (C),
and plurality can also favor a more extreme candidate (A), as opposed to more middle-of-the-
road candidate picked by cardinal (B).

[Retrieval Practice: Majority Criterion Violation Example]

On the next few pages you will be walked through a specific voting example called the “Majority
Criterion Violation," which demonstates how in cardinal voting it is possible for a candidate to
lose despite having a majority of the first places votes.

...but first we will ask you to determine the results of the an election using different voting
systems.

Item 1A (Retrieval Practice, Majority Criterion, Cardinal item).
Based on the above graph... which candidate would be chosen as the winner in a cardinal voting
system?

Hiring Committee II I”l | | ||“|| ||

Preferences

Specialist Generalist

Job Candidate Skill Set

e Candidate A
e Candidate B (correct answer)
e Candidate C

If correct answer is chosen, following message was displayed:
Correct! Candidate B would be chosen as the winner in a cardinal voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate B would be chosen as the winner in a cardinal voting system.

Item 1B (Retrieval Practice, Majority Criterion, Plurality item).
Based on the above graph... which candidate would be chosen as the winner in a plurality
voting system?
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Hiring Committee II I”l | | ||“|| ||

Preferences

Specialist Generalist

Job Candidate Skill Set

e Candidate A
e Candidate B
e Candidate C (correct answer)

If correct answer is chosen, following message was displayed:
Correct! Candidate C would be chosen as the winner in a plurality voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate C would be chosen as the winner in a plurality voting system.

Item 1C (Retrieval Practice, Majority Criterion, RCV item).
Based on the above graph... which candidate would be chosen as the winner in a ranked-choice
voting system?

Hiring Committee “ |||| | | ||“|| ||

Preferences

Specialist Generalist

Job Candidate Skill Set

e Candidate A
e Candidate B
e Candidate C (correct answer)

If correct answer is chosen, following message was displayed:
Correct! Candidate C would be chosen as the winner in a ranked-choice voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate C would be chosen as the winner in a ranked-choice voting system.
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You will now be walked through the “Majority Criterion Violation."

I I |
Hiring Committee “ | ”l | | | ”l | | |

Preferences

Specialist Generalist

Job Candidate Skill Set

Who wins according to plurality and ranked-choice voting?
e 7 voters have candidate A as their favorite (7/16 voters or 44%), and
« 1 voter has candidate B as their favorite (1/16 voters or 6%), and
« 8 voters have candidate C as their favorite (8/16 voters or 50%). Therefore, C wins
according to plurality. C also wins according to ranked-choice voting, because we
would eliminate B, since no candidate has over 50% of the total votes, giving C 9 of the
16 votes (56%).

Who wins according to cardinal voting?
o Candidate A is the furthest from all the voters with an average distance of 84.9,
« Candidate B is the closest to the voters with an average distance of 70.6. Therefore, B
wins according to cardinal voting.
« Candidate C is the second closest to the voters with an average distance of 75.4.

Why is this example about the ""majority criterion™ problematic for carinal voting?

In certain situations cardinal voting can lead to winners that very few voters would choose as
their first pick. In the example above, B won according to cardinal, but only one voter was close
to B. Additionally, candidate C lost according to cardinal voting but many more voters are close
to C than B.

[Retrieval Practice: Spoiler Effect Example]

On the next few pages you will be walked through a specific voting example called the “Spoiler
Effect,” which shows how outcomes in plurality voting can be altered by the addition of a third
candidate.

...but first we will ask you to determine the results of the an election using different voting
systems.

Item 1A (Retrieval Practice, Spoiler Effect, Cardinal item).
Based on the above graph... which candidate would be chosen as the winner in a cardinal voting
system?
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Hiring Committee Ill | ” | | | | | ”
Preferences

Specialist Generalist

Job Candidate Skill Set

e Candidate A
e Candidate B (correct answer)

If correct answer is chosen, following message was displayed:
Correct! Candidate B would be chosen as the winner in a cardinal voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate B would be chosen as the winner in a cardinal voting system.

Q1B (Retrieval Practice, Spoiler Effect, Plurality item).
Based on the above graph... which candidate would be chosen as the winner in a plurality
voting system?

Hiring Committee ||| | ” | | | | | ”
Preferences

Specialist Generalist

Job Candidate Skill Set

e Candidate A
e Candidate B (correct answer)

If correct answer is chosen, following message was displayed:
Correct! Candidate B would be chosen as the winner in a plurality voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate B would be chosen as the winner in a plurality voting system.

Q1C (Retrieval Practice, Spoiler Effect, RCV item).
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Based on the above graph... which candidate would be chosen as the winner in a ranked-choice
voting system?

Hiring Committee Ill | ” | | | | | ”
Preferences

Specialist Generalist

Job Candidate Skill Set

e Candidate A
e Candidate B (correct answer)

If correct answer is chosen, following message was displayed:
Correct! Candidate B would be chosen as the winner in a ranked-choice voting system.

If incorrect answer is chosen, following message was displayed:
Incorrect! Candidate B would be chosen as the winner in a ranked-choice voting system.

You will now be walked through a specific voting example called the “Spoiler Effect."

A ;

Hiring Committee III I II | | | | | ”
Preferences

Specialist Generalist

Job Candidate Skill Set

Who wins according to plurality and ranked-choice voting?
e 6 voters have candidate A as their favorite (6/13 voters or 46%), and
e 7 voters have candidate B as their favorite (7/13 voters or 54%). Therefore, B wins
according to both plurality and ranked-choice voting, since the candidate has over
50% of the total votes.

Who wins according to cardinal voting?
o Candidate A is the furthest from the voters with an average distance of 58.7,
« Candidate B is closest to the voters with an average distance of 52.8. Therefore, B wins
according to cardinal voting.
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Imagine the same scenario with a slight difference...
Imagine having three candidates instead of two. Specifically, imagine if there was a third
candidate who was not very popular, like candidate C in the graph below.

A 5 ¢

Hiring Committee Ill | ” | | | | | ”
Preferences

Specialist Generalist

Job Candidate Skill Set

Why is this example about having a third candidate problematic for plurality voting?

In plurality voting, the presence of an unpopular third candidate (like Candidate C) can change
who wins. This could be viewed as strange given that very few people like Candidate C - so why
should C’s decision to join the election affect who wins if C has no chance of winning? This
does not happen with ranked-choice or cardinal voting.

Condition: Re-Study
[Re-Study: Center Squeeze Example]

On the next few pages you will be walked through a specific voting example called the “Center
Squeeze Phenomenon,"” which shows how ranked-choice voting can hurt moderate or “middle-
of-the-road” candidates

Item 1A (Re-Study, Center Squeeze, Cardinal item).

As a reminder:
Cardinal voting focuses on the distances between each candidate and the voters. The candidate
that is closest on average to the voters wins.

Item 1B (Re-Study, Center Squeeze, Plurality item).

As a reminder:
Plurality voting has each voter pick one candidate and the winning candidate is the one with the
most votes, even if they do not have over 50% of the total votes.

Item 1C (Re-Study, Center Squeeze, RCV item).
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As a reminder:

Ranked-Choice voting first counts all voters' first preference and sees if any candidate has over
50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is “eliminated” and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.

You will now be walked through the “Center Squeeze Phenomenon.”
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Who wins according to plurality and ranked-choice voting?
e 8 voters have candidate A as their favorite (8/21 voters or 38%). Therefore, A wins
according to plurality.
e 6 voters have candidate B as their favorite (6/21 voters or 29%), and
e 7 voters have candidate C as their favorite (7/21 voters or 33%). C wins according to
ranked-choice voting, because we would eliminate B, since no candidate has over 50%,
giving C 12 of the 21 votes (57%).

A X Eliminated C
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Who wins according to cardinal voting?
« Candidate A is the furthest from the voters with an average distance of 74.4,
o Candidate B is the closest to the voters with an average distance of 57.6. Therefore, B
wins according to cardinal voting.
o Candidate C is the second closest to the voters with an average distance of 73.1.

Why is this "center squeeze' example problematic for ranked-choice and plurality voting?
In this "center squeeze™ example, there is a fairly good middle-of-the-road candidate, but ranked-
choice and plurality voting instead choose extreme candidates.

145



Think about it this way - imagine that the voters were the same but instead of having three
candidates there were only two. If this was just an election with A vs B, B would win. If this was
just an election of B vs C, B would win. If there was an election of A vs C, C would win. So in
the head-to-head comparisons B wins two of the three elections.

In sum, this example shows that ranked-choice voting can favor a more extreme candidate (C),
and plurality can also favor a more extreme candidate (A), as opposed to more middle-of-the-
road candidate picked by cardinal (B).

[Re-Study: Majority Criterion Violation]

On the next few pages you will be walked through a specific voting example called the “Majority
Criterion Violation," which demonstrates how in cardinal voting it is possible for a candidate to
lose despite having a majority of the first places votes.

Item 1A (Re-Study, Majority Criterion, Cardinal item).

As a reminder:
Cardinal voting focuses on the distances between each candidate and the voters. The candidate
that is closest on average to the voters wins.

Item 1B (Re-Study, Majority Criterion, Plurality item).

As a reminder:
Plurality voting has each voter pick one candidate and the winning candidate is the one with the
most votes, even if they do not have over 50% of the total votes.

Item 1C (Re-Study, Majority Criterion, RCV item).

As a reminder:

Ranked-Choice voting first counts all voters' first preference and sees if any candidate has over
50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is “eliminated” and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.

You will now be walked through the “Majority Criterion Violation."
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Who wins according to plurality and ranked-choice voting?
e 7 voters have candidate A as their favorite (7/16 voters or 44%), and
« 1 voter has candidate B as their favorite (1/16 voters or 6%), and
« 8 voters have candidate C as their favorite (8/16 voters or 50%). Therefore, C wins
according to plurality. C also wins according to ranked-choice voting, because we
would eliminate B, since no candidate has over 50% of the total votes, giving C 9 of the
16 votes (56%).

Who wins according to cardinal voting?
o Candidate A is the furthest from all the voters with an average distance of 84.9,
o Candidate B is the closest to the voters with an average distance of 70.6. Therefore, B
wins according to cardinal voting.
« Candidate C is the second closest to the voters with an average distance of 75.4.

Why is this example about the ""majority criterion™ problematic for carinal voting?

In certain situations cardinal voting can lead to winners that very few voters would choose as
their first pick. In the example above, B won according to cardinal, but only one voter was close
to B. Additionally, candidate C lost according to cardinal voting but many more voters are close
to C than B.

[Re-Study: Spoiler Effect]

On the next few pages you will be walked through a specific voting example called the “Spoiler
Effect,” which shows how outcomes in plurality voting can be altered by the addition of a third
candidate.

Item 1A (Re-Study, Center Squeeze, Cardinal item).

As a reminder:
Cardinal voting focuses on the distances between each candidate and the voters. The candidate
that is closest on average to the voters wins.

Item 1B (Re-Study, Center Squeeze, Plurality item).
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As a reminder:
Plurality voting has each voter pick one candidate and the winning candidate is the one with the
most votes, even if they do not have over 50% of the total votes.

Item 1C (Re-Study, Center Squeeze, RCV item).

As a reminder:

Ranked-Choice voting first counts all voters' first preference and sees if any candidate has over
50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is “eliminated” and their votes are re-assigned to their next favorite candidate. The votes
are then counted again to see if a candidate has over 50% support.

You will now be walked through a specific voting example called the “Spoiler Effect."
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Who wins according to plurality and ranked-choice voting?
o 6 voters have candidate A as their favorite (6/13 voters or 46%), and
e 7 voters have candidate B as their favorite (7/13 voters or 54%). Therefore, B wins
according to both plurality and ranked-choice voting, since the candidate has over
50% of the total votes.

Who wins according to cardinal voting?
o Candidate A is the furthest from the voters with an average distance of 58.7,
« Candidate B is closest to the voters with an average distance of 52.8. Therefore, B wins
according to cardinal voting.

Imagine the same scenario with a slight difference...

Imagine having three candidates instead of two. Specifically, imagine if there was a third
candidate who was not very popular, like candidate C in the graph below.
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Why is this example about having a third candidate problematic for plurality voting?

In plurality voting, the presence of an unpopular third candidate (like Candidate C) can change
who wins. This could be viewed as strange given that very few people like Candidate C - so why
should C’s decision to join the election affect who wins if C has no chance of winning? This

does not happen with ranked-choice or cardinal voting.

Condition: Discovery Learning
[Discovery Learning: Center Squeeze Example]

On the next few pages you will be walked through a specific voting example called the “Center
Squeeze Phenomenon,” which shows how ranked-choice voting can hurt moderate or “middle-
of-the-road” candidates

A B C

I I |
Hiring Committee ”” "ll ||“ ” | | ” ”

Preferences

Specialist Generalist

Job Candidate Skill Set

Who wins according to plurality and ranked-choice voting?
« 8 voters have candidate A as their favorite (8/21 voters or 38%). Therefore, A wins
according to plurality.
« 6 voters have candidate B as their favorite (6/21 voters or 29%), and
e 7 voters have candidate C as their favorite (7/21 voters or 33%). C wins according to
ranked-choice voting, because we would eliminate B, since no candidate has over 50%,
giving C 12 of the 21 votes (57%).
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Who wins according to cardinal voting?
o Candidate A is the furthest from the voters with an average distance of 74.4,
« Candidate B is the closest to the voters with an average distance of 57.6. Therefore, B
wins according to cardinal voting.
« Candidate C is the second closest to the voters with an average distance of 73.1.

We created the interactive graph below to help you answer the following questions.

‘ Reset |

Candidates | | '
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Change candidates in the election: _

A vs B only
B vs C only

A vs C only

[Note: The above figure is a screenshot of the applet. The participant can show/hide candidates

by clicking one of the four buttons next to “change candidates in the election.” When a candidate

is removed the hiring committee member preferences are re-colored by which (present)
candidate they are closest to.]

One way to assess the strength of competing candidate is to examine the outcomes from head-to-

head matchups (i.e., limiting the options to two candidates, in a 1 vs. 1 competition). Using the
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interactive graph above, examine the different 1 vs. 1 comparisons. Are these comparisons
useful? And if so, what do they reveal about problem with ranked-choice and plurality voting?

The name center squeeze phenomenon refers to conditions where middle-of-the-road candidates
are disadvantaged in ranked-choice voting (by middle, we mean candidates somewhere between
two other candidates). What conditions do you think lead to middle candidates being
disadvantaged in ranked-choice voting?

Why is this "'center squeeze' example problematic for ranked-choice and plurality voting?
In this "center squeeze™ example, there is a fairly good middle-of-the-road candidate, but ranked-
choice and plurality voting instead choose extreme candidates.

Think about it this way - imagine that the voters were the same but instead of having three
candidates there were only two. If this was just an election with A vs B, B would win. If this was
just an election of B vs C, B would win. If there was an election of A vs C, C would win. So in
the head-to-head comparisons B wins two of the three elections.

In sum, this example shows that ranked-choice voting can favor a more extreme candidate (C),
and plurality can also favor a more extreme candidate (A), as opposed to more middle-of-the-
road candidate picked by cardinal (B).

[Discovery Learning: Majority Criterion Violation]

On the next few pages you will be walked through a specific voting example called the “Majority
Criterion Violation," which demonstrates how in cardinal voting it is possible for a candidate to
lose despite having a majority of the first places votes.
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Who wins according to plurality and ranked-choice voting?
e 7 voters have candidate A as their favorite (7/16 voters or 44%), and
« 1 voter has candidate B as their favorite (1/16 voters or 6%), and
« 8 voters have candidate C as their favorite (8/16 voters or 50%). Therefore, C wins
according to plurality. C also wins according to ranked-choice voting, because we would
eliminate B, since no candidate has over 50% of the total votes, giving C 9 of the 16
votes (56%).

Who wins according to cardinal voting?
« Candidate A is the furthest from all the voters with an average distance of 84.9,
« Candidate B is the closest to the voters with an average distance of 70.6. Therefore, B
wins according to cardinal voting.
« Candidate C is the second closest to the voters with an average distance of 75.4.

We created the interactive graph below to help you answer the following questions.
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®

Candidates Avg. Distance Score

A 84.9
B 70.6
C 75.4

Note: A lower average distance score is better.

[Note: The above figure is a screenshot of the applet. The participant can manipulate the slider
with the orange dot to change the position of the job candidate “B” in the graph. At the far left
position the B’s average score is 79.8 and at the far right it is 70.3.]

B wins according to cardinal. Do you see any problems with that outcome?

Move around the slider and see how it affects the average distance score for candidate B. What
position on the slider is best for candidate B (i.e., has the lowest score) and what does that tell us
about cardinal voting?

Why is this example about the ‘majority criterion’ problematic for carinal voting?

In certain situations cardinal voting can lead to winners that very few voters would choose as
their first pick. In the example above, B won according to cardinal, but only one voter was close
to B. Additionally, candidate C lost according to cardinal voting but many more voters are close
to C than B.
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[Discovery Learning: Spoiler Effect]

On the next few pages you will be walked through a specific voting example called the “Spoiler
Effect,” which shows how outcomes in plurality voting can be altered by the addition of a third
candidate.
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Who wins according to plurality and ranked-choice voting?
e 6 voters have candidate A as their favorite (6/13 voters or 46%), and
e 7 voters have candidate B as their favorite (7/13 voters or 54%). Therefore, B wins
according to both plurality and ranked-choice voting, since the candidate has over
50% of the total votes.

Who wins according to cardinal voting?
« Candidate A is the furthest from the voters with an average distance of 58.7,
« Candidate B is closest to the voters with an average distance of 52.8. Therefore, B wins
according to cardinal voting.

Imagine the same scenario with a slight difference...
Imagine having three candidates instead of two. Specifically, imagine if there was a third
candidate who was not very popular, like candidate C in the graph below.

We created the interactive graph below to help you answer the following questions.
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Include a third candidate in the -

election:
No

[Note: The above figure is a screenshot of the applet. Participants can show/hide the “third
candidate” (C), by clicking yes or no. The two right-most hiring committee members switch
from supporting candidate C to B, depending on C’s presence.]

What is one possible consequence of adding a candidate to an election using a plurality voting
system?

Why is this example about having a third candidate problematic for plurality voting?

In plurality voting, the presence of an unpopular third candidate (like Candidate C) can change
who wins. This could be viewed as strange given that very few people like Candidate C - so why
should C’s decision to join the election affect who wins if C has no chance of winning? This
does not happen with ranked-choice or cardinal voting.
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B8. Voting System Metacognition

Rate how well you think you understand the different voting systems. (O=Not at all;
100=completely)

e Cardinal

e Plurality

e Ranked-choice voting
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Appendix C. Study 3 Survey Materials
C1. How to read tables introduction

This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate’
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system.

The company decides that instead of just using one voting system, the hiring committee use all
three voting systems. Your job is to decide which candidate won based on the results from
the three different voting systems.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter|1st|2nd|3rd Voter| A B C
1 B 1 B|lA|C 1 64 | 97 | 21

The three tables above represent three different types of ballots (or voting methods).
e Inthe "Pick One Candidate" voter system the voters are asked to pick their favorite
candidate.
« Inthe "Rank All Candidates" voter system the voters rank the candidates by preference
(for example, 1st, 2nd, 3rd)
« Inthe "Rate All Candidates™ voter system the voters rate the candidates on a 0-100 scale,
where 0 is the lowest or worst rating and 100 is the highest or best rating.

The example above has three job candidates ("A", "B", & "C") and one member on the hiring
committee (Voter 1). We will hide the names of job candidates and voters just to make the tables
less cluttered.

Note that in this example Voter 1 has chosen Candidate B as the best candidate on all three
ballots.

On the next 13 pages you will be presented with 13 different elections and you need to decide
which candidate should be hired.
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C2. Table Comprehension

[Summary and Raw Data Condition]

Here is an example with three job candidates ("A", "B", & "C") and four members on the hiring

committee.

Additionally, we added three summary tables which summarize the voting data for each ballot

type.

e The "Pick One Summary" table shows that 3 of the hiring committee members voted to
hire Candidate B and 1 member voted for Candidate C. No voter chose Candidate A.

e The "Rankings Summary" table shows that 3 out of the 4 voters preferred Candidate B,
followed by Candidate A, with Candidate C as their 3rd pick.

e The "Ratings Summary" table shows the average rating score for the three job candidates.
Candidate B had the highest average rating with a score of 76.3

Pick One Candidate Rank All Candidates

Rate All Candidates

[Raw Data Only Condition]

Rankings Ratings
Voter| Choice Voter|1st|2nd|3rd Voter| A B C
1 B 1 B|A|C 1 60 | 95 | 25
2 B 2 B|lA|C 2 50 | 90 | 30
3 B 3 B|A|C 3 40 | 80 | 35
4 C 4 C[B]|A 4 0 40 | 90
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
B 3 (75.0%) 1st|2nd|3rd| Votes (%) A B C
C 1(25.0%) B|A|C]| 3(75.0%) | Avg. Score| 37.5 | 76.3 | 45.0
A 0 (0.0%) C|B|A| 1(25.0%)
B|C|A| O (0.0%)
AlcC|B| O (0.0%)
AlB|cC| o0 (0.0%)
C|A|B| O (0.0%)

Here is an example with three job candidates ("A", "B", & "C") and four members on the hiring
committee. From now on we will hide the names of job candidates just to make the tables less

cluttered.

In this example:

e The "Pick One Candidate" table shows that 3 of the hiring committee members voted to
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hire Candidate B and 1 member voted for Candidate C. No voter chose Candidate A.

o The "Rank All Candidates" table shows that 3 out of the 4 voters preferred Candidate B,
followed by Candidate A, with Candidate C as their 3rd pick.

e The "Rate All Candidates" table shows higher ratings on average for Candidate B, which
has an average rating score of 76.3, if you were to calcuate the average.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter|1st|2nd|3rd Voter| A B C
1 B 1 B|lA|C 1 60 | 95 | 25
2 B 2 B|lA|C 2 50 | 90 | 30
3 B 3 B|A|C 3 40 | 80 | 35
4 C 4 C|B| A 4 0 40 | 80

[Questions for both conditions below their respective stimuli]

Qla. Based on the information above, rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)
[website had a range slider]
[website allowed single choice)
e Candidate A
e Candidate B (Correct Answer)
e Candidate C

Q1b. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)
[website allowed click-and-drag functionality for rankings]

e Candidate A

e Candidate B (Correct Answer)

e Candidate C

Q1c. Which job candidate do you think should be hired?
(choose one)

e Candidate A

e Candidate B (Correct Answer)

e Candidate C

Q1d. Which table did you primarily use to make your decisions?
e “Pick One Candidate” (Left Table)
e “Rank All Candidates” (Middle Table)
e “Rate All Candidates” (Right Table)

159



[Summary and Raw Data Condition]

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| E C 5
1 C 1 C|lE| S 1 54 | 100 | 46
2 E 2 E|C|S 2 99 | 55 | O
3 C 3 C|S|E 3 44 | 98 | 55
4 C 4 ClE|S 4 59| 95 | 40
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
C 3 (75.0%) 1st(2nd|3rd| Votes (%) E C S
E 1(25.0%) C|E| S| 2(50.0%) |Avg. Score| 64.0 | 87.0 | 35.3
S 0 (0.0%) E|cC|s| 1(25.0%)
C| S| E| 1(25.0%)
Els|c| o (0.0%)
S|E|C| 0O (0.0%)
s|Cc|E| 0 (0.0%)

[Raw Data Only Condition]

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter|1st|2nd|3rd Voter| E C S
1 C 1 ClE]| S 1 54 | 100 | 46
2 E 2 E|C| 5 2 99 | 55 0
3 C 3 C|5|E 3 44 | 98 | 55
4 C 4 ClE]| S 4 59 | 95 | 40

[Questions for both conditions below their respective stimuli]

Q2a. Based on the information above, rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)

[website had a range slider]

[website allowed single choice)
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e Candidate E
e Candidate C (Correct Answer)
e Candidate S

Q2b. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)
[website allowed click-and-drag functionality for rankings]

e Candidate E

e Candidate C (Correct Answer)

e Candidate S

Q2c. Which job candidate do you think should be hired?
(choose one)

e Candidate E

e Candidate C (Correct Answer)

e Candidate S

Q2d. Which table did you primarily use to make your decisions?
e “Pick One Candidate” (Left Table)
e “Rank All Candidates” (Middle Table)
e “Rate All Candidates” (Right Table)

[Summary and Raw Data Condition]
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Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| | R P
1 R 1 R|P | | 1 32 | 96 | 65
2 ] 2 JIR|P 2 69 | 59 | 27
3 P 3 P|R| I 3 0 | 80| 96
4 R 4 R|P | 4 35 | 92 | 61
5 R 5 R|P | 5 20 (100 76
6 R B R|P | | 6 27 [100| 69
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
R 4 (66.7%) 1st|2nd|3rd| Votes (%) J R P
] 1(16.7%) R|P|J| 4(66.7%) | Avg. Score| 30.5 | 87.8 | 65.7
P 1(16.7%) PR |J]| 1(16.7%)
J | R|P| 1(16.7%)
J | P|R| O (0.0%)
P|J|R| O (0.0%)
R|J|P| O (0.0%)
[Raw Data Only Condition]
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter|1st|2nd|3rd Voter| J R P
1 R 1 R|P | 1 32 | 96 | 65
2 ] 2 J|R|P 2 69 | 59 | 27
3 P 3 Pl R 3 0 80 | 96
4 R 4 R| P 4 35 | 92 | 61
5 R 5 R| P 5 20 | 100 76
5 R 6 R| P | 6 27 | 100 69

[Questions for both conditions below their respective stimuli]

Q3a. Based on the information above, rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)
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[website had a range slider]

[website allowed single choice)
e Candidate J
e Candidate R (Correct Answer)
e Candidate P

Q3b. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)
[website allowed click-and-drag functionality for rankings]

e Candidate J

e Candidate R (Correct Answer)

e Candidate P

Q3c. Which job candidate do you think should be hired?
(choose one)

e Candidate J

e Candidate R (Correct Answer)

e Candidate P

Q3d. Which table did you primarily use to make your decisions?
e “Pick One Candidate” (Left Table)
e “Rank All Candidates” (Middle Table)
e “Rate All Candidates” (Right Table)
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C3. Who Won the Election Task

[Note: Participants were randomized to see stimuli with either “Raw+Summary Data” or “Raw
Data Only.” The major difference between the two conditions is whether or not participants saw
summary tables for each ballot type. For simplicity, only the “Raw+Summary Data” stimuli are
shown below. See Appendix C2 for side-by-side comparisons.]

For each item participants answered three questions which appeared below each figure.

1. Based on the above graph, rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)

Candidate A

Candidate B

Candidate C

2. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)

e Candidate A

e Candidate B

e Candidate C

3. Which job candidate do you think should be hired?
(choose one)

Candidate A

Candidate B

Candidate C

4. Which table did you primarily use to make your decisions?
“Pick One Candidate” (Left Table)

“Rank All Candidates” (Middle Table)

“Rate All Candidates” (Right Table)

The stimuli items are presented below.
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Item 1:

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| K A S
1 K 1 K|A]|S 1 95 | 54 8
2 S 2 S|A|K 2 9 | 50| 96
3 K 3 K|A|S 3 |100| 60 | 14
4 K 4 K|A]|S 4 87 | 46 0
5 A 5 AlK]|S 5 62 | 97 | 51
6 A 6 AlK|S 6 73| 87 | 41
7 A 7 AlS|K 7 46 | 87 | 68
8 K 8 K|A]|S 8 92 | 68 | 22
9 S 9 S|A|K 9 16 | 57 | 97
10 K 10 |K|A|S 10 |91 |50 | 4
11 A 11 |A| K|S 11 | 67 | 93 | 47
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
K 5(45.5%) 1st|2nd|3rd| Votes (%) K A S
A 4 (36.4%) K| A|S]|5(455%) | Avg. Score | 67.1 | 68.1 | 40.7
5 2 (18.2%) Al K|S | 3(273%)
S| A| K| 2(182%)
Al S| K| 1 (9.1%)
S| K|A|O (0.0%)
K|S|A|O0O (0.0%)
Item 2:
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| C Z |G
1 G 1 |G|Z|C 1 16 | 63 | 92
2 C 2 Cl|Z]|G 2 90 | 65| 19
3 7 3 |Z]|G6|cC 3 | 46| 92|63
4 C a4 C|Z]|G 4 92 | 46 0
5 C 5 clz|G 5 95 | 60 | 14
6 G 6 |G|Z]|C 6 9 | 55 (100
7 G 7 |G|Z2]|C 7 25|71 | 84
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
C 3 (42.9%) 1st|2nd|3rd| Votes (%) C F4 G
G 3 (42.9%) G| Z|C| 3(42.9%) | Avg. Score | 533 | 646 | 53.1
z 1(14.3%) c|z|G| 3(42.9%)
7G| C|10143%)
G|Cc|Z| o0 (0.0%)
Z|C|G| O (0.0%)
C|G|Z]| 0 (0.0%)

165




Item 3:

Pick One Candidate

Voter| Choice
1 A
2 F
3 F
4 A
5 A
6 F
7 F

Pick One Summary

Rank All Candidates

Rankings
Voter| 1st|2nd|3rd
1 A|lO|F
2 FIO[A
3 FlO[lA
4 AlO|F
5 A|lO|F
6 FI1O|A
7 FIO|A

Rankings Summary

Rate All Candidates

Ratings
Voter| A 0 F
1 88 | 44 | 23
2 12 | 82 | 98
3 9 79 | 100
4 91| 21| 0
5 94 | 37 | 16
6 16 | 86 | 95
7 19 | 89 | 92

Ratings Summary

Candidate| Votes (%) Rankings Candidates
F 4(57.1%) 1st|2nd|3rd| Votes (%) A o F
A 3 (42.9%) Flo|A| 5(57.1%) | Avg. Score | 47.0 | 626 | 60.6
0 0 (0.0%) AlO|F| 3(42.9%)
O|A|F| O (0.0%
A|F|O| 0 (0.0%)
FlA|O| 0 (0.0%)
O|F|A| o0 (0.0%)
Item 4:

Pick One Candidate

Rank All Candidates

Rate All Candidates
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Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| N L | W
1 L 1 LI{W|N 1 44 | 94 | 69
2 L 2 LI{W|N 2 53 | 84 | 60
3 W 3 W/|L|N 3 3 66 | 90
4 N 4 N| LW 4 91 | 47 | 23
5 W 5 W/| L|N 5 0 63 | 87
6 N 6 N| LW 6 91 | 28 4
7 w 7 |[W|L|N 7 21| 83| 93
8 N 8 N|L|W 8 94 | 44 | 19
9 N 9 N|L|W 9 |100| 38 | 13
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
N 4 (44.4%) 1st|2nd|3rd| Votes (%) N L w
w 3(33.3%) N | L|W| 4(44.4%) | Avg. Score | 55.2 | 60.8 | 50.9
L 2 (22.2%) W/| L |[N| 3(33.3%)
LIW|N| 2(222%)
L|IN|W| 0 (0.0%)
N|W|L| 0 (0.0%)
W|N|L|O (0.0%)




Item 5:

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| | Q z
1 | 1 jQfz 1 81 | 75 0
2 Q 2 Q| Z 2 82 | 88 | 48
3 | 3 yQfz 3 84 | 79 3
4 | 4 I1aQlZ 4 86 | 80 5
5 zZ 5 Z |1 Q)| 5 41 | 47 | 89
6 Q 6 Q) 7/ 6 80 | 86 | 50
7 Z 7 Z Q|| 7 30 | 36 | 100
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
[ 3 (42.9%) 1st|2nd|3rd| Votes (%) | Q z
2 (28.6%) Il Q| Z]| 3(42.9%) | Avg. Score | 69.1 [ 70.1 | 421
z 2 (28.6%) Qll|z]| 2(286%
Z Q)| 2 (28.6%
I|z|a| o (0.0%)
Z|1|al o (0.0%)
Q| Z| 1|0 (0.0%)
Item 6:
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| J S u
1 J 1 J|S|U 1 95 | 45 4
2 J 2 J|S|U 2 84 | 67 | 26
3 S 3 S|uUj|lJ 3 43 | 93 | 67
4 J 4 J|S|U 4 94 | 58 | 17
5 J 5 J|S|U 5 100| 51 | 10
6 J 6 J|S|U 6 97 | 55| 14
7 u 7 ujsil 7 8 | 58| 99
8 u 8 ujsi 8 18 | 68 | 92
9 S 9 S{ujl 9 54 | 97 | 56
10 u 10 (U | S| 10 | 22| 72 | 88
11 J 11 | J | S|U 11 | 97 | 47 | 5
12 U 12 (U | s | 12 | 11| 61 | 99
13 U 13 ulsi|l 13 0 50 | 91
14 S 14 S|uj|J 14 45 | 95 | 65
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
] 6 (42.9%) 1st|2nd|3rd| Votes (%) ] s u
u 5 (35.7%) 1|s|U| 6(42.9%) | Avg.Score | 54.9 [ 655 | 524
S 3 (21.4%) U|S|J | 5(357%)
sS|u| | 3(21.4%)
UlJ|S]| 0 (0.0%)
J|{u|s | o (0.0%)
S|J|U| 0 (0.0%)
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Item 7:

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st | 2nd Voter| T K
1 K 1 K T 1 51 | 53
2 T 2 T K 2 95 | 8
3 K 3 K T 3 29 | 75
4 T 4 T K 4 99 | 4
5 T 5 T K 5 98 | 0O
6 T 6 T K 6 90 | 14
7 K 7 K T 7 41 | 63
8 K 8 K T 8 3 | 100
9 K 9 K T 9 18 | 85
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
K 5 (55.6%) 1st | 2nd | Votes (%) T K
T 4 (44.4%) K | T |5(55.6%) | Avg.Score| 58.2 [ 447
T | K |4(44.4%)
Item 8:

Pick One Candidate

Rank All Candidates

Rate All Candidates
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Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| L | M | U
1 M 1 M| UL 1 60 | 92 | 61
2 L 2 LM U 2 94 | 74 | 26
3 M 3 M| LU 3 66 | 99 | 55
4 u 4 Uuj/M|L 4 6 39 | 87
5 M 5 [M|L|U 5 71| 97 | 49
6 U 6 UulmM|L 6 16 | 48 | 96
7 L 7 LM U 7 90 | /9 | 31
8 L 8 LM U 8 97 | 71 | 24
9 L 9 LM U 9 96 | 63 | 15
10 L 10 LM U 10 99 | 67 | 19
11 U 11 (U M| L 11 | 32 | 64 | 89
12 M 12 (M| L|U 12 | 74 | 94 | 47
13 U 13 (U|M|L 13 | 10| 42 | 90
14 L 14 LM U 14 87 | 82 | 34
15 u 15 (UM | L 15 25 | 58 | 96
16 u 16 (UM | L 16 0 33 | 80
17 U 17 (U M| L 17 | 21 | 53 | 100
18 M 18 |[M| L | U 18 | 62 | 95 | 58
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
U 7 (38.9%) 1st|2nd|3rd| Votes (%) L M u
L 6 (33.3%) UlM|L| 7(389%) | Avg. score | 55.9 [ 69.4 [ 587
M 5(27.8%) LIM|U]| 6(33.3%)
M| L|U]| 4(22.2%)
M|U|L|1 (56%)
UlL|M| D0 (0.0%)
LlU|M| 0 (0.0%)




Item 9:

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| Z C X
1 zZ 1 Z|C|X 1 92 | 60 | 16
2 X 2 X|Cc|zZ 2 6 | 56 | 100
3 z 3 Z|C|X 3 90 | 63 | 19
a4 Z 4 Z|C|X 4 94 | 44 0
5 zZ 5 Z|C|X 5 99 | 49 5
6 C 6 cC|X|2Z 6 47 | 97 | 61
7 X 7 X|C|zZ 7 11 | 60 | 98
8 X 8 X|cl|Z 8 2 52 | 96
9 X 9 X|c|z 9 20| 70 | 89
10 C 10 |C|X|Z 10 | 43 | 92 | 66
11 X 11 | X |C|Z 11 | 18 | 67 | 91
12 Z 12 Z|C|X 12 96 | 57 | 13
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
X 5(41.7%) 1st|2nd|3rd| Votes (%) z C X
z 5(41.7%) Z|Cc| x| 5(41.7%) | Avg. Score| 515 | 63.9] 545
C 2 (16.7%) X | C|Z|5(41L7%)
C|X|Z|2(167%)
X|z|cC| o (0.0%)
Z|x|c| o (0.0%)
C|Z|X| 0 (0.0%)
Item 10:
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| N Q |
1 J 1 J | Q|N 1 7 16 | 50
2 N 2 N| Q] 2 55| 47 | 12
3 J 3 I QN 3 15| 23 | 58
4 J a4 J | Q|N 4 24 | 33 | 67
5 N 5 N| Q] 5 47 | 39| 4
6 Q 6 Q| NJ|J 6 85|93 | 76
7 N 7 N| Q] 7 60 | 52 | 17
8 J 8 I QN 8 0 9 | 43
9 J 9 J | Q|N 9 35| 43| 78
10 Q 10 |Q N 10 | 91 [100| 69
11 N 11 [N | Q] ] 11 | 68 | 60 | 25
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
] 5 (45.5%) 1st|2nd|3rd| Votes (%) N Q |
N 4 (36.4%) J | Q| N| 5(45.5%) | Avg. Score | 443 | 46.8 | 454
Q 2 (18.2%) N|Q]| ]| 4(36.4%)
Q| N|J | 2(182%)
Q| J|N| O (0.0%)
J|N|Q| 0 (0.0%)
N|J|Q]| 0 (0.0%)
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C4. Voting System Introduction

[Note: Participants were formally introduced to cardinal, plurality, and ranked-choice voting in
this block. The voting system order was randomized for each participant.]

After each voting system was introduced the participant was asked:

Q. How fair is [cardinal/plurality/RCV] voting? Rate from very fair (100) to not very fair (0).
[slider question format]

The stimuli follows:

The next three pages will teach you about three different ways to determine who should win
when multiple people are voting.

[Raw+Summary Data Condition]
[Cardinal]
One method to determine election outcomes is to have voters rate each candidate. This is
called cardinal voting. In cardinal voting the candidate that has the highest average rating wins.
In the information presented below we show the ratings of four voters for three candidates.

As you can see, C has the lowest voter rating on average [math: (100+67+0+25)/4=48.0]. A and
B both have higher voter ratings on average. However, B has a better voter rating on average
[math: (67+100+50+75)/4=73.0] than A [math: (17+50+100+92)/4=64.8]. Thus, according to
cardinal voting, candidate B would win.

Rate All Candidates
Ratings
Voter| A B Cc
1 17 | 67 | 100
2 50 |100| 67
3 100 | 50 0
4 92 | 75| 25

Ratings Summary

Candidates
A B C
Avg. Score| 64.8 | 73.0 | 48.0

[Plurality]
One method to determine election outcomes is to allow all voters to choose only one candidate
and the candidate with the most votes wins. This is called plurality voting. Plurality voting
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prioritizes selecting a winner who has the single most support. A winning candidate in a plurality
system needs to have more votes than any other candidate but does not necessarily need to have
over 50% of the votes to win.

For example, in the information presented below “Candidate A has 4 out of 9 hiring committee
members support. “Candidate B has 2 out of the 9 hiring committee members support.
“Candidate C” has 3 out of the 9 hiring committee members support. Using a Plurality voting
system, Candidate A would win, even though they did not receive more than 50% of the votes.

Pick One Candidate

Voter |Choice
1 B

(=T <= REE N« (RS N S TR S
[ T =T = o T o T~ ~ i

Pick One Summary

Candidate | Votes (%)
A 4 (44.4%)
C 3 (33.3%)
B 2 (22.2%)

[Ranked-Choice Voting]

One method to determine election outcomes is to focus on how each voter ranks the candidates
(e.g., first, second, third preference). This is called ranked-choice voting. Ranked-choice voting
prioritizes majority approval and a winning candidate must have over 50% of the total votes.
This works by first counting all voters' first preference and seeing if any candidate has over 50%
support. If so, this candidate wins. If not, then the candidate with the least amount of support is
“eliminated” and their votes are re-assigned to their next favorite candidate. The votes are then
counted again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the information presented below, there are four voters who rank Candidate A as
their first preference. There are three voters who rank C as their first preference and there are two
voters who rank B as their first preference.

Although A has the most first place votes (4 out of 9), A does not have over 50% of the votes.
Because B has the fewest first place votes, B would be removed as a candidate, and B’s votes
would be reassigned. In this case, the two voters who most preferred B would be reassigned to C,
because this is their 2nd choice. Once B is removed, there are 5 votes for C, and 4 votes for A, so
Candidate C would win.
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Rank All Candidates
Rankings
Voter|1st|2nd|3rd

1

w
=

W NV R W
TN E>NO0EN
@ W wwMnNmwn
OO0 0P 0RF R

Rankings Summary

Rankings
1st|2nd|3rd| Votes (%)
B | C| 4(44.49%)
3 (32.3%)
2 (22.2%)
0 (0.0%)
0 (0.0%)
0 (0.0%)

O m>=wn>X
> 00w
[+=I o T+ = B A A

[Raw Data Only Condition]

[Cardinal]

One method to determine election outcomes is to have voters rate each candidate. This is

called cardinal voting. In cardinal voting the candidate that has the highest average rating wins.
In the information presented below we show the ratings of four voters for three candidates.

As you can see, C has the lowest voter rating on average [math: (100+67+0+25)/4=48.0]. A and
B both have higher voter ratings on average. However, B has a better voter rating on average
[math: (67+100+50+75)/4=73.0] than A [math: (17+50+100+92)/4=64.8]. Thus, according to
cardinal voting, candidate B would win.

Rate All Candidates
Ratings
Voter| A B C
1 17 | 67 | 100
50 | 100 | &7
100 50 | O
92 | 75| 25

BowoN

[Plurality]
One method to determine election outcomes is to allow all voters to choose only one candidate
and the candidate with the most votes wins. This is called plurality voting. Plurality voting
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prioritizes selecting a winner who has the single most support. A winning candidate in a plurality
system needs to have more votes than any other candidate but does not necessarily need to have
over 50% of the votes to win.

For example, in the information presented below “Candidate A has 4 out of 9 hiring committee
members support. “Candidate B has 2 out of the 9 hiring committee members support.
“Candidate C” has 3 out of the 9 hiring committee members support. Using a Plurality voting
system, Candidate A would win, even though they did not receive more than 50% of the votes.

Pick One Candidate

Voter |Choice
1 B

[C=2 - BN (S R N TE N
O @00 > >F >

[Ranked-Choice Voting]

One method to determine election outcomes is to focus on how each voter ranks the candidates
(e.g., first, second, third preference). This is called ranked-choice voting. Ranked-choice voting
prioritizes majority approval and a winning candidate must have over 50% of the total votes.
This works by first counting all voters' first preference and seeing if any candidate has over 50%
support. If so, this candidate wins. If not, then the candidate with the least amount of support is
“eliminated” and their votes are re-assigned to their next favorite candidate. The votes are then
counted again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the information presented below, there are four voters who rank Candidate A as
their first preference. There are three voters who rank C as their first preference and there are two
voters who rank B as their first preference.

Although A has the most first place votes (4 out of 9), A does not have over 50% of the votes.
Because B has the fewest first place votes, B would be removed as a candidate, and B’s votes
would be reassigned. In this case, the two voters who most preferred B would be reassigned to C,
because this is their 2nd choice. Once B is removed, there are 5 votes for C, and 4 votes for A, so
Candidate C would win.
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Rank All Candidates

Rankings

Voter| 1st|2nd|3rd

174



C5. Declared voting system preferences

Q1. Which of the three voting systems below do you think is most fair?
[see descriptions below if you need a reminder]

e (ardinal / “Rate Candidates”

e Plurality / “Pick One”

e Ranked-choice voting / “Rank Candidates”

Q2. Order the voting systems below (drag and drop list items), from most fair (top) to least fair
(bottom).

e C(Cardinal / “Rate Candidates”

e Plurality / “Pick One”

e Ranked-choice voting / “Rank Candidates”

Q3. Rate the voting systems below, from very fair (100) to not very fair (0).
e Cardinal / “Rate Candidates”
e Plurality / “Pick One”
e Ranked-choice voting / “Rank Candidates”

Remember:
« Incardinal voting a winning candidate is the candidate with the best average score. This
involves voters rating all candidates and calculating the average (mean) rating.

« In ranked-choice voting a winning candidate must have over 50% of the total votes. This
works by first counting all voters first preference and seeing if any candidate has over
50% support. If so, this candidate wins. If not, then the candidate with the least amount of
support is "eliminated" and their votes are re-assigned to their next favorite candidate.
The votes are then counted again to see if a candidate has over 50% support.

« In plurality voting a winning candidate needs to have more votes than any other
candidate but does not necessarily need to have over 50% of the votes to win.

Q4. Choose the voting system you would prefer to use.
[see descriptions below if you need a reminder]

e (ardinal / “Rate Candidates”

e Plurality / “Pick One”

e Ranked-choice voting / “Rank Candidates”

Q5. Rank order the voting systems by how much you would prefer to use them.

Drag and drop them from most like to use for voting (top) to least like to use for voting (bottom).
e (ardinal / “Rate Candidates”
e Plurality / “Pick One”
e Ranked-choice voting / “Rank Candidates”
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Q6. Rate each voting system by how much you would like to use them. (0=Do not like at all;
100=L.ike a lot)

e (ardinal / “Rate Candidates”

e Plurality / “Pick One”

e Ranked-choice voting / “Rank Candidates”
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C6. Voting system comprehension

[Note: Participants were randomized to see stimuli with either “Raw+Summary Data” or “Raw
Data Only.” The major difference between the two conditions is whether or not participants saw
summary tables for each ballot type. For simplicity, only the “Raw+Summary Data” stimuli are
shown below. See Appendix C2 for side-by-side comparisons.]

For each item participants answered three questions which appeared below each figure.

Based on the information above... which candidate would be chosen as the winner in a cardinal
voting system?

e Candidate A

e Candidate B

e Candidate C

The next few pages will ask you to identify which job candidate should be hired based on the
different ways to determine elections that you just learned about.

Learning item la:
This question is about cardinal voting.

Rate All Candidates
Ratings
Voter| R T M
98 | 42 | 16
45 | 95 | 69
34 |1 97| 80
98 | 36 | 10
3 | 65|91
88 | 26 0
15 | 77 | 100
21| 84 | 93
91 | 49 | 23

W o~ O LW N e

Ratings Summary

Candidates
R T M
Avg. Score | 54.8 | 63.4 | 53.6
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Learning item 1b:
This question is about plurality voting.

Pick One Candidate

Voter| Choice
1 R

O L~ A WN
=== B = I B

Pick One Summary

Candidate| Votes (%)
R 4 (44.4%)
M 3(33.3%)
T 2 (22.2%)

Learning item 1c:
This question is about ranked-choice voting.

Pick One Candidate

Voter| Choice
1 R

W N R W
< v DA

Pick One Summary

Candidate| Votes (%)
R 4 (44.4%)
M 3(33.3%)
T 2 (22.2%)
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Learning item 2a:
This question is about cardinal voting.

Rate All Candidates

Ratings
Voter| Y L U

1 93 | 69 | 22
2 63 | 99 | 53
3 5 |45 | 92
4 34| 74| 81
5 90 | 50 | 3

6 10 | 50 | 97
7 21 | 61| 94
8 55| 95| 60
9 83| 79| 32
10 (100 60 | 14
11 0 | 40 | 86

Ratings Summary

Candidates

Y L U

Avg. Score | 50.4 | 656 | 57.6

Learning item 2b:
This question is about plurality voting.

Pick One Candidate

Voter| Choice
1 Y
2 L
3 U
4 U
5 Y
6 U
7 U
8 L
9 Y

10 Y
11 U

Pick One Summary

Candidate| Votes (%)
U 5 (45.5%)
Y 4(36.4%)
L 2 (18.2%)
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Learning item 2c:

This question is about ranked-choice voting.

Rank All Candidates

Rankings
Voter | 1st|2nd|3rd
1 Y| L|U
2 LY |U
3 UulL|y
4 UjL|Y
5 Y| L|U
6 UulL|Y
7 UjL|Y
8 Llujy
9 Y| L|U
10 Y| L|U
11 (UL |Y

Rankings Summary

Rankings

1st|2nd|3rd| Votes (%)
U|L|Y]|5(455%)
Y| L|U| 4(364%)
Liul|Yy |1 (91%)
LY |U| 1 (9.1%)
Y|U|L|O (0.0%)
U|Y|L|O (0.0%)

Learning item 3a:

This question is about cardinal voting.

Rate All Candidates

Ratings

Voter| Q K J

1 26 | 61 | 88

2 71| 94 | 43

3 9 45 | 95

4 88 | 77 | 26

5 100 64 | 14

[ 14 | 50 | 99

7 63 | 98 | 51

8 0 36 | 86

9 58 | 94 | 55

10 |92 |72 | 21

11 96 | 60 | 10

12 19 | 55 | 95
Ratings Summary

Candidates
Q K J

Avg. Score | 53.0 | 67.2 | 56.9
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Learning item 3b:

This question is about plurality voting.

Pick One Candidate

Voter| Choice
1 J
2 K
3 J
4 Q
5 Q
6 J
7 K
8 J
9 K
10 Q
11 Q
12 J
Pick One Summary
Candidate| Votes (%)
J 5(41.7%)
Q 4(33.3%)
K 3 (25.0%)

Learning item 3c:

This question is about ranked-choice voting.

Rank All Candidates

Rankings
Voter | 1st|2nd|3rd
1 1K |Q
2 Klajl
3 1K |Q
4 QK|
5 Q| K|
6 J | K|Q
7 Klaj)l
8 J | K|Q
9 Klaj)l
10 | Q| K| J
11 QK|
12 J K |Q

Rankings Summary

Rankings

1st|2nd|3rd| Votes (%)
J K| Q] 5(41.7%)
Q| K| 1| 4(333%)
Kla|J | 3(250%)
K|J|Q]| o (0.0%)
Jlalk| o (0.0%)
Q|J | K| 0 (0.0%)
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Learning item 4a:
This question is about cardinal voting.

Rate All Candidates

Ratings

Voter| T X P

1 89 | 58| 8

2 28 | 59 | 92

3 11 | 43 | 93

4 97 | 73 | 23

5 93 | 77 | 27

6 75 | 94 | 44

7 61| 92 | 59

8 97 | 65| 15

9 67 | 99 | 52

10 | 22 | 54 | 98

11 | 24 | 55 | 96

12 0 32 | 82

13 | 14 | 46 | 96

14 | 89 | 80 | 30

15 |100| 69 | 19

16 | 71 | 98 | 48

17 | 63 | 95 | 57

18 7 38 | 88
Ratings Summary

Candidates
T X P

Avg. Score | 56.0 | 68.2 | 57.1
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Learning item 4b:
This question is about plurality voting.

Pick One Candidate
Voter| Choice
1 T
2 P
3 P
4 T
5 T
6 X
7 X
8 T
9 X
10 P
11 P
12 P
13 P
14 T
15 T
16 X
17 X
18 P
Pick One Summary
Candidate| Votes (%)
P 7 (38.9%)
T 6(33.3%)
X 5(27.8%)
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Learning item 4c:
This question is about ranked-choice voting.

Rank All Candidates

Rankings
Voter | 1st|2nd|3rd
1 T|X|P
2 PIX|T
3 PIX|T
4 T|X|P
5 T|X|P
6 X|T|P
7 X|T|P
8 T|X|P
9 X|T|P
10 PIX|T
11 PIX|T
122 | P X|T
13 |P|X|T
14 | T | X | P
15 | T | X | P
16 | X|T|P
17 | X | T|P
18 PIX|T
Rankings Summary
Rankings
1st|2nd|3rd| Votes (%)
P|X| T| 7(389%)
T|X|P| 6(33.3%)
X|T|P| 5(27.8%)
P|T|X| 0 (0.0%)
T|P|X| 0 (0.0%)
X|P|T| 0 (0.0%)
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[Note: Participants were randomized to see stimuli with either “Raw+Summary Data” or “Raw
Data Only.” The major difference between the two conditions is whether or not participants saw
summary tables for each ballot type. For simplicity, only the “Raw+Summary Data” stimuli are
shown below. See Appendix C2 for side-by-side comparisons. Voting system quirks used a
counterbalanced presentation order across participants.]

C7. Teaching Intervention

[Center Squeeze Phenomenon]

On the next page you will be walked through a specific voting example called the “Center
Squeeze Phenomenon,” which shows how ranked-choice voting can hurt moderate or “middle-

of-the-road” candidates.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| A B C
1 A 1 Al B|C 1 85 | 36 6
2 C 2 C|B|A 2 18 | 67 | 97
3 o 3 C|B|A 3 0 | 49| 79
4 C 4 C|B|A 4 9 58 | 88
5 o 5 C|B|A 5 24 | 73| 97
6 B 6 B|C|A 6 55 | 96 | 66
7 B 7 BIC|A 7 46 | 94 | 76
8 A 8 Al B|C 8 94 | 57 | 27
9 A 9 A|lB|C 9 98 | 53 | 24
10 A 10 |A|B|C 10 | 97 | 48 | 18
11 B 11 B|A|C 11 62 | 89 | 59
12 B 12 |B|C|A 12 | 53 | 98 | 68
13 A 13 (A | B | C 13 99 | 50 | 20
14 C 14 |C|B|A 14 | 12 | 61| 91
15 A 15 A | B | C 15 88 | 39 9
16 B 16 |B|C|A 16 | 58 | 93 | 63
17 A 17 |A|B | C 17 | 93 | 44 | 14
18 A 18 |A| B | C 18 91 | 42 | 12
19 B 19 |B|C|A 19 | 48 | 97 | 73
20 C 20 C|B|A 20 21 | 70 | 100
121 ] C 21 |C | B|A] 21 3 | 52|82
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
A 8(38.1%) 1st|2nd|3rd| Votes (%) A B C
C 7 (33.3%) A|B|C| 8(38.1%) ‘ Avg. Score | 55.0 | 65.0 | 55.7
B 6 (28.6%) C|B|A| 7(333%)
B|C|A| 5(23.8%)
B|l|A|C| 1 (48%)
C|A|B| O (0.0%)
A|C|B| 0 (0.0%)

Who wins according to plurality and ranked-choice voting?
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o 8 voters have candidate A as their favorite (8/21 voters or 38%). Therefore, A wins
according to plurality.

« 6 voters have candidate B as their favorite (6/21 voters or 29%), and

e 7 voters have candidate C as their favorite (7/21 voters or 33%). C wins according to
ranked-choice voting, because we would eliminate B, since no candidate has over 50%,
giving C 12 of the 21 votes (57%).

Who wins according to cardinal voting?
« Candidate A has the lowest average voter rating with a score of 55.0,
« Candidate B has the highest average voter rating with a score of 65.0. Therefore, B wins
according to cardinal voting.
« Candidate C has the second highest average voter rating with a score of 55.7.

Why is this "'center squeeze' example problematic for ranked-choice and plurality voting?
In this "center squeeze™ example, there is a fairly good middle-of-the-road candidate, but ranked-
choice and plurality voting instead choose extreme candidates.

Think about it this way - imagine that the voters were the same but instead of having three
candidates there were only two. If this was just an election with A vs B, B would win. If this was
just an election of B vs C, B would win. If there was an election of A vs C, C would win. So in
the head-to-head comparisons B wins two of the three elections.

In sum, this example shows that ranked-choice voting can favor a more extreme candidate (C),
and plurality can also favor a more extreme candidate (A), as opposed to more middle-of-the-
road candidate picked by cardinal (B).

[Majority Criterion Violation]

On the next page you will be walked through a specific voting example called the “Majority
Criterion Violation," which demonstrates how in cardinal voting it is possible for a candidate to
lose despite having a majority of the first places votes.
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Candidate| Votes (%) Rankings
C 8 (50.0%) 1st|2nd|3rd| Votes (%)
A 7 (43.8%) c|s|al s(s00%)
B 1 (6.2%) Al B|C| 7(43.8%)
Bl C|A| 1 (6.2%)
B|A|C| O (0.0%)
Alc|B| 0 (0.0%)
C|A|B| O (0.0%)

| Avg. Score | 50.3

59.1

559

Who wins according to plurality and ranked-choice voting?

7 voters have candidate A as their favorite (7/16 voters or 44%), and

1 voter has candidate B as their favorite (1/16 voters or 6%), and

8 voters have candidate C as their favorite (8/16 voters or 50%). Therefore, C wins
according to plurality. C also wins according to ranked-choice voting, because we
would eliminate B, since no candidate has over 50% of the total votes, giving C 9 of the

16 votes (56%).

Who wins according to cardinal voting?

Why is this example about the "*majority criterion’ problematic for cardinal voting?

In certain situations cardinal voting can lead to winners that very few voters would choose as
their first pick. In the example above, B won according to cardinal, but only one voter preferred
B over the two other candidates. Additionally, candidate C lost according to cardinal voting but

Candidate A has the lowest average voter rating with a score of 50.3,
Candidate B has the highest average voter rating with a score of 59.1. Therefore, B wins

according to cardinal voting.

Candidate C has the second highest average voter rating with a score of 55.9.

many more voters had C as their first pick compared to B.

187




[Spoiler Effect]

On the next page you will be walked through a specific voting example called the “Spoiler
Effect,” which shows how outcomes in plurality voting can be altered by the addition of a third
candidate.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st | 2nd Voter| A B
1 B 1 B A 1 24 | 94
2 A 2 A B 2 99 | 34
3 A 3 A B 3 87 | 46
4 A 4 A B 4 100| 30
5 B 5 B A 5 54 | 78
6 A 6 A B 6 93 | 40
7 A 7 A B 7 84 | 49
8 C 8 B A 8 10 | 80
9 B 9 B A 9 48 | 85
10 B 10 B A 10 | 33 | 100
11 B 11 B A 11 | 42| 91
12 C 12 B A 12 14 | 84
13 A 13 A B 13 96 | 26
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
B 7 (53.8%) 1st | 2nd | Votes (%) A B
A 6 (46.2%) B | A |7(53.8%) | Avg. Score | 603 | 64.4
A B |6(46.2%)

Who wins according to plurality and ranked-choice voting?
o 6 voters have candidate A as their favorite (6/13 voters or 46%), and
e 7 voters have candidate B as their favorite (7/13 voters or 54%). Therefore, B wins
according to both plurality and ranked-choice voting, since the candidate has over
50% of the total votes.

Who wins according to cardinal voting?
o Candidate A has the lowest average voting rating with a score of 60.3.
« Candidate B has the highest average voter rating with a score of 64.4. Therefore, B wins
according to cardinal voting.

Imagine the same scenario with a slight difference...

Imagine having three candidates instead of two. Specifically, imagine if there was a third
candidate who was not very popular, like candidate C in the information presented below.
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Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter | 1st|2nd|3rd Voter| A B C
1 B 1 B|C|A 1 24 | 94 | 82
2 A 2 A|lB|C 2 99 | 34| 8
3 A 3 Al B|C 3 87 | 46 | 20
4 A 4 A|lB|C 4 |100| 30| 4
5 B 5 BI|A|C 5 54 | 78 | 52
6 A 6 Al B|C 6 93 | 40 | 14
7 A 7 A|lB|C 7 84 | 49 | 23
8 C 8 C|BJ|A 8 10 | 80 | 96
9 B 9 B|C|A 9 48 | 85 | 59
10 B 10 |[B|C|A 10 | 33 |100]| 74
11 B 11 B|C|A 11 42 1 91 | 65
12 C 12 |C|B|A 12 | 14 | 84| 93
13 A 13 Al B|C 13 96 | 26 0
Pick One Summary Rankings Summary Ratings Summary
Candidate| Votes (%) Rankings Candidates
A 6 (46.2%) 1st|2nd|3rd| Votes (%) A B C
B 5 (38.5%) A|B|C| 6(462%) | Avg. score | 60.3 | 64.4 | 45.4
C 2 (15.4%) B|C|A|4(308%)
C|B|A|2(154%)
B|A|C|1 (7.7%)
C|A|B| O (0.0%)
A|C|B| 0 (0.0%)

Why is this example about having a third candidate problematic for plurality voting?

In plurality voting, the presence of an unpopular third candidate (like Candidate C) can change
who wins. This could be viewed as strange given that very few people like Candidate C - so why
should C’s decision to join the election affect who wins if C has no chance of winning? This
does not happen with ranked-choice or cardinal voting.
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C8. Probing questions about voting system preferences

Q1. Prior to participating in this study, how familiar were you with the different voting systems?
(0=Not at all familiar; 100=Very familiar)
[rating scale items]

e Cardinal / “Rate Candidates”

e Plurality / “Pick One”

e Ranked-choice voting / “Rank Candidates”

Q2. How much have you heard about the different voting systems in the news?
(0=Not at all; 100=A lot)
[rating scale items]

e (ardinal / “Rate Candidates”

e Plurality / “Pick One”

¢ Ranked-choice voting / “Rank Candidates”

Q3. Prior to participating in this study, how positive/negative were you views about the different
voting systems?
(-100 = Very negative; 100 = Very positive)
[rating scale items]
e Cardinal / “Rate Candidates”
e Plurality / “Pick One”
e Ranked-choice voting / “Rank Candidates”

Q4. Which voting system, if any, do you believe would be most likely to benefit your
preferred political candidate(s) or political party?

e (ardinal / “Rate Candidates”

e Plurality / “Pick One”

e Ranked-choice voting / “Rank Candidates”

e None/ They would all equally benefit my preferred political candidates or political party

Q5. Which voting system, if any, do you believe your preferred political candidate(s) or
political party would be most likely to endorse?
e (ardinal / “Rate Candidates”
Plurality / “Pick One”
Ranked-choice voting / “Rank Candidates”
They would be equally likely to endorse any of the above voting systems
I don’t know / Unsure

Q6. Is there anything else you would like to add or comment on about voting systems?
(If not you can skip this question)
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[textbox]

Appendix D. Study 4 Survey Materials

D1. How to read tables introduction

[Raw+Summary Data Condition]
This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate’
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system. The example below has three job
candidates ("A", "B", & "C") and six members on the hiring committee (Voters 1-6). We will
hide the names of job candidates and voters just to make the tables less cluttered.

The company decides that instead of just using one voting system, the hiring committee will use

all three voting systems. Your job is to decide which candidate won based on the results
from the three different voting systems.
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Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter| 1st(2nd|3rd Voter| A B o
1 A 1 AlB|C 1 100 | 50 | 15
2 B 2 B|A|C 2 82 (90 | 30
3 A 3 AlB|C 3 a5 [ 70 | 25
4 A 4 |A|lB|C 4 87 | 60 | 20
5 C 5 C|A|B 5 73 | 25 | 100
6 B 6 B|A|C 6 70 | 80 | 50
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate| 1% Choice| Final Choice A B C
A 3 (60.0%) A 3 (60.0%)| 4 (66.7%) ‘Avg. Score| 84.5 | 62.5 | 40.0
B 2 (33.3%) B 2(33.3%)| 2(33.3%)
C 1(16.7%) C 1(16.7%) X

In the top half of the above boxes, we are showing you each voters' choices for the three different
types of ballots (or voting methods).
« Inthe "Pick One Candidate" voter system the voters are asked to pick their favorite
candidate.
« Inthe "Rank All Candidates" voter system the voters rank the candidates by preference
(for example, 1st, 2nd, 3rd)
« Inthe "Rate All Candidates™ voter system the voters rate the candidates on a 0-100 scale,
where 0 is the lowest or worst rating and 100 is the highest or best rating.

In the bottom half of the above boxes, we are showing you the results from different types of
ballots (or voting methods).

e The "Pick One Summary" table shows counts of voters' choices for their favorite
candidate.

e The "Rankings Summary" table shows the results of voters ranking the candidates by
preference. This method works by first counting all **1st choice™ votes. Next the
candidate with the least support (here, Candidate C) is eliminated (**X'* notes
elimination). Votes that were cast for an eliminated candidate are re-distributed
based on the next favorite candidate. This final voting count is seen in the "'Final
Choice™ column.

e The "Ratings Summary" table shows the average ratings after having voters rate the
candidates on a 0-100 scale, where 0 is the lowest or worst rating and 100 is the highest
or best rating.

Note that in this example Candidate A is the best candidate on all three ballots:
o Candidate A has 3 (60.0%) of the votes in the "Pick One Summary" table.
o Candidate A has 4 (66.7%) of the votes in the "Rankings Summary" table.
« Candidate A has an average rating score of 84.5, higher than any other candidate, in the

192



"Ratings Summary" table.

[Raw Data Only Condition]
This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate’
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system. The example below has three job
candidates ("A", "B", & "C") and six members on the hiring committee (Voters 1-6). We will
hide the names of job candidates and voters just to make the tables less cluttered.

The company decides that instead of just using one voting system, the hiring committee will use
all three voting systems. Your job is to decide which candidate won based on the results
from the three different voting systems.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings

Voter| Choice Voter| 1st|2nd|3rd Voter| A B C
1 A 1 A|lB|C 1 |100]| 50 | 15
2 B 2 B|A|C 2 82 | 90 | 30
3 A 3 AlB|C 3 95 | 70 | 25
4 A 4 AlB|C 4 87 | 860 | 20
5 C 5 C|A|B 5 73 | 25 (100
6 B b B|A|C 6 70 | 80 | 50

In the tables above, we are showing you each voters' choices for the three different types of
ballots (or voting methods).
e Inthe "Pick One Candidate" voter system the voters are asked to pick their favorite
candidate.
« Inthe "Rank All Candidates™ voter system the voters rank the candidates by preference
(for example, 1st, 2nd, 3rd)
« Inthe "Rate All Candidates™ voter system the voters rate the candidates on a 0-100 scale,
where 0 is the lowest or worst rating and 100 is the highest or best rating.

Note that in this example Candidate A is the best candidate on all three ballots.
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[Summary Data Only Condition]
This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate'
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system. The example below has three job
candidates ("A", "B", & "C") and six members on the hiring committee (Voters 1-6). We will
hide the names of job candidates and voters just to make the tables less cluttered.

The company decides that instead of just using one voting system, the hiring committee will use
all three voting systems. Your job is to decide which candidate won based on the results
from the three different voting systems.

Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1* Choice| Final Choice A B C
A 3 (60.0%) A 3(60.0%)| 4 (66.7%) | Avg. score| 84.5 | 62.5 | 40.0
B 2 (33.3%) B 2(33.3%)| 2(33.3%)
C 1(16.7%) C 1(16.7%) X

In the tables above, we are showing you the results from different types of ballots (or voting
methods).

e The "Pick One Summary" table shows counts of voters' choices for their favorite
candidate.

e The "Rankings Summary" table shows the results of voters ranking the candidates by
preference. This method works by first counting all **1st choice™ votes. Next the
candidate with the least support (here, Candidate C) is eliminated (*"X"* notes
elimination). Votes that were cast for an eliminated candidate are re-distributed
based on the next favorite candidate. This final voting count is seen in the "'Final
Choice™ column.

e The "Ratings Summary" table shows the average ratings after having voters rate the
candidates on a 0-100 scale, where 0 is the lowest or worst rating and 100 is the highest
or best rating.

Note that in this example Candidate A is the best candidate on all three ballots:
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Candidate A has 3 (60.0%) of the votes in the "Pick One Summary" table.

Candidate A has 4 (66.7%) of the votes in the "Rankings Summary" table.

Candidate A has an average rating score of 84.5, higher than any other candidate, in the
"Ratings Summary" table.
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D2. Table Comprehension

[Note: Participants were assigned to one of three conditions: Summary and Raw Data, Raw Data
Only, and Summary Data Only. Each condition had slightly different information presented to
participants.]

[Summary and Raw Data Condition]
This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate’
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system. The example below has three job
candidates ("A", "B", & "C") and six members on the hiring committee (\Voters 1-6). We will
hide the names of job candidates and voters just to make the tables less cluttered.

The company decides that instead of just using one voting system, the hiring committee will use
all three voting systems. Your job is to decide which candidate won based on the results
from the three different voting systems.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| A B C
1 A 1 AlB|C 1 100 | 50 | 15
B 2 B|A|C 2 82 | 90 | 30
3 A 3 AlB|C 3 95 | 70 | 25
4 A 4 |A|lB|C 4 87 | 60 | 20
5 C 5 C|A|B 5 73| 25 |100
6 B 6 B|A|C 6 70 | 80 | 50
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1” Choice|Final Choice A B C
A 3 (60.0%) A 3 (60.0%)| 4 (66.7%) |Avg. Score| 84.5 | 62.5 | 40.0
B 2 (33.3%) B 2(33.3%)| 2(33.3%)
c 1(16.7%) c 1 (16.7%) X

In the top half of the above boxes, we are showing you each voters' choices for the three different
types of ballots (or voting methods).
e Inthe "Pick One Candidate" voter system the voters are asked to pick their favorite
candidate.
e Inthe "Rank All Candidates™ voter system the voters rank the candidates by preference
(for example, 1st, 2nd, 3rd)
« Inthe "Rate All Candidates™ voter system the voters rate the candidates on a 0-100 scale,
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where 0 is the lowest or worst rating and 100 is the highest or best rating.

In the bottom half of the above boxes, we are showing you the results from different types of
ballots (or voting methods).

e The "Pick One Summary" table shows counts of voters' choices for their favorite
candidate.

e The "Rankings Summary" table shows the results of voters ranking the candidates by
preference. This method works by first counting all **1st choice' votes. Next the
candidate with the least support (here, Candidate C) is eliminated (**X'* notes
elimination). Votes that were cast for an eliminated candidate are re-distributed
based on the next favorite candidate. This final voting count is seen in the "Final
Choice" column.

e The "Ratings Summary" table shows the average ratings after having voters rate the
candidates on a 0-100 scale, where 0 is the lowest or worst rating and 100 is the highest
or best rating.

Note that in this example Candidate A is the best candidate on all three ballots:
« Candidate A has 3 (60.0%) of the votes in the "Pick One Summary" table.
o Candidate A has 4 (66.7%) of the votes in the "Rankings Summary" table.
« Candidate A has an average rating score of 84.5, higher than any other candidate, in the
"Ratings Summary" table.

[Raw Data Only Condition]
This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate'
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system. The example below has three job
candidates ("A", "B", & "C") and six members on the hiring committee (Voters 1-6). We will
hide the names of job candidates and voters just to make the tables less cluttered.

The company decides that instead of just using one voting system, the hiring committee will use

all three voting systems. Your job is to decide which candidate won based on the results
from the three different voting systems.
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Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings

Voter|Choice Voter| 1st|2nd|3rd Voter| A B C
1 A 1 A|lB|C 1 100| 50 | 15
2 B 2 B|A|C 2 82 | 90 | 30
3 A 3 A|lB|C 3 95 | 70 | 25
4 A 4 A|lB|C 4 87 | 60 | 20
5 C 5 C|A|B 5 73 | 25 | 100
6 B 6 B|A|C 6 70 | 80 | 50

In the tables above, we are showing you each voters' choices for the three different types of
ballots (or voting methods).
« Inthe "Pick One Candidate" voter system the voters are asked to pick their favorite
candidate.
« Inthe "Rank All Candidates" voter system the voters rank the candidates by preference
(for example, 1st, 2nd, 3rd)
« Inthe "Rate All Candidates™ voter system the voters rate the candidates on a 0-100 scale,
where 0 is the lowest or worst rating and 100 is the highest or best rating.

Note that in this example Candidate A is the best candidate on all three ballots.

[Summary Data Only Condition]
This study is about how groups of people make collective decisions. We will be using an
example of a company hiring a job candidate.

Scenario:

There is a hiring committee of people who work for the company who have different preferences
about which candidates would be best to hire. The company has realized that there are different
ways that the hiring committee can vote for the candidates. One way is that each member of the
hiring committee simply chooses their favorite candidate. We call this the 'Pick One Candidate'
voting system. Another way is that each member of the hiring committee ranks each candidate as
their first, second, or third favorite. We call this the 'Rank All Candidates' voting system.
Another way is that each member of the hiring committee rates each candidate from 100 (best) to
0 (worst). We call this the 'Rate All Candidates' voting system. The example below has three job
candidates ("A", "B", & "C") and six members on the hiring committee (Voters 1-6). We will
hide the names of job candidates and voters just to make the tables less cluttered.

The company decides that instead of just using one voting system, the hiring committee will use

all three voting systems. Your job is to decide which candidate won based on the results
from the three different voting systems.
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Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1™ Choice| Final Choice A B C
A 3 (60.0%) A 3(60.0%)| 4 (66.7%) [Avg. score| 84.5 | 62.5 | 40.0
B 2 (33.3%) B 2(33.3%)| 2(33.3%)
C 1(16.7%) C 1 (16.7%) X

In the tables above, we are showing you the results from different types of ballots (or voting

methods).
e The "Pick One Summary" table shows counts of voters' choices for their favorite
candidate.

e The "Rankings Summary" table shows the results of voters ranking the candidates by
preference. This method works by first counting all **1st choice™ votes. Next the
candidate with the least support (here, Candidate C) is eliminated (*"X'* notes
elimination). Votes that were cast for an eliminated candidate are re-distributed
based on the next favorite candidate. This final voting count is seen in the "'Final
Choice™ column.

e The "Ratings Summary" table shows the average ratings after having voters rate the
candidates on a 0-100 scale, where 0 is the lowest or worst rating and 100 is the highest
or best rating.

Note that in this example Candidate A is the best candidate on all three ballots:
« Candidate A has 3 (60.0%) of the votes in the "Pick One Summary" table.
« Candidate A has 4 (66.7%) of the votes in the "Rankings Summary" table.
« Candidate A has an average rating score of 84.5, higher than any other candidate, in the
"Ratings Summary" table.

[This question was shown to participants in either: “Raw-+Summary Data” or “Summary Data
Only” conditions]

What does the "X" represent in the "Final Choice™ column within the "Rankings Summary"
table?

This method works by first counting all "1st choice™ votes. Next the candidate with the least
support (here, Candidate C) is eliminated ("X" notes elimination). VVotes that were cast for an
eliminated candidate are re-distributed based on the next favorite candidate. This final voting
count is seen in the "Final Choice" column.

e "X" notes a candidate's elimination, where their votes are redistributed to the next
favorite candidate in the "Final Choice" column.  [correct answer]
e "X" notes that a candidate did not receive any votes.
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[Feedback from the prior question was shown to participants in either: “Raw+Summary Data” or
“Summary Data Only” conditions. Participants were shown one of the two messages below,
depending if they selected the correct answer, or not.]

Correct! "X" notes a candidate's elimination, where their votes are redistributed to the next
favorite candidate in the "Final Choice" column.

Incorrect! "X" notes a candidate's elimination, where their votes are redistributed to the next
favorite candidate in the "Final Choice" column.

On the next 13 pages you will be presented with 13 different elections and you need to decide
which candidate should be hired.

[Note: on the subsequent items, participants answered the next four questions, which were
presented below the table stimuli for each condition]

QL. Based on the information above, rate the candidates based on who should be hired.
(100=Should hire; 0=Should not hire)

e Candidate A

e Candidate B

e Candidate C

Q2. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)

e Candidate A

e Candidate B

e Candidate C

Q3. Which job candidate do you think should be hired?
(choose one)

e Candidate A

e Candidate B

e Candidate C

Q4. Which table did you primarily use to make your decisions?

e “Pick One Candidate” (Left Table)
e “Rank All Candidates” (Middle Table)
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“Rate All Candidates” (Right Table)

[Raw+Summary Data Condition]

Iltem 1

Here is an example with three job candidates ("A", "B", & "C") and four members on the hiring
committee.

Additionally, we added three summary tables which summarize the voting data for each ballot

type.
e The "Pick One Summary" table shows that 3 of the hiring committee members voted to
hire Candidate B and 1 member voted for Candidate C. No voter chose Candidate A.
« The "Rankings Summary" table shows that after eliminating the candidate with the least
support (candidate A), 3 out of the 4 voters preferred Candidate B.
e The "Ratings Summary" table shows the average rating score for the three job candidates.
Candidate B had the highest average rating with a score of 76.3
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter|1st(2nd|3rd Voter| A B C
1 B 1 B|A|C 1 60 | 95 | 25
2 B 2 B|l|A|C 2 50| 90 | 30
3 B 3 B|A|C 3 40 | 80 | 35
4 C 4 C|B|A 4 0 40 | 90
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1*' Choice | Final Choice A B C
B 3 (75.0%) B 3(75.0%)| 3(75.0%) |Avg. Score| 37.5 | 76.3 | 45.0
c 1(25.0%) C 1(25.0%)| 1(25.0%)
A 0 (0.0%) A 0 (0.0%) X

[Raw Data Only Condition]

Iltem 1

Here is an example with three job candidates ("A", "B", & "C") and four members on the hiring
committee.

In this example:

The "Pick One Candidate" table shows that 3 of the hiring committee members voted to
hire Candidate B and 1 member voted for Candidate C. No voter chose Candidate A.
The "Rank All Candidates™ table shows that 3 out of the 4 voters preferred Candidate B,
followed by Candidate A, with Candidate C as their 3rd pick.

The "Rate All Candidates™ table shows higher ratings on average for Candidate B, which
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has an average rating score of 76.3, if you were to calculate the average.

Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter|Choice Voter| 1st|2nd|3rd Voter| A B C
1 B 1 B|A|C 1 60 | 95 | 25
2 B 2 B|A|C 2 50 | 90 | 30
3 B 3 B|A|C 3 40| 80 | 35
4 C 4 C|B|A 4 0 40 | 90

[Summary Data Only Condition]

Item 1

Here is an example with three job candidates ("A", "B", & "C") and four members on the hiring
committee.

The three tables summarize the voting data for each ballot type.

The "Pick One Summary" table shows that 3 of the hiring committee members voted to
hire Candidate B and 1 member voted for Candidate C. No voter chose Candidate A.

The "Rankings Summary" table shows that after eliminating the candidate with the least
support (candidate A), 3 out of the 4 voters preferred Candidate B.

The "Ratings Summary" table shows the average rating score for the three job candidates.
Candidate B had the highest average rating with a score of 76.3

Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate| 1" Choice| Final Choice A B C
B 3 (75.0%) B 3(75.0%)| 3(75.0%) |Avg. Score| 37.5 | 76.3 | 45.0
C 1(25.0%) C 1(25.0%)| 1(25.0%)
A 0 (0.0%) A 0 (0.0%) X

[Raw+Summary Data Condition]

Item 2
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Pick One Candidate

Voter|Choice

1

2
3
4

C

E
C
C

Pick One Summary

Rank All Candidates

Rankings
Voter| 1st|2nd|3rd
1 C|lE|S
2 E|C| 5
3 C|S|E
4 C|E|S

Rankings Summary

Rate All Candidates

Ratings
Voter| E C S
1 54 | 100 | 46
2 99 [ 55| O
3 44 | 98 | 55
4 59 | 95 | 40

Ratings Summary

Voting Round Candidates
Candidate| Votes (%) Candidate|1" Choice| Final Choice E c S
C 3 (75.0%) c  |3(75.0%)] 3(75.0%) [Avg. Score| 64.0 | 87.0 | 35.3
E 1(25.0%) E 1(25.0%)| 1(25.0%)
s 0 (0.0%) s 0 (0.0%) X

[Raw Data Only Condition]

Item 2

Pick One Candidate

Voter| Choice
1 C
2 E
3 C
4 C

Rank All Candidates

Rankings

Voter|1st|2nd|3rd

oW

o0 mo0
m w M m

wr m oW

Rate All Candidates

Ratings
Voter| E C 5
1 54 (100 46
2 99 | 55| O
3 44 |1 98 | 55
4 59 | 95 | 40

[Summary Data Only Condition]

Item 2
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1% Choice | Final Choice E C S
C 3(75.0%) C 3(75.0%)| 3(75.0%) |Avg. Score| 64.0 | 87.0 | 35.3
E 1(25.0%) E 1(25.0%)| 1(25.0%)
5 0 (0.0%) 5 0 (0.0%) X

[Raw+Summary Data Condition]

Item 3
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Pick One Candidate

Voter|Choice
1 R

[= BN, RN FU R S
==l R e R e R

Pick One Summary

Rank All Candidates

Rankings

Voter| 1st|2nd|3rd
1 J

g oW
==l = R = B s B -
T v W ;WD W
- - - o T

Rankings Summary

Voting Round

Candidate| Votes (%)

Candidate|1° Choice | Final Choice

Rate All Candidates
Ratings

Voter| J R P
1 32 | 96 | 65
2 69 | 59 | 27
3 0 | 80| 96
4 35|92 |61
5 20 (100 76
6 27 |100| 69

Ratings Summary

Candidates

] R

P

R 4(66.7%) R 4(66.7% | 5(83.3%) [Avg. Score| 30.5 | 87.8 | 65.7
] 1(16.7%) ] 1(16.7%)| 1(16.7%)
P 1 (16.7%) P 1(16.7%) X
[Raw Data Only Condition]
Item 3
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter|1st|2nd|3rd Voter| ) R P
1 R 1 R|P | 1 32 | 96 | B
2 ] 2 J|IR|P 2 69 | 59 | 27
3 P 3 P|IR| I 3 0 80 | 96
4 R 4 R|P | 4 35|92 | 61
5 R 5 R|P | 5 20 (100 | 76
6 R 6 R|P | 6 27 | 100 | 69
[Summary Data Only Condition]
Item 3
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate| 1 Choice | Final Choice ] R P
R 4 (66.7%) R 4 (66.7% 5(83.3%) |Avg. Score| 30.5 | 87.8 | 65.7
J 1(16.7%) J 1(16.7%)| 1(16.7%)
P 1(16.7%) P 1(16.7%) X
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D3. Who Won the Election Task

[Note: Participants were randomized to see stimuli with either 1) “Raw+Summary Data”, 2)
“Raw Data Only”, or 3) “Summary Data Only.” The major difference between the conditions is
whether or not participants saw summary tables for each ballot type. For simplicity, only the
“Raw+Summary Data” stimuli are shown below. See Appendix D2 for condition comparisons.]

For each item participants answered three questions which appeared below each figure.

1. Based on the above graph, rate the candidates based on who should be hired.
(100=most fair to hire; O=least fair to hire)

e Candidate A

e Candidate B

e Candidate C

2. Rank order the candidates based on who you think should be hired.
(Top = first to hire; bottom = last to hire)

e Candidate A

e Candidate B

e Candidate C

3. Which job candidate do you think should be hired?
(choose one)

Candidate A

Candidate B

Candidate C

4. Which table did you primarily use to make your decisions?
“Pick One Candidate” (Left Table)

“Rank All Candidates” (Middle Table)

“Rate All Candidates” (Right Table)

The stimuli items are presented below.
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Item 1

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter| Choice Voter| 1st|2nd| 3rd Voter| K | A | 5
1 K 1 K|A]S 1 95 | 54 8
2 5 2 S|AK 2 9 | 50| 96
3 K 3 K|A]S 3 100 | 60 | 14
4 K 4 K|A|S 4 87 |46 | O
5 A 5 AlK|S 5 62 | 97 | 51
6 A 6 AlK]S 6 73| 87 | 41
7 A 7 AlS|K 7 46 | 87 | 68
8 K 8 K|A|S 8 92 | 68 | 22
9 S 9 S|A|K 9 16 | 57 | 97
10 K 10 |K|A|S 10 |91 (50| 4
11 A 11 AlKI|S 11 67 | 93 | 47
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1™ Choice| Final Choice K A S
K 5 (45.5%) A 4(36.4%)| 6(54.5%) |Avg. Score| 67.1 | 68.1 | 40.7
A 4 (36.4%) K 5 (45.5%)| 5 (45.5%)
S 2(18.2%) S 2 (18.2%) X
Item 2

Pick One Candidate

Voter| Choice
1 G
2 C
3 z
4 C
5 C
[ G
7 G

Pick One Summary

Rank All Candidates

Rankings

Voter

1st|2nd|3rd

VI = B ¥, B R TV Iy N

GO0 nNNOG
NN MNMNGOD NN
oo noon

Rankings Summary

Rate All Candidates

Ratings
Voter| C Z G
1 16 | 63 | 92
2 90 | 65 | 19
3 46 | 92 | 63
4 92 (46| O
5 95 | 60 | 14
6 9 | 55 |100
7 25| 71| 84

Ratings Summary

Voting Round Candidates
Candidate| Votes (%) Candidate|1™ Choice| Final Choice C z G
[ 3 (42.9%) G 3(42.9%)| 4(57.1%) [Avg. Score| 53.3 | 64.6 | 53.1
G 3(42.9%) C 3(42.9%)| 3 (42.9%)
z 1(14.3%) z 1 (14.3%) X
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Item 3

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter| A | O F
1 A 1 A|lO|F 1 88 | 44 | 23
2 F 2 FIO|A 2 12 | 82 | 98
3 F 3 FIO|A 3 9 79 (100
4 A 4 A|lO|F 4 91 | 21 0
5 A 5 A|lO|F 5 94 | 37 | 16
] F [ FIO|A [} 16 | 86 | 95
7 F 7 FIO|A 7 19 | 89 | 92
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1°' Choice | Final Choice A 0 F
F 4(57.1%) F 4(57.1%)| 4 (57.1%) [Avg. Score| 47.0 | 62.6 | 60.6
A 3 (42.9%) A 3(42.9%)| 3(42.9%)
o 0 (0.0%) o] 0 (0.0%) X
Iltem 4

Pick One Candidate

Rank All Candidates

Rate All Candidates

207

Rankings Ratings
Voter| Choice Voter|1st|2nd|3rd Voter| N L | W
1 L 1 LI{W|[N 1 44 | 94 | 69
2 L 2 L{W/[|N 2 53 | 84 | 60
3 W 3 WI|L|N 3 3 66 | 90
4 N 4 N|L|W 4 91 | 47 | 23
5 W 5 WI|L|N 5 0 63 | 87
6 N 6 N|L|W 6 91 | 28 4
7 W 7 |W|L|[N 7 21| 83| 93
8 N 8 N|L|W 8 94 | 44 | 19
9 N 9 N|L|W 9 |[100]| 38 | 13
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1™ Choice| Final Choice N L w
N 4 (44.4%) W |3(33.3%)| 5(55.6%) [Avg. Score| 55.2 | 60.3 | 50.9
W 3 (33.3%) N 4(44.4%)| 4(44.4%)
L 2 (22.2%) L 2 (22.2%) X




Item 5

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter|Choice Voter| 1st|2nd|3rd Voter| | Q z
1 | 1 Q) 1 81 |75| 0
2 Q 2 Q|l|Z 2 82 | 88 | 48
3 | 3 Q) 3 84| 79| 3
4 | 4 Q) 4 8 | 80| 5
5 z 5 Z|1ajl 5 41 | 47 | 89
6 Q 6 |1 |z 6 80 | 86 | 50
7 z 7 Z1Qajl 7 30 | 36 | 100
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1™ Choice| Final Choice I Q z
I 3 (42.9%) Q 2(28.6%)| 4(57.1%) [Avg. score| 69.1 ] 70.1 | 421
Q 2 (28.6%) I 3(42.9%)| 3(42.9%)
z 2 (28.6%) z 2 (28.6%) X
Item 6
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter|1st|2nd|3rd Voter| J S U
1 J 1 Jis|u 1 95 | 45 | 4
2 ] 2 J1S|u 2 84 | 67 | 26
3 S 3 S|{ufl 3 43 | 93 | 67
4 J 4 Jis|u 4 94 | 58 | 17
5 J 5 J1Ss|u 5 100( 51 | 10
6 J 6 Jis|u 6 97 | 55 | 14
7 u 7 uj|siJ 7 8 58 | 99
8 U 8 uls|J 8 18 | 68 | 92
9 S 9 S|tuj|J 9 54 | 97 | 56
10 U 10 Ul s|J 10 22 | 72 | 88
11 J 11 | 1| s|U 11 |97 | 47| 5
12 U 12 Ul siJ 12 11 | 81 | 99
13 U 13 |U|s| 13 050|991
14 S 14 S|tuj|J 14 [ 45| 95 | 65
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1"" Choice | Final Choice ] ] u
J 6 (42.9%) u 5(35.7%)| 8(57.1%) ‘Avg. Score| 54.9 | 65.5 | 52.4
U 5 (35.7%) ] 6(42.9%)| 6(42.9%)
S 3(21.4%) S 3(21.4%) X
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Item 7

Pick One Candidate

Rank All Candidates

Rate All Candiclates

Rankings Ratings
Voter| Choice Voter| 1st | 2nd Voter| T K
1 K 1 K T 1 51| 53
2 T 2 T K 2 95 | 8
3 K 3 K T 3 29 | 75
4 T 4 T K 4 99
5 T 5 T K 5 98 | O
6 T 6 T K 6 90 | 14
7 K 7 K T 7 41 | 63
8 K 8 K T 8 3 (100
9 K 9 K T 9 18 | 85
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate| 1% Choice T K
K 5 (55.6%) K 5 (55.6%) Avg. Score| 58.2 | 44.7
T 4 (44.4%) T 4(44.4%)
Item 8
Pick One Candidate Rank All Candidates Rate All Candidates
Rankings Ratings
Voter| Choice Voter| 1st 2nd|3rd Voter L | M | U
1 M 1 M|U|L 1 60 | 92 | 61
2 L 2 LIM|U 2 94 | 74 | 26
3 M 3 M| L|U 3 66 | 99 | 55
4 U 4 UlmM|L 4 6 39 | 87
5 M 5 M[{L|U 5 71| 97 | 49
[} u 6 UufmMmj|L 6 16 | 48 | 96
7 L 7 LIM|U 7 90 | 79 | 31
8 L 8 L{M|U 8 97 | 71 | 24
9 L 9 LIM|U 9 96 | 63 | 15
10 L 10 LIM|U 10 99 | 67 | 19
11 u 11 UufmMmj|L 11 32 | 64 | 89
12 M 12 (M| LU 12 74 | 94 | 47
13 u 13 UufmMmj|L 13 10 | 42 | 90
14 L 14 L{M|U 14 87 | 82 | 34
15 U 15 |[UM| L 15 25 | 58 | 96
16 u 16 UufmMmj|L 16 0 33 | 80
17 U 17 |[UM]| L 17 21 | 53 | 100
18 M 18 (M| LU 18 62 | 95 | 58
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1* Choice | Final Choice L M U
U 7 (38.9%) L 6 (33.3%) 10 Avg. Score| 55.9 | 69.4 | 58.7
L 6(33.3%) u 7 (38.9%) 8
M 5 (27.8%) M 5 (27.8%)
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Item 9

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter| Choice Voter| 1st 2nd|3rd Voter| Z c X
1 Z 1 Z|C | X 1 92 | 60 | 16
2 X 2 X|C|Z 2 6 56 | 100
3 z 3 Z|C X 3 90 | 63 | 19
4 z 4 Z|C|X 4 94 | 44| O
5 z 5 Z|C X 5 99 | 49 | 5
[ C B C| X | Z 5 47 | 97 | 61
7 X 7 X|C|Z 7 11 | 60 | 98
8 X 8 X|cCc|zZ 8 2 | 52| 96
9 X g X|C|Z 9 20| 70 | 89
10 C 10 |C| X | 2Z 10 | 43 | 92 | 66
11 X 11 X|C|Z 11 18 | 67 | 91
12 z 12 | Z | C| X 12 | 96 | 57 | 13
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate|1™ Choice| Final Choice z C X
X 5 (41.7%) X 5(41.7%)| 7 (58.3%) |Avg. Score| 51.5 | 63.9 | 54.5
z 5 (41.7%) z 5(41.7%)| 5 (41.7%)
C 2 (16.7%) C 2 (16.7%) X
Item 10

Pick One Candidate

Rank All Candidates

Rate All Candidates

Rankings Ratings
Voter| Choice Voter| 1st|2nd|3rd Voter Q ]
1 ] 1 J|1aQ| N 1 7 16 | 50
2 N 2 NyQ)| 2 55 | 47 | 12
3 J 3 Jla| N 3 15| 23 | 58
4 J 4 QN 4 24 | 33 | o7
5 N 5 N| Q] J 5 47 | 39 4
6 Q 6 Q| N|J 6 85| 93| 76
7 N 7 NyQ)| 7 60 | 52 | 17
8 J 8 Jla| N 8 0 9 43
9 J 9 QN 9 35| 43| 78
10 Q 10 Q| N|J 10 91 | 100 | &9
11 N 11 N|Q] ] 11 68 | 60 | 25
Pick One Summary Rankings Summary Ratings Summary
Voting Round Candidates
Candidate| Votes (%) Candidate| 1% Choice| Final Choice N Q ]
J 5(45.5%) N 4(36.4%)| 6(54.5%) ‘Avg. Score| 44.3 | 46.8 | 45.4
N 4(36.4%) ] 5 (45.5%)| 5 (45.5%)
Q 2 (18.2%) Q 2 (18.2%) X
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D4. Voting system introduction

[Note: Participants were formally introduced to cardinal, plurality, and ranked-choice voting in
this block. The voting system order was randomized for each participant.]

After each voting system was introduced the participant was asked:

Q. How fair is [cardinal/plurality/RCV] voting? Rate from very fair (100) to not very fair (0).
[slider question format]

The stimuli follows:

The next three pages will teach you about three different ways to determine who should win
when multiple people are voting.

[Raw+Summary Data]
[Cardinal]
One method to determine election outcomes is to have voters rate each candidate. This is
called cardinal voting. In cardinal voting the candidate that has the highest average rating wins.
In the information presented below we show the ratings of four voters for three candidates.

As you can see, C has the lowest voter rating on average [math: (100+67+0+25)/4=48.0]. A and
B both have higher voter ratings on average. However, B has a better voter rating on average
[math: (67+100+50+75)/4=73.0] than A [math: (17+50+100+92)/4=64.8]. Thus, according to
cardinal voting, candidate B would win.

Rate All Candidates
Ratings
Voter| A B C
1 17 | 67 (100
2 50 (100 | 67
3 100 | 50 0
4 92 | 75 | 25

Ratings Summary

Candidates
A B [
Avg. Score| 64.8 | 73.0 | 48.0

[Plurality]
One method to determine election outcomes is to allow all voters to choose only one candidate
and the candidate with the most votes wins. This is called plurality voting. Plurality voting
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prioritizes selecting a winner who has the single most support. A winning candidate in a plurality
system needs to have more votes than any other candidate but does not necessarily need to have
over 50% of the votes to win.

For example, in the information presented below “Candidate A” has 4 out of 9 hiring committee
members support. “Candidate B has 2 out of the 9 hiring committee members support.
“Candidate C” has 3 out of the 9 hiring committee members support. Using a Plurality voting
system, Candidate A would win, even though they did not receive more than 50% of the votes.

Pick One Candidate

Voter |Choice

=
m

(=T <= RN« (RS N S AU S
[ T =T = o T o T~ =T

Pick One Summary

Candidate | Votes (%)
A 4 (44.4%)
C 3 (32.3%)
B 2 (22.2%)

[Ranked-Choice Voting]

One method to determine election outcomes is to focus on how each voter ranks the candidates
(e.g., first, second, third preference). This is called ranked-choice voting. Ranked-choice voting
prioritizes majority approval and a winning candidate must have over 50% of the total votes.
This works by first counting all voters' first preference and seeing if any candidate has over 50%
support. If so, this candidate wins. If not, then the candidate with the least amount of support is
“eliminated” and their votes are re-assigned to their next favorite candidate. The votes are then
counted again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the information presented below, there are four voters who rank Candidate A as
their first choice. There are three voters who rank C as their first choice and there are two voters
who rank B as their first choice.

Although A has the most first choice votes (4 out of 9), A does not have over 50% of the votes.
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Because B has the fewest first choice votes, B would be removed as a candidate, and B’s votes
would be reassigned. In this case, the two voters who most preferred B would be reassigned to C,
because this is their 2nd choice. Once B is removed, there are 5 votes for C, and 4 votes for A, so
Candidate C would win.

Rank All Candidates

Rankings

Voter| 1st|2nd|3rd
1

s}
==}
>

[T-T- RN Y ST N
0> @ >N
@ wONE®@N
o0 0P>0>2PR

Rankings Summary

Voting Round

Candidate|1™ Choice| Final Choice
C 3(33.3%)| 5(55.6%)
A 4(44.4%)| 4(44.4%)
B 2(22.2%) X

[Raw Data Only Condition]
[Cardinal]
One method to determine election outcomes is to have voters rate each candidate. This is
called cardinal voting. In cardinal voting the candidate that has the highest average rating wins.
In the information presented below we show the ratings of four voters for three candidates.

As you can see, C has the lowest voter rating on average [math: (100+67+0+25)/4=48.0]. A and
B both have higher voter ratings on average. However, B has a better voter rating on average
[math: (67+100+50+75)/4=73.0] than A [math: (17+50+100+92)/4=64.8]. Thus, according to
cardinal voting, candidate B would win.

Rate All Candidates
Ratings
Voter| A B C
1 17 | &7 | 100
50 (100 | 67
100| 50| O
92 | 75| 25

BowoN
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[Plurality]

One method to determine election outcomes is to allow all voters to choose only one candidate
and the candidate with the most votes wins. This is called plurality voting. Plurality voting
prioritizes selecting a winner who has the single most support. A winning candidate in a plurality
system needs to have more votes than any other candidate but does not necessarily need to have
over 50% of the votes to win.

For example, in the information presented below “Candidate A has 4 out of 9 hiring committee
members support. “Candidate B has 2 out of the 9 hiring committee members support.
“Candidate C” has 3 out of the 9 hiring committee members support. Using a Plurality voting
system, Candidate A would win, even though they did not receive more than 50% of the votes.

Pick One Candidate

Voter |Choice
1 B

[C= - RN I N R T N
[T == T T o T — s~ =

[Ranked-Choice Voting]

One method to determine election outcomes is to focus on how each voter ranks the candidates
(e.g., first, second, third preference). This is called ranked-choice voting. Ranked-choice voting
prioritizes majority approval and a winning candidate must have over 50% of the total votes.
This works by first counting all voters' first preference and seeing if any candidate has over 50%
support. If so, this candidate wins. If not, then the candidate with the least amount of support is
“eliminated” and their votes are re-assigned to their next favorite candidate. The votes are then
counted again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the information presented below, there are four voters who rank Candidate A as
their first choice. There are three voters who rank C as their first choice and there are two voters

who rank B as their first choice.

Although A has the most first choice votes (4 out of 9), A does not have over 50% of the votes.
Because B has the fewest first choice votes, B would be removed as a candidate, and B’s votes
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would be reassigned. In this case, the two voters who most preferred B would be reassigned to C,
because this is their 2nd choice. Once B is removed, there are 5 votes for C, and 4 votes for A, so
Candidate C would win.

Rank All Candidates

Rankings

Voter| 1st|2nd|3rd
1

w
=

W oo N R W
0Pk @0 ®EO
[o=J = I = R o s o W = B e = B
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[Summary Data Only Condition]

[Cardinal]

One method to determine election outcomes is to have voters rate each candidate. This is

called cardinal voting. In cardinal voting the candidate that has the highest average rating wins.
In the information presented below we show the ratings of four voters for three candidates.

As you can see, C has the lowest voter rating on average [math: (100+67+0+25)/4=48.0]. A and
B both have higher voter ratings on average. However, B has a better voter rating on average
[math: (67+100+50+75)/4=73.0] than A [math: (17+50+100+92)/4=64.8]. Thus, according to
cardinal voting, candidate B would win.

Ratings Summary

Candidates
A B C
Avg. Score| 64.8 | 73.0 | 48.0

[Plurality]

One method to determine election outcomes is to allow all voters to choose only one candidate
and the candidate with the most votes wins. This is called plurality voting. Plurality voting
prioritizes selecting a winner who has the single most support. A winning candidate in a plurality
system needs to have more votes than any other candidate but does not necessarily need to have
over 50% of the votes to win.
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For example, in the information presented below “Candidate A has 4 out of 9 hiring committee
members support. “Candidate B” has 2 out of the 9 hiring committee members support.
“Candidate C” has 3 out of the 9 hiring committee members support. Using a Plurality voting
system, Candidate A would win, even though they did not receive more than 50% of the votes.

Pick One Summary

Candidate| Votes (%)
A 4 (44.4%)
C 3(33.3%)
B 2(22.2%)

[Ranked-Choice Voting]

One method to determine election outcomes is to focus on how each voter ranks the candidates
(e.g., first, second, third preference). This is called ranked-choice voting. Ranked-choice voting
prioritizes majority approval and a winning candidate must have over 50% of the total votes.
This works by first counting all voters' first preference and seeing if any candidate has over 50%
support. If so, this candidate wins. If not, then the candidate with the least amount of support is
“eliminated” and their votes are re-assigned to their next favorite candidate. The votes are then
counted again to see if a candidate has over 50% support. If so, this candidate wins. If not, the
process is repeated.

For example, in the information presented below, there are four voters who rank Candidate A as
their first choice. There are three voters who rank C as their first choice and there are two voters
who rank B as their first choice.

Although A has the most first choice votes (4 out of 9), A does not have over 50% of the votes.
Because B has the fewest first choice votes, B would be removed as a candidate, and B’s votes
would be reassigned. In this case, the two voters who most preferred B would be reassigned to C,
because this is their 2nd choice. Once B is removed, there are 5 votes for C, and 4 votes for A, so
Candidate C would win.

Rankings Summary

Voting Round

Candidate|1™ Choice| Final Choice
c 3(33.3%)| 5 (55.6%)
A 4(44.4%) | 4 (44.4%)
B 2 (22.2%) X
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D5. Open-Ended Voting System Pros/Cons Questions

In this study you have learned about three different voting systems (cardinal/"rate candidates",
plurality/"pick one", and ranked-choice voting/"rank candidates").

On the next few pages you will be asked to explain what you like and don't like about these
voting systems.

[Note: The presentation for 3 voting systems’ open-ended questions was counterbalanced.]

[Cardinal]
What are the reasons you like cardinal/*rate candidates' voting?
(Please explain your reasoning by writing at least a few sentences.)

What are the reasons you don't like cardinal/*rate candidates' voting?
(Please explain your reasoning by writing at least a few sentences.)

[Plurality]
What are the reasons you like plurality/*pick one' voting?
(Please explain your reasoning by writing at least a few sentences.)
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What are the reasons you don't like plurality/*pick one™ voting?
(Please explain your reasoning by writing at least a few sentences.)

[Ranked-Choice]
What are the reasons you like ranked-choice/"'rank candidates’ voting?
(Please explain your reasoning by writing at least a few sentences.)

What are the reasons you don't like ranked-choice/*'rank candidates' voting?
(Please explain your reasoning by writing at least a few sentences.)
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Appendix E. Choice Consistency Linear Discriminant Analysis Results

Equal prior probabilities (.33) were set for participant’s voting system group membership in
both analyses. The reason for this decision (in contrast to using proportional group membership)
is because voting system preferences were measured after the Who Won the Election Task and
voting system preferences may have been influenced by the experience. Additionally, a “leave-
one-out” internal classification system was used, where each case is classified by the
discriminant functions from all other cases other than itself (Lachenbruch & Mickey, 1968). This
method reduces bias and provides more conservative estimates than an uncorrected classification
method.

Study 1

Predicting Voting System Preferences by Choices in the Who Won the Election Task

We found that the 3 predictors of representing competing voting mechanisms for determining
electoral outcomes (plurality, ranked-choice, and cardinal voting choices in the Who Won the
Election Task) were able to significantly distinguish participants’ voting system preferences, A =
.87, ¥%(6) = 39.18, p < .001. The second function was not found to be significant, A = .99, ¥*(2) =
2.59, p = .275. Of the variance explained, 93.8% is explained by Function 1, with only 6.2%
explained by Function 2.

Function 1 had high standardized discriminant function coefficients (i.e., a measure of unique
variance for predictors) for WWET cardinal scores (.75) and WWET plurality scores (-.52) and a
lower coefficient for WWET RCV scores (.24). Additionally, Function 1 had high structure
matrix coefficients (i.e., a measure of individual, non-unique, contributions) for Who Won the
Election Task choice scores for cardinal (.98), plurality (-.90), and RCV (-.82).

Together, these results indicate that Function 1 distinguished participants who chose the
cardinal option and those who chose the plurality option, with RCV choices being somewhere in
between these two distributions. However, the structure matrix coefficients indicate that Ranked-
Choice voting choices tended to be more similar to Plurality choices, than cardinal (see Table
E1).

Table E1. Discriminant Functions for Who Won the Election Task Choices Predicting VVoting
System Preferences

Standardized Discriminant Structure Matrix
Function Coefficients Coefficients
Predictor Variables Function 1 Function 2 Function 1 Function 2
WWET Cardinal .75 1.44 .98 A2
WWET Plurality -52 A4 -.90 42
WWET RCV .24 1.23 -.82 .53

The overall hit rate for successfully predicting voting system preferences from choices in the
Who Won the Election Task was 41.50%. A Huberty’s | of .13 was found, indicating a small
effect size in the Who Won the Election Task’s ability to predict voting system preferences
(Huberty, & Lowman, 2000). The hit rate for three groups was 52.10% for plurality (z = 3.42, p
<.001), 30.2% for RCV (z =-.73, p = .465) and 56.30% (z = 3.96, p <.001) for cardinal voting.
From the Who Won the Election Task choices we could correctly classify participants who
preferred plurality and cardinal voting systems, but the predictions for RCV participants was at
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chance levels.

Predicting Voting System Preferences by Choices in the Who Won the Election Task and
Individual Difference Measures

Beyond examining if choices in the Who Won the Election Task alone can predict
participants’ voting system preferences, we were interested if the addition of important
individual difference measures could increase predictability of voting system preferences.
Additionally, we want to assess the relative contribution of competing measures. Two questions
are being addressed here. The first, what are the patterns of relations across the individual
difference measures, including Who Won the Election Task choices, for predicting voting system
preferences. The second, how does the introduction of individual difference measures, beyond
just the inclusion participants’ choices in the Who Won the Election Task, affect our ability to
predict voting preferences.

We found that the choices in the Who Won the Election Task and the individual difference
measures together were able to significantly distinguish participants’ voting system preferences,
L =78, ¥*(26) = 69.37, p < .001. Additionally, the second function was also found to be
significant, A = .92, y2(12) = 22.46, p = .033. Of the variance explained, 68.6% is explained by
Function 1 and 31.4% is explained by Function 2.

Function 1 had high standardized discriminant function coefficients (i.e., a measure of unique
variance for predictors) for Who Won the Election Task Plurality scores (-.38), WWET cardinal
scores (.53), and lower standardized discriminant coefficients for utilitarianism (.28) and CRT
(.20). Additionally, Function 1 had high structure matrix coefficients (i.e., a measure of
individual, non-unique, contributions) for WWET cardinal choices (.85), WWET plurality
choices (-.78), WWET RCV (-.71) and lower structure matrix coefficients for CRT (.37),
learning comprehension score (.34), utilitarianism (.26), and numeracy (.23).

Function 2 had high standardized discriminant function coefficients for Who Won the
Election Task plurality choices (.53), fairness/reciprocity (.70), and authority/respect (-.87), and
lower standardized discriminant function coefficients for Who Won the Election Task cardinal
choices (.34), harm/care (-.46), and conservatism (.41). Additionally, Function 2 had high
structure matrix coefficients for authority/respect (-.65), in-group/loyalty (-.43), and
purity/sanctity (-.40), and lower structure matrix coefficients for WWET plurality choices (.19),
WWET RCV choices (.21), fairness/reciprocity (.29), conservatism (-.21), and harm/care (-.10).
See Table E2 for complete results.
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Table E2. Discriminant Functions for Individual Difference Measures Predicting Voting
System Preferences

Standardized Discriminant Structure Matrix
Function Coefficients Coefficients

Predictor Variables Function 1 Function 2 Function 1 Function 2
WWET Cardinal .54 34 .85 -.01
WWET Plurality -.38 53 -.78 19
WWET RCV .06 .20 -71 21
Authority/Respect -.29 -.87 -.24 -.65
Fairness/Reciprocity -.30 .70 -11 .29
Harm/Care 19 -.46 -.01 -.10
In-group/Loyalty .03 07 -12 -43
Purity/Sanctity -.01 -.06 -.15 -40
Conservatism 27 41 -.01 -21
Utilitarianism .28 -17 .26 -11
CRT .20 27 37 24
Numeracy .05 .02 23 .02
Learning Comp. Score .10 22 34 .28

Function 1, which accounted for most of the explained variance, distinguished participants
who tended to choose less of the Election Task Plurality choices and more of the Election Task
Cardinal choices. These participants tended to be higher in utilitarianism, cognitive reflection
(CRT), numeracy, and learning comprehension scores. Function 2 found meaningful patterns
among the moral/ideological variables. Function 2 best distinguished participants who chose
Election Task Plurality choices and were high in fairness but low in authority/respect. These
participants also tended to be lower in harm/care, in-group/loyalty, and purity/sanctity.

The overall hit rate for successfully predicting voting system preferences from choices in the
Election Task was 41.90%. A Huberty’s | of .13 was found, indicating a small effect size in the
Election Task choices and individual difference measures’ ability to predict voting system
preferences (Huberty, & Lowman, 2000). The hit rate for three groups was 52.10% for plurality
(z=3.42,p <.001), 32.20% for RCV (z =-.21, p = .833) and 53.10% (z = 3.42, p < .001) for
cardinal voting. From the included predictor variables, we could correctly classify participants
who preferred plurality and cardinal voting systems, but the predictions for RCV participants
was again at chance levels.

Study 2

A similar analysis to Study 1 was completed for Study 2. However, because participants
completed the Who Won the Election Task twice, followed by two separate sessions of rating the
fairness of the competing voting systems, two linear discriminant analysis were conducted. The
first predicting voting system preferences (Time 1) from WWET choices (Time 1) and the
second predicting voting system preferences (Time 2) from WWET choices (Time 2).

Time Point 1 (Before Formally Learning About Voting Systems)

We found that the 3 predictors of representing competing voting mechanisms for determining
electoral outcomes (plurality, ranked-choice, and cardinal voting choices in the Who Won the
Election Task) were able to significantly distinguish participants’ voting system preferences, A =
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.88, ¥%(6) = 40.60, p < .001. The second function was not found to be significant, A = 1.00, ¥*(2)
= .69, p =.709. Of the variance explained, 98.4% is explained by Function 1, with only 1.6%
explained by Function 2.

Function 1 had high standardized discriminant function coefficients (i.e., a measure of unique
variance for predictors) for WWET cardinal scores (.80),WWET plurality scores (-.84) and
WWET RCV scores (.68). Additionally, Function 1 had high structure matrix coefficients (i.e., a
measure of individual, non-unique, contributions) for Who Won the Election Task choice scores
for cardinal (.97), plurality (-.85), and RCV (-.71).

Together, these results indicate that Function 1 distinguished participants who chose the
cardinal option and those who chose the plurality option, with RCV choices being somewhere in
between these two distributions. However, the structure matrix coefficients indicate that Ranked-
Choice voting choices tended to be more similar to Plurality choices, than cardinal (see Table
B3).

Table E3. Discriminant Functions for Who Won the Election Task Choices (Time Point 1)
Predicting Voting System Preferences (Time Point 1)

Standardized Discriminant Structure Matrix
Function Coefficients Coefficients
Predictor Variables Function 1 Function 2 Function 1 Function 2
WWET Cardinal .80 141 .97 21
WWET Plurality -.84 2.77 -.85 .33
WWET RCV .68 -1.39 -71 15

The overall hit rate for successfully predicting voting system preferences from choices in the
Who Won the Election Task was 41.90%. A Huberty’s | of .13 was found, indicating a small
effect size in the Who Won the Election Task’s ability to predict voting system preferences
(Huberty, & Lowman, 2000). The hit rate for three groups was 59.80% for plurality (z=5.76, p
<.001), 27.10% for RCV (z = -1.56, p = .119) and 49.21% (z = 2.74, p < .01) for cardinal voting.
From the Who Won the Election Task choices we could correctly classify participants who
preferred plurality and cardinal voting systems, but the predictions for RCV participants was at
chance levels.

Time Point 2 (After Formally Learning About Voting Systems)

We found that the 3 predictors of representing competing voting mechanisms for determining
electoral outcomes (plurality, ranked-choice, and cardinal voting choices in the Who Won the
Election Task) were able to significantly distinguish participants’ voting system preferences, A =
81, ¥*(6) = 64.99, p < .001. The second function was not found to be significant, A = 1.00, *(2)
= 1.24, p = .538. Of the variance explained, 98.3% is explained by Function 1, with only 1.7%
explained by Function 2.

Function 1 had high standardized discriminant function coefficients (i.e., a measure of unique
variance for predictors) for WWET plurality scores (1.13), and lower standardized discriminant
function coefficients for WWET cardinal scores (-.44) and WWET RCV scores (-.59).
Additionally, Function 1 had high structure matrix coefficients (i.e., a measure of individual,
non-unique, contributions) for Who Won the Election Task choice scores for cardinal (-.92),
plurality (.94), and RCV (-.59).

Together, these results indicate that Function 1 distinguished participants who chose the
cardinal option and those who chose the plurality option, with RCV choices being somewhere in
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between these two distributions. However, the structure matrix coefficients indicate that Ranked-
Choice voting choices tended to be more similar to Plurality choices, than cardinal (see Table
B4).

Table E4. Discriminant Functions for Who Won the Election Task Choices (Time Point 2)
Predicting Voting System Preferences (Time Point 2)

Standardized Discriminant Structure Matrix
Function Coefficients Coefficients
Predictor Variables Function 1 Function 2 Function 1 Function 2
WWET Cardinal -.44 .64 -.92 -.01
WWET Plurality 1.13 -1.33 .94 32
WWET RCV -.59 .64 79 .61

The overall hit rate for successfully predicting voting system preferences from choices in the
Who Won the Election Task was 47.50%. A Huberty’s | of .22 was found, indicating a medium
effect size in the Who Won the Election Task’s ability to predict voting system preferences
(Huberty, & Lowman, 2000). The hit rate for three groups was 61.32% for plurality (z = 6.20, p
<.001), 30.34% for RCV (z =-.68, p = .497) and 62.32% (z = 5.18, p < .001) for cardinal voting.
From the Who Won the Election Task choices we could correctly classify participants who
preferred plurality and cardinal voting systems, but the predictions for RCV participants was at
chance levels.

Study 3

In Study 3 participants were randomized to either “raw+summary data” or “raw data only”
version of the Who Won the Election Task. Because participants made similar WWET choices
across both conditions I run the LDA collapsing across condition (which boosted the statistical
power of the analysis).

LDA Collapsing across condition assignment

We found that the 3 predictors of representing competing voting mechanisms for determining
electoral outcomes (plurality, ranked-choice, and cardinal voting choices in the Who Won the
Election Task) were not able to significantly distinguish participants’ voting system preferences,
L =.96, v*(6) = 9.16, p = .165. The structure matrix coefficients and standardized discriminant
function coefficients can be seen in Table ES5.

Table E5. Study 3: Discriminant Functions for Who Won the Election Task Choices Predicting
Voting System Preferences

Standardized Discriminant Structure Matrix
Function Coefficients Coefficients
Predictor Variables Function 1 Function 2 Function 1 Function 2
WWET Cardinal 51 .60 -.63 .62
WWET Plurality -1.44 -2.81 71 -.70
WWET RCV 2.70 2.73 .87 -.49

The overall hit rate for successfully predicting voting system preferences from choices in the
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Who Won the Election Task was 34.42%. A Huberty’s | of .02 was found, indicating a null
effect size in the Who Won the Election Task’s ability to predict voting system preferences
(Huberty, & Lowman, 2000). The hit rate for three groups was 65.91% for plurality (z = 4.67, p
<.001), 20.51% for RCV (z =-2.35, p = .019) and 31.18% for cardinal voting (z =-.37,p =
.711). From the Who Won the Election Task choices, we could correctly classify participants
who preferred a plurality voting system, but the predictions for participants who preferred
cardinal were at chance levels, and RCV was worse than chance.

LDA by condition

Table E6. LDA Hit Rate by condition for Study 3
Voting_System

Condition Cardinal  Plurality RCV
Raw+Summary Data 41.03 51.61* 25.00
Raw Data Only 31.48 46.15 38.24

Note: *p < .05; **p < .01.
Study 4

We found that the 3 predictors of representing competing voting mechanisms for determining
electoral outcomes (plurality, ranked-choice, and cardinal voting choices in the Who Won the
Election Task) were able to significantly distinguish participants’ voting system preferences, A =
91, ¥?(6) = 14.77, p = .022. The second function was not found to be significant, A = .99, y%(2) =
2.36, p = .308. Of the variance explained, 84.5% is explained by Function 1, with only 15.5%
explained by Function 2. The structure matrix coefficients and standardized discriminant
function coefficients can be seen in Table E7.

Table E7. Study 4: Discriminant Functions for Who Won the Election Task Choices Predicting
Voting System Preferences

Standardized Discriminant Structure Matrix
Function Coefficients Coefficients
Predictor Variables Function 1 Function 2 Function 1 Function 2
WWET Cardinal .08 1.65 -74 .67
WWET Plurality -1.20 -1.17 72 -44
WWET RCV 211 2.27 91 -.27
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Appendix F. Learning Comprehension Results
Study 2
Note: Time 1 = After Basic Introduction & Time 2 = After teaching intervention.

Table F1. Learning Comprehension Scores Descriptive Statistics and Pairwise Comparisons

Effect Size: Time 2 - Time 1

Time 1 M (SD) Time 2 M (SD) (Cohen's d)
Teaching Intervention Cardinal Plurality RCV Cardinal Plurality RCV Cardinal Plurality =~ RCV
Retrieval Practice 2.22(1.53) 3.51(.83) 1.30(1.20) 3.18 (1.32) 3.60(.87) 1.77(1.39) .68 11 .37
Re-Study 2.35(1.58) 3.65(.77) 1.47(1.36) 2.92 (1.44) 3.69(.78) 1.76 (1.40) .38 .05 .20
Discovery Learning 2.65(1.42) 3.69(.77) 1.32(1.33) 3.00 (1.44) 3.80 (.55) 1.69(1.52) 24 .16 .26
Control 2.06(1.68) 3.66(.84) 1.32(1.33) 2.17 (1.72) 3.65(.84) 1.40(1.40) .07 -.01 .05

Table F2. Learning Comprehension Scores Group Level Descriptive Statistics and Pairwise Comparisons

Teaching Intervention Time 1 Total Time 2 Total Effect Size: Time 2 - Time 1
M (SD) M (SD) (Cohen's d)

Retrieval Practice 7.02 (2.39) 8.56 (2.67) 61

Re-Study 7.47 (2.45) 8.37 (2.51) .36

Discovery Learning 7.67 (2.27) 8.49 (2.54) 34

Control 7.05 (2.57) 7.22 (2.84) .07

Total 7.29 (2.43) 8.17 (2.69) 34
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Study 2

Table G1. Descriptive Statistics of Raw Fairness Ratings

Appendix G. Fairness Ratings

Time 1 (After voting system introduction)

Time 2 (After teaching intervention)

M (SD) M (SD)
Teaching Intervention Cardinal Plurality RCV Cardinal Plurality RCV
Retrieval Practice 53.09 (24.10) 63.36 (22.62) 67.92 (20.6) 50.09 (22.44) 60.85 (22.56) 65.13 (18.57)
Re-Study 52.31 (23.23) 60.01 (23.97) 70.36 (21.30) 52.71 (22.43) 59.49 (22.62) 67.06 (18.60)
Discovery Learning 50.40 (24.80) 62.80 (24.00) 67.20 (21.60) 43.20 (20.50) 62.00 (23.40) 63.90 (20.60)
Control 56.03 (23.52) 58.44 (21.87) 70.03 (19.36) 58.13 (22.92) 58.06 (21.84) 68.86 (18.37)

Table G2. Descriptive Statistics and Effect Size of Absolute Difference Scores of Fairness Ratings Between Time 1 and Time 2

Absolute Difference Scores Absolute Difference Scores

M (SD) Cohen’s d

Teaching Intervention Cardinal  Plurality RCV Avg. Cardinal  Plurality RCV Avg.

Retrieval Practice 16.50 12.90 13.80 14.40 1.20 .93 1.02 1.58
(13.80) (13.80) (13.50) (9.10)

Re-Study 13.80 14.40 16.40 14.90 1.04 .90 1.15 1.34
(13.20) (16.00) (14.20) (11.10)

Discovery Learning 18.90 14.80 16.00 16.60 121 1.02 1.08 1.86
(15.60) (14.60) (14.80) (8.93)

Control 11.30 11.20 10.40 11.00 .95 94 .95 1.34
(11.80) (11.80) (11.00) (8.20)

Avg. 15.10 13.30 14.10 - 1.09 94 1.04 -
(13.90) (14.10) (13.60)
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Appendix H. Individual Difference Measures
H1. American Voting Questions

1. Right now most elections in the United States, for local, state, and federal office, use the
Plurality voting system. Do you feel like laws should be changed to switch to either a
Ranked-Choice or Cardinal voting system instead?

A. Keep using the Plurality voting system.
B. Change the laws to switch to using a Cardinal or Ranked Choice voting system.
C. No preference

2. Is it possible in the United States for Candidate A to get more total votes than Candidate B,
but for Candidate B to win the electoral college, so that Candidate B becomes president instead
of Candidate A?

A. Yes, this is possible and has happened

B. Yes, it is possible but it has not happened in modern history

C. No, this is not possible

D. I’m not sure.

3. Thinking for a moment about the way in which the president is elected in this country,
which would you prefer?
A. Amend the Constitution or change the current system so the candidate who
receives the most total votes nationwide wins the election.
B. Keep the current system, in which the candidate who wins the most votes in the
Electoral College wins the election.
C. No preference.

Note: Question #3 is from the 2020 Pew Research Center’s American Trends Panel.
https://www.pewresearch.org/wp-content/uploads/2020/03/Electoral-College-topline.pdf

4. Were you eligible to vote in the 2020 United States Presidential election?
A. Yes
B. No

5. Did you vote in the 2020 United States Presidential election?
A. Yes
B. No

6. How important is voting?
[Likert-scale 1-5 responses: 1=Not very important, 5=Very Important]

Citation: Caddick, Z.A. & Rottman, B.M., (2020). A Brief American Voting Questionnaire
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H2. Cognitive Reflection Test

Instructions: On the next few pages are several problems that vary in difficulty. Try to answer as
many as you can.

1. Abat and a ball cost $1.10 in total. The bat costs a dollar more than the ball. How much does
the ball cost? cents. [correct answer: 5]

2. If it takes 5 machines 5 minutes to make 5 widgets, how long would it
take 100 machines to make 100 widgets? minutes. [correct answer: 5]

3. Inalake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 48 days
for the patch to cover the entire lake, how long would it take for the patch to cover half of the
lake? days. [correct answer: 47]

Scoring details: CRT items are scored by the summation of all correct answers (0-3).

Citation: Frederick, S. (2005). Cognitive reflection and decision making. Journal of Economic
Perspectives, 19, 25-42.
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H3. Subjective Numeracy Scale

[Part 1]

Instructions: For each of the following questions, please select the circle that best reflects how
good you are at doing the following things. [Likert-scale 1-6 responses: 1=Not at all good,
6=Extremely good]

1. How good are you at working with fractions?

2. How good are you at working with percentages?

3. How good are you at calculating a 15% tip?

4. How good are you at figuring out how much a shirt will cost if it is 25% off?

[Part 2]

Instructions: For each of the following questions, please select the circle that best reflects your

answer.

5. When reading the newspaper, how helpful do you find tables and graphs that are parts of a
story? [Likert-scale 1-6 responses: 1=Not at all helpful, 6=Extremely helpful]

6. When people tell you the chance of something happening, do you prefer that they use words
("it rarely happens™) or numbers ("there's a 1% chance™)? [Likert-scale 1-6 responses:
1=Always prefer words, 6=Always prefer numbers]

7. When you hear a weather forecast, do you prefer predictions using percentages (e.g., “there
will be a 20% chance of rain today”) or predictions using only words (e.g., “there is a small
chance of rain today”)? [Likert-scale 1-6 responses: 1=Always prefer percentages, 6=Always
prefer words]

8. How often do you find numerical information to be useful? [Likert-scale 1-6 responses:
1=Never, 6=Very often]

Scoring details: Item 7 is reverse scored. Items 1-4 comprise Subjective Numeracy Scale
subscale for ability. Items 5-8 comprise Subjective Numeracy Scale subscale for preference.
Scoring is calculated by averaging all items.

Citation: Fagerlin, A., Zikmund-Fisher, B.J., Ubel, P.A., Jankovic, A., Derry, H.A., & Smith,

D.M. (2007). Measuring numeracy without a math test: Development of the Subjective
Numeracy Scale (SNS). Medical Decision Making, 27, 672-680.
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H4. Oxford Utilitarianism Scale

Instructions: Indicate how much you agree or disagree with each of the following statements
(1 = strongly disagree, 4 = neither agree nor disagree, 7 = strongly agree).

1.

From a moral perspective, people should care about the well-being of all human beings on
the planet equally; they should not favor the well-being of people who are especially close to
them either physically or emotionally.

From a moral point of view, we should feel obliged to give one of our kidneys to a person
with kidney failure since we don’t need two kidneys to survive, but really only one to be
healthy.

If the only way to save another person’s life during an emergency is to sacrifice one’s own
leg, then one is morally required to make this sacrifice.

It is just as wrong to fail to help someone as it is to actively harm them yourself.

It is morally wrong to keep money that one doesn’t really need if one can donate it to causes
that provide effective help to those who will benefit a great deal.

It is morally right to harm an innocent person if harming them is a necessary means to
helping several other innocent people.

If the only way to ensure the overall well-being and happiness of the people is through the
use of political oppression for a short, limited period, then political oppression should be
used.

It is permissible to torture an innocent person if this would be necessary to provide
information to prevent a bomb going off that would kill hundreds of people.

Sometimes it is morally necessary for innocent people to die as collateral damage—if more
people are saved overall.

Scoring details: Items 1-5 comprise Utilitarianism sub-scale for impartial beneficence and items
6-9 comprise sub-scale for instrumental harm. Scoring is calculated by averaging all items.

Citation: Kahane, G., Everett, J. A., Earp, B. D., Caviola, L., Faber, N. S., Crockett, M. J., &
Savulescu, J. (2018). Beyond sacrificial harm: A two-dimensional model of utilitarian
psychology. Psychological Review, 125(2), 131-164.
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H5. Moral Foundations Questionnaire

[Part 1]
Instructions: When you decide whether something is right or wrong, to what extent are
the following considerations relevant to your thinking? Please rate each statement using
this scale:
0 = not at all relevant (This consideration has nothing to do with my judgments of right and
wrong)
1 = not very relevant
2 = slightly relevant
3 = somewhat relevant
4 = very relevant
5 = extremely relevant (This is one of the most important factors when I judge right and
wrong)

Whether or not someone suffered emotionally

Whether or not some people were treated differently than others
Whether or not someone’s action showed love for his or her country
Whether or not someone showed a lack of respect for authority
Whether or not someone violated standards of purity and decency
Whether or not someone was good at math

Whether or not someone cared for someone weak or vulnerable
Whether or not someone acted unfairly

Whether or not someone did something to betray his or her group
10. Whether or not someone conformed to the traditions of society

11. Whether or not someone did something disgusting

12. Whether or not someone was cruel

13. Whether or not someone was denied his or her rights

14. Whether or not someone showed a lack of loyalty

15. Whether or not an action caused chaos or disorder

16. Whether or not someone acted in a way that God would approve of

CoNoR~LNE

[Part 2]
Instructions: Please read the following sentences and indicate your agreement or
disagreement:

1 = Strongly disagree

2 = Slightly disagree

3 = Slightly disagree

4 = Slightly agree

5 = Moderately agree

6 = Strongly agree

17. Compassion for those who are suffering is the most crucial virtue.

18. When the government makes laws, the number one principle should be ensuring that
everyone is treated fairly.

231



19

20.
21.
22.
23.
24,
25.

26.
27.
28.
29.

30.
31.

32.

. | am proud of my country’s history.

Respect for authority is something all children need to learn.

People should not do things that are disgusting, even if no one is harmed.

It is better to do good than to do bad.

One of the worst things a person could do is hurt a defenseless animal.

Justice is the most important requirement for a society.

People should be loyal to their family members, even when they have done something
wrong.

Men and women each have different roles to play in society.

| would call some acts wrong on the grounds that they are unnatural.

It can never be right to kill a human being.

| think it’s morally wrong that rich children inherit a lot of money while poor children inherit
nothing.

It is more important to be a team player than to express oneself.

If I were a soldier and disagreed with my commanding officer’s orders, | would obey anyway
because that is my duty.

Chastity is an important and valuable virtue.

Scoring details: Items belong to one of 5 sub-scales, where the score for each sub-scale is a
summation. Sub-scale scoring is the summation of individual-item responses. Item/sub-scale
pairings:

Harm/Care: 1, 7, 12, 17, 23, 28
Fairness/Reciprocity: 2, 8, 13, 18, 24, 29
In-group/Loyalty: 3, 9, 14, 19, 25, 30
Authority/Respect: 4, 10, 15, 20, 26, 31
Purity/Sanctity: 5, 11, 16, 21, 27, 32

Citation: Graham, Haidt, & Nosek, (2008). Moral Foundations Questionnaire: 30-1tem Full

Version. www.moralfoundations.org
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H6. Need for Cognitive Closure

Instructions: Read each of the following statements and decide how much you agree with each
according to your beliefs and experiences.
1=Strongly disagree, 2=Moderately disagree, 3=Slightly disagree, 4=Slightly agree, 5=
Moderately agree, 6=Strongly agree

1. We think that having clear rules and order at work is essential for success.

2. Even after I've made up my mind about something, We am always eager to consider a
different opinion.

3. We don't like situations that are uncertain.

4. We dislike questions which could be answered in many different ways.

5. We like to have friends who are unpredictable.

6. We find that a well ordered life with regular hours suits my temperament.

7. We enjoy the uncertainty of going into a new situation without knowing what might happen.
8. When dining out, We like to go to places where We have been before so that We know what
to expect.

9. We feel uncomfortable when We don't understand the reason why an event occurred in my
life.

10. We feel irritated when one person disagrees with what everyone else in a group believes.
11. We hate to change my plans at the last minute.

12. We would describe myself as indecisive.

13. When We go shopping, We have difficulty deciding exactly what it is We want.

14. When faced with a problem We usually see the one best solution very quickly

15. When We am confused about an important issue, We feel very upset.

16. We tend to put off making important decisions until the last possible moment.

17. We usually make important decisions quickly and confidently.

18. We have never been late for an appointment or work.

19. We think it is fun to change my plans at the last moment.

20. My personal space is usually messy and disorganized.

21. In most social conflicts, We can easily see which side is right and which is wrong.

22. We have never known someone We did not like.

23. We tend to struggle with most decisions.

24. We believe orderliness and organization are among the most important characteristics of a
good student.

25. When considering most conflict situations, We can usually see how both sides could be right.
26. We don't like to be with people who are capable of unexpected actions.

27. We prefer to socialize with familiar friends because We know what to expect from them.
28. We think that We would learn best in a class that lacks clearly stated objectives and
requirements.

29. When thinking about a problem, We consider as many different opinions on the issue as
possible.

30. We don't like to go into a situation without knowing what We can expect from it.

31. We like to know what people are thinking all the time.

32. We dislike it when a person's statement could mean many different things.
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33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.

It's annoying to listen to someone who cannot seem to make up his or her mind.
We find that establishing a consistent routine enables me to enjoy life more.

We enjoy having a clear and structured mode of life.

We prefer interacting with people whose opinions are very different from my own.
We like to have a plan for everything and a place for everything.

We feel uncomfortable when someone's meaning or intention is unclear to me.
We believe that one should never engage in leisure activities.

When trying to solve a problem We often see so many possible options that it's confusing.
We always see many possible solutions to problems We face.

I'd rather know bad news than stay in a state of uncertainty.

We feel that there is no such thing as an honest mistake.

We do not usually consult many different options before forming my own view.
We dislike unpredictable situations.

We have never hurt another person's feelings.

We dislike the routine aspects of my work (studies).

Scoring details:

1. Reverse-score items 2, 5, 7, 12, 13, 16, 19, 20, 23, 25, 28, 29, 36, 40, 41, and 47.

2. Sum items 18, 22, 39, 43, and 46 to form a lie score.

3. Remove the subject if the lie score is greater than 15.

4. Sum all items except for the above listed lie items to calculate the need for closure score.
5. Use the top and bottom quartiles to determine high and low need for closure subjects.

6. If factors are required, use the following scoring system:

Order: 1, 6, 11, 20, 24, 28, 34, 35, 37, 47
Predictability: 5, 7, 8, 19, 26, 27, 30, 45
Decisiveness: 12, 13, 14, 16, 17, 23, 40
Ambiguity: 3, 9, 15, 21, 31, 32, 33, 38, 42
Closed Mindedness: 2, 4, 10, 25, 29, 36, 41, 44

Citation: Kruglanski, A. W., Atash, M. N., De Grada, E., Mannetti, L., & Pierro, A. (2013).
Need for Closure Scale (NFC). Measurement instrument database for the social science. Journal
of Personality and Social Psychology, 73, 1005-1016.
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H7. Political Orientation Questions

1. Generally speaking, do you usually think of yourself as a Democrat, Republican, an
Independent, or what?

Democrat

Republican

Independent

Other [fill in the blank]

No Preference

moow>p

[if either Democrat or Republican is selected for item 1, item 2 is answered (otherwise it is
skipped)]
2. Would you consider yourself a strong [Republican/Democrat]?

A. Strong

B. Not very strong

[if either Independent, Other, or No Preference is selected for item 1, item 3 is answered
(otherwise it is skipped)]
3. Do you think of yourself as closer to the Republican Party or the Democratic Party?
A. Closer to Republican
B. Neither
C. Closer to Democratic

4. We hear a lot of talk these days about liberals and conservatives. Here is a seven-point scale
on which the political views that people might hold are arranged from extremely liberal to
extremely conservative. Where would you place yourself on this scale?

Extremely liberal

Liberal

Slightly liberal

Moderate; middle of the road

Slightly conservative

Conservative

Extremely conservative

NookrwnpE
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Appendix I. Metacognition Results

Scatterplots were created showing the relationship between participants’ judgment of

knowledge ratings for each voting system and corresponding comprehension scores. Studies 3

and 4 were broken down by condition assignment.
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Figure 11. Scatterplot of Judgment of Knowledge Ratings and Comprehension Scores. Note: A
best fit line was added to detail the nature of the relationship between the two variables.
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