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Abstract

Essays in Experimental Political Economy

Jeffrey Da-Ren Guo

In many economic applications, a collective outcome experienced by a group of people is

determined by individual decisions made by its constituents. Hence, understanding how

individuals make decisions in group settings is important, but empirical and observational

analyses are often complicated by confounding factors. This dissertation contains three essays

that use controlled experiments designed to isolate, and measure the impact of, mechanisms

predicted to affect behavior.

Chapter 1 studies behavior under digital anonymity. A distinctive feature of the digital

world is the ability to calibrate or withhold one’s identifier: a person can be identified by a string

of letters, an avatar, their real name, or even nothing at all. That digital identifiers allow a person

to mask their physical identity also makes it difficult to attribute digital actions to a physical

person, even when the actions are observed. I embed these features in an experiment where

subjects play a finitely repeated, linear public goods game. Treated subjects are identified in one

of three ways—by their photograph, by a random number, or by a self-designed cartoon

avatar—and their individual choices are revealed and either attributed to, or decoupled from, their

identifier. In line with the previous literature, identifying subjects and increasing the precision of

attribution increases contributions relative to a baseline condition without identifiers or revealed

individual choices. Remarkably, however, the largest impact on behavior comes from having an

identifier in the first place: for a given level of attribution, the experimental data suggest that being



identified by a number or by an avatar is as powerful as being identified by one’s photograph.

Chapter 2 studies whether and how individuals imbue digital avatars with self image and

social image considerations. While digital avatars have become more commonplace and

sophisticated, they need not resemble the physical appearance of the person using it. This

inconsistency raises the question of how an avatar induces image considerations, relative to a

person’s physical appearance. I embed avatars into a dictator game and conduct two experiments,

one addressing self image and the other social image. The direction of the treatment effect in the

dictator game for both experiments suggests that individuals do attach image considerations to

their avatars, though the effects are not statistically significant. Additionally, I find that subjects

create significantly more positively perceived avatars when they know that their avatar will be

shown to another subject who will decide how to allocate an endowment with them.

Chapter 3, joint with Alessandra Casella and Michelle Jiang, studies the impact of an

alternative voting system on the minority’s turnout and resultant victories. We start from the

observation that under majoritarian election systems, securing participation and representation of

minorities remains an open problem, made salient in the US by its history of voter suppression.

One remedy recommended by the courts is Cumulative Voting (CV): each voter has as many

votes as open positions and can cumulate votes on as few candidates as desired. Theory predicts

that CV encourages the minority to overcome obstacles to voting: although each voter is treated

equally, CV increases minority’s turnout relative to the majority, and the minority’s share of seats

won. A lab experiment based on a costly voting design strongly supports both predictions.

Chapter 3 was published in Volume 141 of Games and Economic Behavior, pp. 133-155,

September 2023, https://doi.org/10.1016/j.geb.2023.05.012.

https://doi.org/10.1016/j.geb.2023.05.012
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Chapter 1: Doing Good in the Digital World

1.1 Introduction

The internet has given rise to digital spaces in which individuals gather and interact, from

AOL chat rooms in the 1990s to modern-day forums like Reddit that attract over 50 million daily

active users.1 Technological advancements have facilitated digital interactions that more closely

resemble those of the physical world around us. Massively multiplayer video games like World of

Warcraft attract millions of players who walk around to meet each other’s characters and complete

tasks together. Platforms like Second Life and VRChat bring together thousands of users simply

to hang out with each other, but as avatars in virtual worlds. And in recent years, developments

in augmented and virtual reality technology have brought the physical and digital worlds closer

together than ever before. As the line between the physical and digital continues to blur, it has

become imperative to understand how individuals behave in the digital world, particularly because

myriad anecdotes of online toxicity, harassment, and abuse remain pervasive.2 How can the digital

world be designed so as to induce people to do good unto one another?

One key distinction between interactions in the digital and physical worlds is how participants

are identified to one another. In most physical interactions—running into someone on the street,

gathering with friends for dinner—each participant is identified by their literal, physical person.

Simply by showing up to an interaction in the physical world, one inherently brings along an

identifier that uniquely pins down, or identifies, who they are. On the other hand, identifiers in the

digital world can take many forms and vary in how precisely they identify the underlying person. In

digital interactions, one could be identified by a random string of letters and numbers (imprecise),

1https://www.redditinc.com/blog/reddits-2020-year-in-review/
2A 2021 New York Times article opens with the headline, “The Metaverse’s Dark Side: Here Come Harassment

and Assaults.” In the same year, the Pew Research Center released a report that found that 41% of Americans had
experienced some form of online harassment.

1
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by a picture of their face (very precise), or even by nothing at all. And in recent years, lifelike

avatars have become an increasingly common digital identifier, further blurring the line between

the digital and physical.3

An inextricable consequence of the wide range of digital identifiers is that attributing actions

to the underlying actor becomes more difficult. In most physical interactions, when an action is

observed, it is naturally attributed to the person who performed it. Past studies find that unmasking

physical identities and attributing actions have a complementary, positive effect on the level of

prosocial behavior ([3]; [4]). But, it is unclear how this effect translates to digital settings, where

actions need not be attributed to an identifier. Moreover, even if actions can be attributed to a digital

identifier, the identifier itself may not identify the person behind the keyboard.4 In short, digital

settings allow an easier disconnect between a person and their identifier, and between a person

and their actions. This raises the main questions that the paper seeks to answer: Can less precise

identifiers and less precisely attributed actions still induce prosocial behavior? Which channel is

more powerful in inducing prosocial behavior?

Thus, I conduct an experiment whose two arms of variations are in identification and the attri-

bution of individual actions. First, subjects have identifiers that differ in the precision with which

they identify the physical person. Treated subjects are identified to each other by either their photo-

graph, a self-designed cartoon avatar, or a random three-digit number; Baseline (control) subjects

are not identified to each other at all. The second arm of variation is in the attribution scheme used

to publicly attribute subjects’ choices in the game to their identifiers. Treated subjects’ individual

choices are publicly revealed and either attributed to (Full Attribution), or decoupled from (Partial

Attribution), their identifier; Baseline subjects’ individual choices are kept private.

I embed this variation in a linear public goods game ([5]) played in fixed groups of four subjects

each, finitely repeated for thirty-two rounds. Public goods games have been studied extensively

3The realism of avatars lends credence to the popular argument that an avatar is an extension of one’s person.
For example, Meta writes on their website at https://www.meta.com/avatars/ that “[a]vatars are a digital
expression of you, letting you freely express your identity, personality and appearance.”

4Interactions on Reddit are an example of this. Each Reddit user’s history of posts and comments are logged under
their username. However, Reddit does not require its users to use their real name (orthonym) as their username.

2

https://www.meta.com/avatars/


in the laboratory to address questions about prosocial behavior in group settings.5 My experiment

implements a (3 × 2) + 1, between-groups design. The Baseline treatment replicates the canonical

implementation of the public goods game in the lab: subjects are not identified to each other, and

only the aggregate contribution to the public good is revealed after each round.6 In each of the

treatment conditions, two elements are added to the game. First, each subject has an identifier:

Number, Avatar, or Photo. Second, each subject’s contribution choice is also revealed to the group

after each round—the breakdown of the aggregate contribution is made known. When the Full At-

tribution scheme is used to reveal choices, each subject’s contribution choice appears underneath

the subject’s identifier. In contrast, when the Partial Attribution scheme is used, subject contri-

butions are presented in descending order, from largest to smallest, without being linked to any

specific identifier. Each of the six treatment conditions is characterized by the Identifier and the

Attribution scheme shared by all members in a group. This dictates how I abbreviate the treatment

conditions: for example, I will abbreviate the treatment condition with Photo and Full Attribution

as PhotoFull.

Strictly speaking, neither adding identifiers nor revealing individual choices changes the sub-

game perfect Nash equilibrium prediction of the game, which states that players contribute zero

(“free ride”) in all periods of the game.7 However, I analyze two standard channels that may induce

positive contributions. The first is image concerns.8 In a simple theoretical framework, I derive two

predictions on equilibrium contributions when agents also derive utility from their image. These

predictions revolve around two parameters. One parameter (𝑏) captures the intensity with which

an agent cares about, identifies with, or invests in their identifier9; the other parameter (𝑝) cap-

5[6] and [7] survey results from public goods experiments in the laboratory.
6See, for example, the experimental implementation of the public goods game in [8].
7It is well known that experimental subjects do not play the Nash equilibrium of contributing zero: rather, subjects

contribute some (but not all) of their endowment in early rounds, and contribution levels deteriorate over time ([6];
[9]).

8Impure altruism, or warm glow, is a commonly cited source of self image utility ([10], [11]). Various social
effects—prestige, recognition, shame—are sources of utility derived from one’s social image ([12]; [13]).

9There is evidence that one’s identifier can affect the level of self-image concerns one faces. [14] provides experi-
mental evidence that a decisionmaker faces higher levels of self-image concerns when they see themselves in a mirror
when making their decision, compared to seeing nothing or a neutral stimulus.

3



tures the probability with which the agent’s action can be attributed to their identifier.10 The first

prediction is that equilibrium contributions are increasing in 𝑏 and 𝑝. Utility-maximizing agents

contribute more when their contribution is more likely to be attributed to their identifier. Taken

to the experiment, this predicts higher contributions under Full Attribution than under Partial At-

tribution. Additionally, assuming that subjects identify less more with their photograph than with

a number (i.e., 𝑏Photo > 𝑏Number), this also predicts higher contributions under Photo than under

Number. The second prediction is that contributions have increasing differences in (𝑏, 𝑝): the im-

pact of a change in Identifier should be larger under Full Attribution than under Partial Attribution,

and the impact of a change in Attribution should be larger under Photo than under Number. This

follows from 𝑏 and 𝑝 being complements, as is consistent with the literature.

The second channel is the possibility that the game extends outside the laboratory. Imagine that

group members are able to sanction each other outside the laboratory, even after the public goods

game in the laboratory is over.11 Could the possibility of being punished outside the public goods

game induce positive contributions during it? I consider an infinite horizon supergame that consists

of two games: a finitely repeated public goods game, followed by an infinitely repeated costly

punishment game.12 I show that the threat of punishment can indeed induce positive contributions

in the public goods game, but that the size of the threat depends on whether group members can

identify and coordinate punishment on a free rider. I show that the expected punishment from free

riding is strictly higher when contribution choices are (1) attributed with certainty to an identifier

that (2) can identify the free rider outside the public goods game. This result, when applied to the

experiment, predicts higher contributions in the PhotoFull condition than in all other conditions.13

10In [15]’s model of decisionmaking with image concerns, the reputational payoff of taking an action is increasing
in the “visibility” of the action—the “probability that it will be observed by others.”

11Many studies consider the effect of being able to punish free-riders within the public goods game itself by incor-
porating a punishment scheme into the game. In such schemes, subjects choose if they want to punish other members
of their group in between rounds of the public goods game (after observing the contribution choices of all group
members), usually at a cost. [16] implement a similar sanctioning scheme within a common pool resource game. The
addition of a punishment scheme has been found to be an effective mechanism for inducing prosocial behavior ([9];
[17]; [18]; [19]; [20]).

12Imagine a group of friends which gathers one evening to play a board game. Actions taken in the game may spill
over into their larger friendship: a person who behaves selfishly in the game may be shunned by the other friends
afterward.

13Note that what I model here is different from an infinitely repeated public goods game. Analysis of an infinitely
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Relative to the Baseline condition with neither identifiers nor revealed individual choices, I find

more prosocial behavior—higher contributions—in all six treatment conditions. The increases are

statistically significant at the 5% level for five of the six treatment conditions; moving from Base-

line to PhotoFull increases contributions by 68%. However, changes in Identifier and Attribution

do not affect behavior equally. The main finding of the paper is that Attribution is the more pow-

erful channel in inducing prosocial behavior. While average contributions are indistinguishable

across the three different Identifiers (pooling across Attribution schemes), there is a significant

increase in contributions from Baseline to Partial Attribution, and again from Partial Attribution

to Full Information (pooling across Identifiers). In fact, under Full Attribution, contributions are

just as high when subjects are identified by a random number or a cartoon avatar as when they are

identified by their photograph. Put another way, the data suggest that mere presence of an Identi-

fier is sufficient to induce higher contributions, as long as the Identifier is paired with information

about individual choices.

These results are interesting in light of the experiment in [3], whose 2 × 2 design incorporates

variation on the same two dimensions: whether subjects are identified, and whether their individual

contribution choices are revealed. Their experiment has a condition in which subjects are not iden-

tified and only the aggregate contributions are revealed (analogous to my Baseline condition), as

well as a condition where subjects are identified by their photograph and their individual contribu-

tions are attributed to their photo (analogous to my PhotoFull condition). In their two intermediate

conditions, one of the two arms is entirely shut off: in one condition, subjects are identified by

their photographs but only aggregate contributions are revealed; in the other condition, subjects

have no identifiers, and individual contribution choices are displayed from largest to smallest. A

significant increase in contributions (relative to their Baseline) comes only when identification with

repeated public goods game using the Folk Theorem suggests that positive contributions can be sustained in equi-
librium for sufficiently large discount rate. Notably, there exist common “trigger” strategies, such as Grim Trigger,
that can sustain positive contributions in equilibrium with only feedback about the aggregate contribution between
rounds—neither identifiers nor revealing individual contribution choices is necessary. If subjects mistakenly believe
the public goods game in the laboratory to be infinitely repeated, and play such trigger strategies as if the game were
infinitely repeated, then we would expect no difference in behavior between the Baseline condition and the treatment
conditions.
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photographs is combined with revealing individual contribution choices. As they write, “adding

just information on generosity has no significant effect on giving, and neither does adding just the

identity of the giver. However, a substantial impact comes from using both in combination.” The

treatment conditions in my experiment maintain the presence of both identifiers and individual

contribution choices, and instead vary the precision of the identifiers and the precision of the attri-

bution of the choices to identifiers. Indeed, in five of my six treatment conditions, contributions are

significantly higher than in the Baseline: this suggests that Andreoni and Petrie’s result is robust

to settings where identifiers and attribution are imprecise, but present.

Additionally, the experimental data are inconsistent with the punishment channel, and not fully

consistent with the image channel. As a result, I conduct exploratory analysis to identify what

is driving contribution behavior. I find that the increase in contributions from Baseline to Partial

Attribution to Full Attribution is driven primarily by an increase in the rate of subjects contributing

their full endowment: the rate of full contribution rises from 16.6% in Baseline to 38.6% in Par-

tial Attribution to 62.3% in Full Attribution. Note that, when individual contribution choices are

revealed, subjects are also given pieces of “relative” information: for example, the rank of their

contribution in the group, the minimum and maximum contributions, whether an other member

of the group contributed their full endowment or contributed nothing.14 To test whether relative

information influences future contribution behavior, I estimate a dynamic panel model with the

experimental data using the Arellano-Bond estimator [21]. In particular, I estimate the model sep-

arately for Baseline, Partial Attribution, and Full Attribution: not only do I check that a piece of

relative information has a significant effect on future contributions under Partial Attribution and

Full Attribution, I also check that it has no significant effect in the Baseline.

Indeed, the dynamic panel estimation shows that subjects condition future contributions on

“relative” information gleaned from past rounds, but only when it is available. Under Partial

Attribution and Full Attribution, subjects significantly reduce their contributions in period 𝑡 when

14“Aggregate” information, on the other hand, can be known from having only the aggregate contribution to the
group account: the total amount contributed by other group members, whether one’s contribution was above or below
the mean contributed by other group members.
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another group member free rides in period 𝑡−1; this does not happen in the Baseline. Moreover, the

amount by which subjects increase their contributions from period 𝑡 − 1 to period 𝑡 is increasing

in the number of group members that contributed strictly more than the subject in period 𝑡 −

1—but only under Partial Attribution and Full Attribution. Taken together, these results suggest

that when individual contribution choices are available, subjects use the additional information

to establish a norm of reciprocity for their group.15 When a subject knows that they contributed

a relatively low amount, they increase their contribution in the next period; yet, when a subject

realizes someone else violated the norm by free riding, they reduce their contribution in the next

period. Interestingly, the analysis shows that the effects of reciprocity are stronger under Full

Attribution than under Partial Attribution, even though the amount of relative information is the

same under both Attribution schemes. This suggests that not just reciprocity, but also an interaction

between reciprocity and image, drives behavior.

The experimental data also shed light on how individuals choose to identify and represent

themselves in the digital world. From the Avatar condition, I observe the cartoon avatars created

by 100 subjects (56 assigned to AvatarFull, 44 assigned to AvatarPartial), as well as the amount of

time each subject spent on customizing their avatar. Subjects were able to choose visual attributes

from between twelve dropdown menus; in total, over 2.8 trillion permutations of attributes were

available to be chosen.16 Additionally, after the public goods game ends, Avatar subjects reported

their race and gender, as well as the intensity with which they felt represented by their avatar.17 I

find that subjects invested substantial time in customizing their avatar: on average, subjects spent

just over three minutes making their avatars.18 However, I do not find a correlation between a

subject’s customization time and their contribution in the first round of the game. I do find a

15[22] also finds contribution behavior in public goods games that is consistent with reciprocity models (over com-
mitment or altruism models). In particular, they find that subjects in round 𝑡 try to match the median contribution
from round 𝑡 − 1, as opposed to the minimum or maximum contribution. In a field experiment, [23] find evidence of
reciprocity in giving. For a general discussion of the theory of reciprocity, see [24].

16The cartoon avatars looked like passport or ID photographs: a “face” from the “shoulders” up. Figure 1.1 shows
the dropdown menus available, as well as a sample avatar.

17Subjects rated their agreement on a 7 point Likert scale (1 being Strongly Disagree, 7 being Strongly Agree) with
the following statement: I felt like my avatar represented me.

18I find no significant difference in customization time between AvatarPartial and AvatarFull subjects.
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positive, albeit weak, correlation between self-reported representation and first round contribution

among AvatarPartial subjects (but no such correlation for AvatarFull subjects). Finally, there is

evidence that some subjects created avatars that look different from their physical person, based

on their reported race and gender.

1.1.1 Literature

This paper contributes primarily to a rich literature that studies the effect on prosocial behavior

of identification and attribution of individual actions. Much experimental work finds a positive

effect of both channels on prosocial behavior in both lab and field settings.19 [26] identify some

players in dictator games by their family names, and find that dictators allocate more of the en-

dowment to the other player when names are known. [27] find that subjects exert more effort in

a real-effort task for charity when they are compelled to reveal the amount of money they earned

to other participants in the lab. In the field, [28] studies charitable giving at churches in Denmark

by manipulating the visibility of others’ donations in the collection vessel; churchgoers give more

when the collection vessel allows others’ contributions to be seen. [29] pair a field experiment con-

ducted through an on-campus charitable organization with a lab experiment that reveals donation

decisions of some subjects to others in the room. Evidence from their experiment suggests that

individuals give in order to improve their social image, rather than purely altruistically. Indeed, the

results of my experiment are consistent with this pattern: subjects behave more prosocially when

they are identified, and when their actions can be attributed back to them.

A similar effect has been found in public goods games: identification and attribution have

a positive effect on contributions. In the lab, variation in attribution was first implemented by

revealing individual contribution choices in addition to the aggregate contribution. Results from

past studies are mixed: [30] find a significant increase in contributions in the last five rounds of

their experiment, while [31], [32], and [33] do not find an effect of revealing individual choices on

19[25] do not find a positive effect of identification and attribution in their lab experiment. However, they note that
their experimental implementation introduces confounding factors.
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contributions.20 In a related study, [34] find that presenting “relative” information to subjects—

including the maximum and minimum contribution choices and the ranking of one’s contribution in

the group—increases contributions. More recently, experimenters have also identified the players

themselves, along with revealing their choices. [4] find an increase in contributions when players

are compelled to count out their contribution and write the amount on a blackboard in front of the

group. [13] identify players using their photographs and first names: they find that revealing the

two lowest contributors and their choices each round induces the same increase in contributions as

revealing all players and their contributions. On the other hand, [3]’s treatment with photographs,

but only aggregate contributions, doesn’t find a statistically significant increase in contributions

compared to their Baseline. Moreover, their treatment with individual contribution choices, but

without identifiers, finds a decrease in contributions relative to their Baseline. The results from my

experiment suggest that identifiers and individual choices are needed in conjunction to increase

contributions, as is consistent with previous findings. The novel finding from my experiment is

that this result still holds, even when both the identifier and the attribution scheme are imprecise.

Also related is a smaller literature that studies the relationship between one’s avatar and behav-

ior. [35] establish a physiological effect of being able to choose one’s avatar: in their experiment,

subjects who customized an avatar had a 10% faster heart rate compared to those who were as-

signed their avatar. Other studies have shown an effect of a person’s avatar on their behavior. [36]

find that subjects who were assigned tall avatars in virtual reality behaved more confidently than

subjects assigned short avatars.21 The effect of an avatar has also been shown to extend into the

physical world: [37] find that subjects who were assigned a black avatar in virtual reality sub-

sequently exhibited greater racial bias in the physical world than those assigned a white avatar.

Moreover, avatars have been shown to be effective substitutes for photographs in reducing social

20It should be noted that in the [30] and [32] experiments, individual contribution choices were presented in a way
that allowed a subject’s contribution history to be tracked over time. In contrast, [33] presents individual contribution
choices in ascending order. [31] does not describe how individual contribution choices were presented, but does note
that “[s]ubjects have no contact before, after and during the game: they act in strict anonymity.”

21In their experiment, subjects wore virtual reality ’helmets’ and played multiple rounds of an ultimatum game
against a confederate. Subjects assigned tall avatars proposed splits that were significantly more in their own favor
than subjects assigned short avatars. Moreover, subjects assigned tall avatars were half as likely to accept an unfair
offer from a confederate as subjects assigned short avatars.
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distance, and increasing cooperation and trust between individuals.22 On the other hand, there is

evidence that people don’t simply create avatars that look like themselves. [41] and [42] find that

users in virtual worlds consider the types of people they will interact with as well as the nature of

the interactions themselves when customizing their own avatars.23 Recent experimental work in

economics has found that strategic considerations could also drive such behavior. [43] find that,

when competing to be “hired” for a math task, female subjects choose female avatars significantly

less often than when the nature of the task is unknown. [44] also find a gender effect in a market-

place experiment: they find that buyers trust female avatars more than male avatars. In response,

sellers with “genuine” male avatars are more likely to switch to female avatars than vice versa.

Compared to past studies, my experiment gives subjects many more degrees of freedom in

creating their avatars: while subjects in [43] chose one of three avatars and subjects in [44] chose

one of eight avatars, subjects in my experiment had billions of avatars available to them via the

dropdown menus. Given this freedom, I find that subjects do invest time in customizing their

avatars, though the time spent customizing does not depend on whether actions will be attributed

to their avatars with certainty or only probabilistically. Furthermore, I find some evidence that

subjects don’t make avatars that look like their physical person, though my design does not allow

me to identify the reason.

The paper proceeds as follows. Section 1.2 describes the experiment. Section 1.3 discusses

the theoretical framework. Section 1.4 presents the results, and Section 1.5 concludes. The formal

theoretical framework is left to the Appendix. Experimental instructions and screenshots appear in

the Appendix.

1.2 Experimental Design

The game in the experiment is the finitely repeated, linear public goods game (also known in

the literature as the voluntary contribution mechanism). I begin by describing the one-shot stage

22See, for example, [38], [39], and [40].
23[41] study subjects who were asked to create an avatar on the Yahoo! Avatars site either for blogging, dating, or

gaming. [42] analyze observational data, survey responses, and interviews of users in the Second Life virtual world.
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game and the finitely repeated game, as well as the standard theoretical predictions for those games.

Next, I describe the experimental design and implementation.

1.2.1 The Linear Public Goods Game

The stage game is parameterized by {𝑁, 𝑚,𝑌 }, where N agents are in a group together, and

each is endowed with 𝑌 points. Each agent 𝑖 ∈ {1, ..., 𝑁} privately chooses an amount of points

𝑔𝑖 ∈ [0, 𝑌 ] to contribute to a group account (the public good), and keeps the remaining 𝑌 − 𝑔𝑖

points in a private account. Every point contributed toward the group account is multiplied by a

factor 𝑚, where 𝑚 > 1 but 𝑚 < 𝑁 . Total contributions to the public good are redistributed to the

agents in equal shares. Hence, agent 𝑖’s payoff in the stage game is given by:

𝜋𝑖 (𝑔1, ..., 𝑔𝑁 ) = (𝑌 − 𝑔𝑖) +
𝑚

𝑁
(𝑔𝑖 +

∑︁
𝑗≠𝑖

𝑔 𝑗 ) (1.1)

Each agent’s marginal per capita return (MPCR) from contributing a point to the group account is

𝑚
𝑁
< 1, while the MPCR from keeping a point in their private account is 1. Assuming an agent

seeks to maximize only their own payoff, the agent has a dominant strategy of contributing zero to

the group account in the stage game: I call such a strategy free riding. Therefore, all agents free

ride in the unique Nash equilibrium of the stage game: (𝑔1, ..., 𝑔𝑁 ) = (0, ..., 0); the equilibrium

payoff for all agents is equal to 𝑌—the initial endowment.24

The stage game can also be repeated. Suppose the public goods game is repeated finitely for

𝑇 > 1 discrete periods indexed by 𝑡. Denote agent 𝑖’s contribution in period 𝑡 as 𝑔𝑖𝑡 . I assume that

the aggregate contribution to the group account in period 𝑡 is made known to all group members,

before contribution decisions are made in the next period 𝑡 + 1. Formally, denote the aggregate

contribution in period 𝑡 as 𝐺 𝑡 ≡
∑𝑁
𝑖=1 𝑔𝑖𝑡 . Thus, for all periods 𝑡 > 1, the history of past aggregate

contributions 𝑮 𝑡 ≡ {𝐺1, ..., 𝐺 𝑡−1} is common knowledge.

Standard analysis of the repeated game is straightforward. Because the game is finitely re-

24Note that this outcome is not Pareto optimal because 𝑚 > 1: each point becomes bigger when contributed to the
group account. The unique Pareto optimal outcome in the stage game occurs when all agents contribute their entire
endowment to the group account—that is, (𝑔1, ..., 𝑔𝑁 ) = (𝑌, ..., 𝑌 ), and all agents earn a payoff equal to 𝑚𝑌 .
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peated, and it is common knowledge that the game is finitely repeated, the game in the final period

𝑇 can be analyzed in the same manner as the stage game: the unique Nash equilibrium in the final

period is (𝑔1, ..., 𝑔𝑁 ) = (0, ..., 0). Backward induction then yields that the unique subgame perfect

Nash equilibrium remains: (𝑔1, ..., 𝑔𝑁 ) = (0, ..., 0) in each round.

Note that if the game were instead infinitely repeated, then the Folk Theorem would apply:

positive contributions could be sustained in equilibrium. In particular, note that if the game were

infinitely repeated, it is possible to sustain positive contributions while knowing only the level of

aggregate contributions in previous periods.25

1.2.2 Experimental Design

In all sessions, subjects played the finitely repeated, linear public goods game just described in

fixed groups. Each subject participated in exactly one session and belonged to exactly one group:

subjects stayed in the same group for the duration of the experiment. The game was parameterized

as follows: groups were of size 𝑁 = 4 and the game was finitely repeated for 𝑇 = 32 rounds. In

each round, each subject was endowed with 𝑌 = 20 points and privately chose an integer amount

𝑔 ∈ {0, ..., 20} to contribute to the group account; the remaining 20−𝑔 points would be kept in their

private account. All contributions to the group account were doubled (𝑚 = 2), so that 𝑚
𝑁

= 0.5.

After each round, subjects were told the aggregate contribution to the group account (𝐺), as well

as their own earnings from that round. At the end of the experimental session, subjects were paid

in cash based on the total number of points accumulated across all 32 rounds, converted at a rate

of 50 points to $1.00 (or 1 point to $0.02).26

25Per the Folk Theorem, it is possible to sustain strictly positive contributions in equilibrium as long as agents are
sufficiently patient (i.e., the discount factor 𝛿 ∈ (0, 1) is sufficiently large). In context of the public goods game, it has
been shown that such an equilibrium can be sustained by many different types of “trigger” strategies, which condition
future contribution(s) on the history of past aggregate contributions (𝑮𝑡 ). Such trigger strategies take the following
general form: Contribute a strictly positive amount 𝑔 > 0. If an other player deviates and contributes less than 𝑔,
then punish the deviation by contributing 𝑔 = 0 in the next period. Continue to contribute 𝑔 = 0 for some number
of periods, after which return to contributing the strictly positive amount 𝑔 > 0. A common trigger strategy is Grim
Trigger, which says to contribute one’s entire endowment (𝑔 = 𝑌 ) until an other player deviates, at which point one
should contribute zero forever. But it can be shown that other trigger strategies, which dictate a different amount to
contribute 𝑔 and/or a different duration of punishment, can be supported in equilibrium as well ([45]).

26Subjects were paid one at a time, in private. Subjects saw only their own earnings, and were instructed not to
discuss their earnings with others.
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The experiment used a between-groups, (3 × 2) + 1 design. The Baseline condition imple-

ments exactly the finitely repeated game as described above: only the aggregate contribution to the

public good is made public after each round, and subjects are not identified to each other in any

way.27 The six treatment conditions introduce two additional elements to the game. First, each

subject is identified by an identifier in the game: either a randomly selected three-digit number

(Number)28, a photograph taken of the subject (Photo)29, or a cartoon avatar customized by the

subject (Avatar).30 I abbreviate each treatment condition in two words: one for the Identifier, and

one for the Attribution scheme. For example, I write the treatment condition with Photo and Full

Attribution as PhotoFull.

In Avatar sessions, subjects were given five minutes before the start of the game (but after

instructions were read) to customize their avatar by selecting different visual attributes from drop-

down menus. The avatar customization screen was coded in a way that allowed subjects to see,

in real time, how changing a particular attribute would affect the appearance of the avatar. Hence,

subjects could experiment with different attributes—and see how they would look—before finaliz-

ing their avatar. Figure 1.1 shows screenshots of the avatar customization interface.

Second, subjects are additionally given, after each round, the individual contribution decisions

made by each group member. These individual contribution decisions are either attributed to the

identifier of the subject that made the contribution (Full Attribution), or decoupled from the identi-

fiers (Partial Attribution). Partial Attribution of individual contribution decisions was implemented

by presenting the contribution amounts from highest to lowest after each round, while the order of

identifiers remained constant throughout the session. Figure 1.2 shows how Full Attribution and

Partial Attribution were implemented in the experimental interface.

27The Baseline condition also corresponds to the canonical implementation of the public goods game in experi-
ments.

28In Number sessions, no two subjects in the same group had the same number.
29In Photo sessions, each group member was identified by photograph taken at the start of the experimental session.

The photographs were taken one person at a time by the experimenter, using a digital camera. All photographs were
taken in public view of all participating subjects.

30The universe of cartoon avatars used in the experiment are from an open source Sketch library designed by Pablo
Stanley, available at https://www.avataaars.com/. The avatar customization interface and dropdown menus
used in the experiment were based on, and supported by, an open source web-based app developed by Fang-Pen Lin,
available at http://getavataaars.com.
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Figure 1.1: Experimental Interface, Avatar Customization. The image on the right shows the
different attribute categories and dropdown menus available to subjects. The image on the left
shows the avatar that corresponds to the specific attributes chosen in the image on the right.

Figure 1.2: Experimental Interface, Round Results. Partial Attribution (left) and Full Attribution
(right).
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Aggregate Only Partial Attribution Full Attribution
No Identifier 10

Number 10 12
Avatar 11 14
Photo 10 10

Table 1.1: Number of Groups Assigned to Each Condition.

The combinations of different Identifiers and different Attribution schemes create different lev-

els of anonymity across treatment conditions. A subject who is identified by their photograph in

the game can be definitively identified by others outside of the lab, whereas an avatar typically will

(and always can) look different from the corresponding subject, and a number never allows a phys-

ical identification. Similarly, one can definitively attribute a contribution decision to an identifier

under Full Attribution, whereas one can only do so probabilistically under Partial Attribution. In

the experiment, the condition with the most anonymity is the Baseline condition: subjects have

no identifiers whatsoever, and individual contribution choices are not revealed. The least anony-

mous condition is PhotoFull: actions taken inside the lab can (1) be attributed with certainty to an

identifier that (2) allows the subject to be identified outside the lab. In all remaining conditions,

one of these links is weakened, so the level of anonymity sits somewhere in between Baseline

and PhotoFull. For example, the NumberFull condition still attributes actions taken in the lab to

an identifier with certainty, but the identifier itself—the random number—doesn’t serve to iden-

tify the subject beyond the experiment. On the other hand, the PhotoPartial condition identifies

subjects in a way that extends outside the lab, but does not allow actions taken in the lab to be

attributed with certainty to the identifier.

One treatment condition was assigned to each session, and subjects within a session were

randomly assigned to groups of four. Results from a power analysis dictated that each condition

have at least 10 groups. Some conditions had more than 10 groups due to higher-than-expected

turnout by subjects who signed up for some experimental sessions. Table 1.1 summarizes the

number of groups assigned to each treatment.

The number of groups in each session varied based on the number of subjects that signed up and
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turned out. For Baseline, Number, and Avatar sessions, between two and five groups participated

in each session: this ensured that subjects could not identify their group members outside the lab

with certainty, just by seeing who else was in the lab with them. Between one and three groups

participated in each Photo session. Recall that each subject belongs to and interacts with only

one group for the duration of the experiment—groups are never reshuffled or remade—so the total

number of subjects in a session does not affect any strategic aspect of the game. In total, thirty

sessions were run.

The experiment was conducted in person at the Columbia Experimental Laboratory for Social

Sciences (CELSS) between September 2022 and March 2023. 308 subjects were recruited from

the CELSS subject pool using the Laboratory’s ORSEE recruitment system ([46]). Most subjects

were undergraduate students at Columbia University or Barnard College. The experiment was pro-

grammed in oTree ([47]) and subjects accessed the experimental interface on desktop computers

at CELSS. Each experimental session lasted about 60 minutes. Average subject earnings were

$22.07, including a $5 show-up payment. Instructions were read aloud to all subjects by the ex-

perimenter at the front of the room before the start of the game, and all subject questions were

answered publicly.31

1.3 Theoretical Framework for Anonymity

A key finding of [3] is that attributing individuals’ contribution choices to their photographs

induces higher contributions in a finitely repeated public goods game. This finding is commonly

understood to reflect the fear of being identified as a low contributor in the group; indeed, [13] find

that revealing the two lowest contributors and their contributions between rounds raises contribu-

tions as much as revealing all players and their contributions. However, since the game is finitely

repeated, adding identifiers or the individual contribution choices does not change the equilibrium

prediction of free riding in each round. Moreover, even if players mistakenly believed that the game

were infinitely repeated, fear of punishment in the game cannot explain the higher contributions,

31The Appendix contains representative instructions, as well as additional screenshots of the experiment interface.
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since punishment cannot be individually targeted (unlike in a prisoners’ dilemma).

It follows that we must consider other motivations that can explain this effect. In this section,

I consider two channels through which anonymity (or a lack thereof) could affect contribution

behavior: image concerns and punishment outside the game. I derive predictions for how these

channels would influence contributions in the public goods game. While these channels are stan-

dard in the literature, they will not be sufficient to fully explain the results I present in Section

1.4.

1.3.1 Image Concerns

One possible consequence of introducing identifiers or revealing individual contribution choices

is that subjects have image concerns within the game. Further, suppose subjects derive utility not

only from their payoff in the public goods game, but also from their self image and social image

within that interaction. I model self image utility as coming a warm glow effect of contributing

à la [10] and [11], and I model social image utility as coming from the various social effects of

contributing—recognition, prestige, shame. I introduce additional parameters capture the inten-

sity with which players ’care about’ their identifier and the probability with which their action is

attributed to the identifier. In the model, these parameters capture the level of anonymity in the

game, and serve to amplify or attenuate image utility. I assume all agents are symmetric, and write

agent 𝑖’s utility function as follows:

𝑈𝑖 (𝑔𝑖, 𝑔−𝑖) = 𝜋𝑖 (𝑔𝑖, 𝑔−𝑖) + (1 + 𝑏)𝑊 (𝑔𝑖) + 𝑏𝑝𝑅(𝑔𝑖) (1.2)

Let 𝑔𝑖 ∈ [0, 𝑌 ] denote the amount that agent 𝑖 contributes to the public good.32 The first term 𝜋𝑖

is agent 𝑖’s payoff from the public goods game, as defined in Equation 1.1. The second and third

terms capture the agent’s self image utility and social image utility, respectively. 𝑊 : [0, 𝑌 ] → R

maps from contribution choice to self-image (warm glow) utility; analogously, 𝑅 : [0, 𝑌 ] → R

maps from contribution choice to corresponding social image (recognition) utility. I assume that

32I allow non-integer contributions here for tractability.
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𝑊 and 𝑅 are weakly increasing in 𝑔𝑖, concave, and smooth: the more the agent contributes, the

stronger the warm glow, and the more recognition they receive.

The parameters 𝑏 and 𝑝 model the level of anonymity in the game. 𝑝 ∈ [0, 1] parameterizes

the probability with which the agent’s action can be attributed to their identifier. The parameter

𝑏 ≥ 0 captures the intensity with which the agent cares about, invests in, or identifies with their

identifier. I normalize 𝑏 = 0 when players do not have identifiers. In the absence of identifiers,

𝑝 = 0. Note that 𝑏 appears in both image utility terms: self image utility and social image utility

are amplified by the extent to which the agent cares about their identifier. Moreover, note that 𝑏 and

𝑝 are complements in the social image utility term. Even if one is identified by their photograph

(large 𝑏), there is little social image to be gained from contributing if the contribution is unlikely

to be attributed to one’s photograph (small 𝑝). Similarly, there is little social image to be gained

from contributing if the contribution will be attributed to an identifier one cares little about (small

𝑏, large 𝑝).

In the experiment, 𝑏 = 𝑝 = 0 in the Baseline condition. Under Full Attribution, 𝑝 = 1,

and under Partial Attribution, 𝑝 = 1
3 .33 While impossible to ascribe values of 𝑏 to a random

number, cartoon avatar, or photograph, it seems reasonable to suppose that the following holds:

𝑏Number ≤ 𝑏Avatar ≤ 𝑏Photo, with at least one inequality being strict.

As I show formally in the Appendix, sufficiently strong image concerns can induce positive

contributions in equilibrium.34 I state here two key results from the image concerns framework,

and their associated predictions for the experiment.

Result 1. Equilibrium contributions 𝑔∗ are increasing in 𝑏 and in 𝑝: 𝜕𝑔∗

𝜕𝑏
> 0 and 𝜕𝑔∗

𝜕𝑝
> 0.

Prediction 1a. Contributions in the Baseline will be lower than contributions in all six treatment

conditions.

Prediction 1b. 𝑔∗Baseline < 𝑔
∗
Partial Attribution < 𝑔

∗
Full Attribution, for all identifiers.

33I state these probabilities from the perspective of a subject in the game. Assuming that subjects recall their own
contribution and identifier, there remain three contribution choices that need to be attributed to identifiers. Under
Partial Attribution, the probability that a contribution choice will be attributed to the correct identifier is 1

3 .
34I show formally in the Appendix that equilibrium contributions can be strictly positive, and can be as large as the

endowment 𝑌 under certain conditions.
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Prediction 1c. 𝑔∗Number ≤ 𝑔∗Avatar ≤ 𝑔∗Photo, with at least one inequality being strict, for all

Attribution schemes.

Result 2. 𝑔∗ has increasing differences in (𝑏, 𝑝), since 𝑏 and 𝑝 are complements.

Prediction 2a. (𝑔∗PhotoFull − 𝑔
∗
PhotoPartial) > (𝑔∗NumberFull − 𝑔

∗
NumberPartial). Contributions are more

sensitive to a change in 𝑝 when 𝑏 is larger.

Prediction 2b. (𝑔∗PhotoFull − 𝑔
∗
NumberFull) > (𝑔∗PhotoPartial − 𝑔

∗
NumberPartial). Contributions are more

sensitive to a change in 𝑏 when 𝑝 is larger.

1.3.2 Punishment outside the Game

Another possible consequence of introducing identifiers or revealing individual contribution

choices is that it enables players to be punished outside of the public goods game itself. Imagine

a group of friends which gathers one evening to play a board game. Actions taken in the game

may spill over into their larger friendship: a person who behaves selfishly in the game may be

shunned by the other friends afterward, even after the game itself is over. I model this intuition in

my setting as follows: I consider an infinite horizon supergame, in which a finitely repeated public

goods game is followed by an infinitely repeated, costly punishment game. In every period of this

punishment game, each player can punish as many (or few) of their group members as they want

to; punishing another player, as well as being punished, are both costly. Can the threat of being

punished deter free riding in the preceding public goods game? I show formally in the Appendix

that the answer is yes.

This framework is relevant to the experiment because the equilibrium of the supergame depends

on whether the identity of a free rider in the public goods game can be common knowledge. If a

free rider’s identity can be commonly known, the other players are able to select the equilibrium

that inflicts maximal punishment on the free rider. If not, then the free rider escapes maximal pun-

ishment with strictly positive probability. Thus, when a free rider’s identity cannot be commonly

known, the expected punishment from free riding is strictly lower. This further implies that there

exists some discount factor that can sustain positive contributions when a free rider’s identity can
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be commonly known, but not when a free rider’s identity cannot be known; moreover, the reverse

does not hold.

When can the identity of a free rider, or deviator, be commonly known in the public goods

game? Note that for any given profile of contribution strategies in the public goods game, observing

the aggregate contribution after each round is sufficient to reveal the presence of a deviator.35

But only when a deviation can (1) be attributed with certainty to an identifier that (2) allows the

deviator to be identified outside the game, can the deviator’s identity be common knowledge. In

the experiment, only in the PhotoFull treatment are conditions (1) and (2) both satisfied.

Result 3. There exists some discount factor 𝛿 ∈ (0, 1) that can sustain positive contributions

in the public goods game if (1) a deviation can be attributed with certainty to an identifier that

(2) allows the deviator to be identified outside the game, but cannot sustain positive contributions

otherwise. The reverse does not hold.

Prediction 3. 𝑔∗PhotoFull > 𝑔
∗
All Other Conditions.

1.4 Experimental Results

1.4.1 Overview

Average contributions aggregated across all rounds are displayed in Figure 1.3, while Figure

1.4 shows the average contribution over time. While subjects do not play the Nash equilibrium of

contributing zero, contributions decline over time in all treatment conditions. Both observations

are consistent with behavior of subjects in past experiments with public goods games.

1.4.2 The Treatment Effect of Identifiers and Attribution

Does introducing identifiers or revealing individual contribution choices increase contribu-

tions? Figure 1.3 shows that the answer is yes. Average contributions are higher in all six treatment

conditions than in the Baseline condition. Moreover, Figure 1.4 shows that contributions under

35For example, consider a profile of strategies that dictates that all 𝑁 group members contribute their entire endow-
ment. The presence of a deviator is revealed if the aggregate contribution is observed to be less than 𝑁𝑌 .
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Figure 1.3: Average Contribution by Treatment. Error bars show a 95% confidence interval, with
standard errors clustered at the group level.

Figure 1.4: Average Contribution over Time.
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Condition Average
Contribution

(as % of
Endowment)

Mann Whitney
Test Statistic
(vs Baseline)

𝑝-value

Baseline 47% - -
NumberPartial 69% 2.26 0.023

NumberFull 77% 2.57 0.010
AvatarPartial 54% 0.63 0.526

AvatarFull 79% 2.86 0.004
PhotoPartial 70% 2.04 0.041

PhotoFull 79% 2.79 0.005

Table 1.2: Average Contribution and Mann Whitney Test by Treatment.

Full Attribution lie strictly above contributions in the Baseline condition, even in the final round

of the game. To test whether contributions in the treatment conditions are statistically significantly

different from contributions in the Baseline, I perform a Mann Whitney U test, where each group

of four subjects is treated as one observation.36 The U test shows that the difference in average

contributions is significant at the 5% level for five of the six treatment conditions (AvatarPartial

being the exception). Table 1.2 summarizes the results.

As contributions in the treatment conditions are higher than in the Baseline, Prediction 1a

from the image concerns framework is satisfied. On the other hand, contributions do not exhibit

increasing differences. In fact, across all Identifiers, contributions stay equally high under Full

Attribution. Hence, the data are not consistent with Prediction 2a and Prediction 2b from the

image concerns framework. Moreover, contributions in PhotoFull are not significantly greater

than all other conditions: Prediction 3 from the punishment framework is also not satisfied.

To isolate the effect of changing Identifier (Attribution) on contributions, I pool the data from

the treatment conditions across Attribution (Identifier). The data show that changing the level of

Attribution has a stronger effect on contributions than changing Identifier. The left panel in Figure

1.5 shows average contributions for the different levels of Attribution, pooling across Identifiers;

the right panel shows average contributions for the different Identifiers, pooling across levels of

36Recall that the public goods game is played in fixed groups: each subject had strategic interactions only with the
other three members of their group. Thus, I treat each group as an independent observation.
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Figure 1.5: Average Contribution by Attribution (left) and by Identifier (right). Error bars show a
95% confidence interval, with standard errors clustered at the group level. 𝑝-values are shown for
a Mann Whitney U test, where each group of four subjects is treated as one observation.

Attribution. Pooling across Identifiers, the average contributions in Baseline, Partial Attribution,

and Full Attribution are all significantly different from each other at a 5% level: Prediction 1b from

the image concerns framework is satisfied. On the other hand, when pooling across Attribution

levels, average contributions in Number, Avatar, and Photograph are not significantly different

from each other: the data are not consistent with Prediction 1c.

To understand what is causing these differences, I examine extreme behavior. How often do

subjects contribute nothing or contribute their full endowment, and how does that vary across con-

ditions? Table 1.3 reports the percentage of subject-round observations in which the contribution

was zero; Table 1.4 reports the percentage of subject-round observations in which the entire en-

dowment was contributed. There is no significant difference in the rates of zero contribution or full

contribution between the three Identifiers, aggregating over Attribution schemes.37 On the other

hand, there are significant differences between the different Attribution schemes, aggregating over

Identifiers. Most striking is the difference in rate of full contribution: in the Baseline, subjects con-

tributed their full endowment in 16.6% of rounds. That figure rises to 38.6% in Partial Attribution

rounds (𝑝 = 0.048 when compared to Baseline), and further to 62.3% in Full Attribution rounds

37I conduct a Mann Whitney U test to compare the rate of zero contribution or full contribution, where each group
is treated as one observation. For each group, I calculate the fraction of the 128 subject-round observations (4 subjects
per group play 32 rounds each) that have zero contribution or full contribution.
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Aggregate Only Partial Attribution Full Attribution Total
No Identifier 14.3% 14.3%

Number 7.2% 11.7% 9.6%
Avatar 14.6% 7.1% 10.4%
Photo 11.1% 3.8% 7.5%
Total 14.3% 11.1% 7.7% 9.9%

Table 1.3: Percentage of Subject-Round Observations with Zero Contribution.

Aggregate Only Partial Attribution Full Attribution Total
No Identifier 16.6% 16.6%

Number 45.1% 60.9% 53.7%
Avatar 30.1% 66.4% 50.4%
Photo 41.5% 58.1% 49.8%
Total 16.6% 38.6% 62.3% 46.8%

Table 1.4: Percentage of Subject-Round Observations with Full Contribution.

(𝑝 = 0.005 when compared to Partial Attribution, 𝑝 < 0.001 when compared to Baseline).38 This

suggests that the increase in average contributions in the treatment conditions is primarily driven

by increased rates of full contribution when individual contribution choices are made common

knowledge.

Coming back to the theoretical framework presented in Section 1.3, the experimental data are

not consistent with the punishment framework. Contributions in the PhotoFull condition are not

significantly higher than in all other conditions; in fact, contributions in RandomFull and Avatar-

Full are just as high, even though subjects cannot be identified outside the lab with a number or

avatar. The data are also not fully consistent with the image concerns framework either. While

contributions are increasing in 𝑝 as predicted, contributions are not increasing in 𝑏, nor do they

exhibit increasing differences in (𝑏, 𝑝).

While one can interpret the data to say that image concerns are not at play, an alternative

interpretation is that 𝑏Number, 𝑏Avatar, and 𝑏Photo are very close, if not equal, to each other—but

still greater than zero. Consider a modification of the image concerns framework where, instead

38The differences across Identifiers in rate of zero contribution were not as stark or statistically significant. The
decrease in zero contribution rate from Baseline to Partial Attribution was not significant (𝑝 = 0.267). The decrease
in zero contribution rate from Partial Attribution to Full Attribution was significant at the 10% level (𝑝 = 0.064). The
decrease in zero contribution rate from Baseline to Full Attribution was significant at the 5% level (𝑝 = 0.022).
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of assuming 𝑏Number < 𝑏Avatar < 𝑏Photo, the assumption was that there is some 𝑏 > 0 as long as

any identifier exists. While such an assumption is perhaps unintuitive, it would allow the image

concerns framework to fit the data better. Taken in conjunction with the [3] result, these results

suggest that the role of an identifier in inducing higher contributions is not to identify the physical

person, but rather to provide something that an action can be attributed to, whether with certainty

or probabilistically.

1.4.3 Dynamics of Contributions

Given the results so far, what could be driving contributions? In this section, I focus my

analysis on the difference in contributions across Attribution schemes. Note that when subjects are

provided individual contribution choices, they are also given more information than if they only

had the aggregate contribution. For example, when a subject sees the contribution choices of their

group members, they know where their contribution ranks within the group; in most cases, they

could not know this with only the aggregate contribution.39 The analysis in this section asks: Are

subjects reacting to the information provided by the individual contribution choices under Partial

and Full Attribution? In particular, I consider a purely reactive model: I assume that subjects

are backward-looking and respond simply to behavior in the previous round, without anticipating

future reactions.

To address this question, I analyze the dynamics of contributions over the course of the ex-

periment: I seek to identify the factors that explain how a subject’s contribution varies from one

period to the next, and whether these factors differ across Attribution schemes. I focus on the data

aggregated at the Attribution level (i.e., pooled across Identifiers). For each level of Attribution, I

separately regress player 𝑖’s contribution in round 𝑡 on regressors from the previous round, 𝑡 − 1.

The first four regressors correspond to pieces of aggregate information. OwnContrib is the sub-

ject’s private contribution, and SumOtherContribs is the sum of the contributions made by the other

members of the subject’s group. AboveMean (BelowMean) is an indicator variable for whether the

39There are a few edge case exceptions. For example, if the aggregate contribution is zero, then it can be known
that every player chose to contribute zero.
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subject’s contribution was above (below) the mean contribution by their group members.40 The

final three regressors, on the other hand, correspond to pieces of relative information that can only

be known when the individual contribution choices are also revealed. RankInGroup is a variable

that equals the number of group members who contributed strictly more than the subject. Some-

oneElseFreeRide (SomeoneElseFullContrib) is an indicator variable for whether another member

of the group contributed zero (contributed their full endowment).

I estimate a dynamic panel model using the generalized method of moments, specifically the

[21] estimator. Table 1.5 displays the results.

As expected, one’s contribution in the previous period (OwnContrib.lag1) has a significant,

positive impact on one’s contribution in the current period, and there is a significant, negative time

trend in all conditions. Additionally, I find a significant, positive coefficient RankInGroup.lag1 and

a significant, negative coefficient on SomeoneElseFreeRide.lag1 for the Partial and Full Attribution

subjects. Simultaneously, this reduces the size of the positive coefficient on BelowMean.lag1 for

Partial and Full Attribution subjects. This suggests that subjects are, in fact, conditioning their

future contributions not only on information they glean from the aggregate contribution, but also

from the relative information they get from the individual contribution choices. Subjects signifi-

cantly reduce their contribution in the subsequent period when at least one of their group members

contributed nothing; yet, they significantly increase their contributions in proportion to the number

of group members that contributed strictly more than them. Moreover, note that the coefficient

on the final three regressors is not significant for the Baseline data. This serves as a placebo test:

Baseline subjects cannot know where their contribution ranks, or whether someone else in the

group free rode or contributed the full endowment. Indeed, the data suggest that these regressors

do not predict contributions by Baseline subjects.

The patterns revealed in this analysis are broadly consistent with a number of models that have

been used to explain contribution behavior in public goods games. [22] finds that subjects in a

finitely repeated public goods game tend to “match” the median contribution from the previous

40Whether the mean includes or excludes the subject’s own contribution is irrelevant.
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round, and that such behavior is most consistent with a model of reciprocity. In my experiment, I

find that subjects who contribute more than the mean tend to reduce their contribution in the next

period, while subjects who contribute less than the mean tend to increase their contribution. This

behavior could also be interpreted in two other ways. First, this behavior could be taken as evidence

of backward-looking inequality aversion: if subject derive disutility from contributing more (less)

than the average group member, they would adjust their subsequent contribution down (up). Such

behavior is consistent prima facie with the model in [9], though one key reversal in my data is that

subjects who contribute less (earn more) than the mean respond much more strongly than subjects

who contribute more (earn less) than the mean. The second interpretation of the contribution

dynamics is that subjects use the feedback about individual contribution choices in order to learn

and establish a norm for the group: this is particularly noticeable under Partial Attribution and Full

Attribution, when subjects who contribute below the mean increase their contribution by a greater

amount than by which subjects who contribute above the mean reduce their contribution.

Interestingly, the aforementioned effects are stronger under under Full Attribution than under

Partial Attribution. Image concerns are one explanation of this: recall that, while the data are in-

consistent with the image concerns framework for different Identifiers, the data are consistent with

the image concerns framework regarding different Attribution schemes. One reading of the data,

considering norm-setting and image concerns together, says that the effect observed under Partial

Attribution captures the extent to which subjects use relative information to learn and establish

a norm for the group. The additional effect observed moving from Partial Attribution to Full

Attribution captures the image concerns associated with being seen as a relatively low contributor

(RankInGroup.lag1) or as a “sucker” who contributed when someone else free rode (SomeoneElse-

FreeRide.lag1).
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1.4.4 Avatars

In this section, I analyze two measures of subjects’ connectedness to their avatars, and whether

those measures are predictive of contribution behavior in the first round of the public goods game.41

Additionally, I analyze whether subjects create avatars that resemble their physical persons. The

first measure of connectedness is the amount of time the subject spent on customizing their avatar,

and the second measure is the subject’s self-reported intensity of feeling represented by their avatar.

Figure 1.6 shows the avatars created by the 100 subjects randomly assigned to the Avatars condi-

tion.

While all subjects began customizing their avatars at the same time, each subject could decide

for themselves when they were finished customizing their avatar by clicking a button at the bottom

of the avatar customization screen; only when all subjects finished customizing their avatars did

the public goods game begin. I calculate the amount of time spent by each subject on customizing

their avatar as the difference (in seconds) between the time they clicked their button and the time

they entered the avatar customization screen. Across the 100 subjects that were assigned to the

Avatars condition, the mean amount of time spent on customizing an avatar was just over 3 minutes

(189 seconds), with a minimum of 53 seconds and a maximum of 353 seconds.42 The was no

significant difference in customization time across Attribution: under Partial Attribution, average

customization time was 188 seconds; under Full Attribution, average customization time was 190

seconds. However, the time spent on avatar customization does not have a significant effect on

contributions: regressing own contribution in the first round on customization time and a Full

Attribution dummy variable (and thus controlling for the Attribution scheme) yields a coefficient

on customization time that is not significantly different from zero (𝛽 = 0.005, 𝑝 = 0.507).

After the conclusion of the public goods game (but before being told their final earnings),

41Because contribution decisions in later rounds can be influenced by the contribution decisions in preceding rounds,
I restrict the analysis to the first round only.

42While subjects were instructed that they had five minutes to finish customizing their avatars, they were allowed
a bit of flexibility: subjects were given a “2 minutes remaining” announcement, followed by a “1 minute remaining”
announcement, followed by an announcement asking subjects still customizing their avatar to wrap up. This ensured
that each subject entered the game with an avatar that they were satisfied with.
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Figure 1.6: Avatars created by subjects.
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subjects self-report their race, gender, and ethnicity. Additionally, they rate their agreement with

the following statement: I felt like my avatar represented me.43 The rating was done on a 7 point

Likert scale, where 1 was Strongly Disagree, 4 was Neutral, and 7 was Strongly Agree.44 On

average, subjects in the Partial Attribution condition agreed more with the statement (average

rating = 3.88) than the subjects in the Full Attribution condition (average rating = 3.38), but this

difference is not significant (𝑝 = 0.221 from a Mann Whitney U test). There is also no correlation

between the amount of time a subject spent on their avatar and their representation rating.

Does the reported level of representation correlate with first round contributions? The evidence

is, at best, very weak. Under Partial Attribution, I can reject the null hypothesis of independence

at the 10% level.45 I cannot reject independence under Full Attribution.

Do subjects create avatars that resemble their physical persons? I analyze the similarity of

avatar to physical person in two ways. First, I compare the subject’s self-reported race and ethnicity

to the skin tone of their self-designed avatar.46 Second, I manually code each avatar with a gender

(male, female, neutral) and compare the avatar’s gender to the self-reported gender of the subject

who created that avatar. On both dimensions, there is evidence that some subjects create avatars

that don’t resemble their physical person. Only one subject chose the Black skin tone for their

avatar, yet that subject self-identified as non-Hispanic White. There is a similar disparity between

genders of avatars and the subjects who made them. Of seventeen subjects who self-identified

as male, five designed avatars that were coded as female. Of 64 subjects who self-identified as

female, six designed avatars that were coded as male and thirteen designed avatars that were coded

as neutral gender. At the intersection of race and gender, five subjects self-identified as Black

women. Only three of those five subjects created avatars that coded as female, and none of those

43Due to a server problem, the demographic data and agreement with representation statement was not collected for
one session. The treatment in that session was AvatarFull and 16 subjects participated in that session.

44Subjects saw only the labels. They were not shown the numbers 1 through 7.
45The Spearman rank correlation coefficient between reported level of representation and level of contribution in

the first round for Partial Attribution subjects is 0.28; the null hypothesis of Independence is rejected at the 10% level
(𝑝 = 0.064). Because the reported level of representation is a categorical variable, I use the Spearman correlation
coefficient instead of the Pearson correlation coefficient.

46The available skin tone options, from lightest to darkest, were: Pale, Light, Yellow, Tanned, Brown, DarkBrown,
Black.
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Figure 1.7: Avatars created by subjects who self-identified as Black women.

subjects chose the Black skin tone for their avatars: Figure 1.7 presents the five avatars created by

these five subjects.

1.5 Conclusions

As our interactions shift increasingly to the digital world, it has become important to understand

how its peculiarities affect our behavior. The digital world allows individuals to identify themselves

with a wider range of identifiers than is available to individuals in the physical world. Moreover,

the digital world allows interactions among individuals without identifiers at all, which further

complicates how digital actions are attributed to the physical persons behind the screen.

The experimental data confirm that identifying individuals and providing information about

individual actions work in conjunction to increase contributions in a public goods game. Surpris-

ingly, however, the positive effect persists when actions are attributed to identifiers that are unable

to identify the physical person, when actions can only be probabilistically attributed to the physical

person, and even when actions can only be probabilistically attributed to identifiers that are unable

to identify the physical person.

Pitting the two channels against each other, on the hand, the data show that variations in the

Attribution scheme have a larger effect on contributions than variation in Identifier. This differ-

ence is driven by higher rates of subjects contributing their full endowment under Full Attribution

than under Partial Attribution than under Baseline. Dynamic estimation of the contribution de-

cisions suggests that subjects react to “relative” information when available: as subjects proceed

through the game, they attempt to figure out, establish, and follow a norm. Indeed, many Full
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Attribution groups successfully coordinate on contributing their entire endowment, even without a

coordinating device or central authority.47

Interestingly, much of the existing policies targeting anonymity in digital settings have re-

volved around users having identifiers that don’t pin down their physical persons. Many online

communities, from Facebook48 to Statalist (the official Stata forum)49, require users to use their

“real” names as their identifiers. Yet, these policies have faced substantial resistance: for instance,

Facebook has gotten pushback about its “real name” policy from users of various ethnicities, from

transgender users, from users who needed their identities protected.50 51 52 However, the results

from this experiment suggest that tech companies designing the digital world, and policymakers

seeking to regulate it, may do better to emphasize a system where a user’s history of actions is

logged and attributed to some identifier, as opposed to a “real name” policy where users must use

their real name.

The digital world is still young, and there remain many decisions to be made about what it

will look like. Given the myriad anecdotes of troubling online behavior, inducing individuals to

behave prosocially should be a priority in the design of digital spaces where many people gather

and interact. Although much remains to be studied, the results of this paper suggests a path forward

to ensuring that people do good in the digital world.

47This is particularly encouraging for proponents of decentralized governance in digital settings.
48“Facebook is a community where everyone uses the name they go by in everyday life.” https://www.

facebook.com/help/112146705538576.
49“You are asked to post on Statalist using your full real name [...] . Giving full names is one of the ways in which

we show respect for others and is a long tradition on Statalist. It is also much easier to get to know people when real
names are used.” https://www.statalist.org/forums/help.

50https://www.telegraph.co.uk/news/newstopics/howaboutthat/2632170/
Woman-called-Yoda-blocked-from-Facebook.html

51https://www.cnn.com/2014/09/16/living/facebook-name-policy/index.html
52https://www.huffpost.com/entry/pakistans-religious-extremism_b_9577338
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Chapter 2: Avatars, Self Image, and Social Image

2.1 Introduction

One’s self image and social image have long been considered important, economically mean-

ingful influences on behavior and outcomes. Yet, it is unclear how one’s image translates to digital

interactions, where individuals need not identify and represent themselves with their “real” name,

face, or body. The internet has enabled individuals to interact with each other in digital spaces, and

advancements in augmented and virtual reality technologies has made these interactions increas-

ingly lifelike and sophisticated. Whereas people were limited in the past to text-based usernames

or rudimentary images, technology today allows individuals to customize sophisticated avatars to

use in digital settings. In contrast to how individuals are identified and represented in physical in-

teractions, avatars need not resemble the physical appearance of the individuals behind the screen.

This distinction underlies the main question that this paper seeks to address: To what extent does an

avatar substitute for one’s physical appearance in inducing image considerations? As more inter-

personal interactions take place online, it is imperative to understand how individuals use avatars

as a form of self-representation and of representation to others.

To address this question, I design and run two separate (but related) experiments to measure

the image considerations induced by avatars. I embed avatars into a one-shot dictator game, a

simple interaction designed to reduce strategic considerations and isolate the effect of the avatars.

Experiment S is designed to measure the degree to which seeing one’s avatar heightens self image

considerations. In Experiment S, Senders are given five minutes to customize a cartoon avatar

before deciding how much of a $10 endowment to send to an anonymous Receiver. The avatars

underpin the main experimental variation: in the spirit of the [14] experiment, treated Senders

’face’ the avatar they created when deciding how much money to send. Control Senders, on the
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other hand, do not see their avatar again. Experiment R, on the other hand, is designed to examine

the social image implications of the outward appearance of an avatar. In Experiment R, Receivers

customize cartoon avatars that will be shown to the Sender. The main experimental variation comes

in the timing: a control Receiver creates their avatar before learning that their avatar will be shown

to a Sender in a dictator game, whereas a treated Receiver knows how their avatar will be used

before they create it.

In Experiment S, I find that treated Senders send more money than control Senders on average,

but that the difference is not statistically significant at the 5% level. On the other hand, I find in

Experiment R that treated Receivers receive significantly more money than do control Receivers.

To better understand the effect of the treatment on avatar appearance, I also ask subjects to rate

avatars created by others on eight dimensions, each characterized by an opposing pair of words

(e.g., Attractive - Unattractive or Female - Male). I find no significant impact of the treatment on

avatar appearance in Experiment S, which is to be expected: the treatment effect in Experiment S

does not interact with the avatar creation whatsoever. However, I do find an effect of the treatment

on avatar appearance in Experiment R: treated Receivers created avatars that were rated as signifi-

cantly more attractive, female, honest, and smart than control Receivers, even when controlling for

demographic characteristics of the Receivers themselves. That said, the treatment effect on avatar

appearance (measured by the ratings) doesn’t explain the treatment effect on money received: vari-

ation in any given rating dimension does not explain variation in money received at a statistically

significant level. Ultimately, this suggests that the treatment effect on avatars in Experiment R

works holistically, as opposed to through a particular visual attribute or aspect of appearance.

2.1.1 Literature

Many theories incorporate the impact of image considerations into a decisionmaker’s calculus.1

Moreover, empirical studies have established the fact that individuals are treated differently by

others depending on their physical appearance. For example, [50] show that beautiful people

1For example, [15], [48], and [49] incorporate image concerns into signaling models.
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earn higher wages in the labor market than average-looking or plain-looking individuals. Lab

experiments have also found similar results. [51], as well as [52], find a similar “beauty premium”

in a dictator game played in a controlled laboratory setting. [53] also find evidence of the beauty

premium in the context of a public goods game. Even simple social cues like a smile can affect

behavior: [54] find that responders in an ultimatum game are more likely to accept the proposal

if the proposer is smiling. Research has also found that the act of seeing oneself can affect one’s

decision in an interpersonal interaction. [14] reports the results of an experiment in which subjects

decide whether or not to inflict a painful electric shock on an anonymous participant in return for

money: he finds that subjects who see a video feed of themselves on the decision screen inflict

the shock significantly less often than subjects who see no stimulus or a neutral stimulus on the

same screen. [55] similarly find an effect of self image in the context of charitable giving. In their

experiment, subjects decide how to allocate 10 pounds between themselves and either a charity or

the experimenters. After the allocations are decided, subjects are informed which decision counts

toward their payoff and are subsequently given the option to “opt out” of their decision and keep

10 pounds for themselves. They find that approximately one-third of subjects choose to opt out

and ascribe the initial giving as motivated by factors other than pure altruism, such as self image

concerns.

This paper contributes primarily to a literature that studies how individuals behave in settings

where they are identified by avatars. There is evidence that individuals consider the types of people

they will interact with as well as the nature of the interactions themselves when customizing their

avatars in virtual worlds. [41] document this effect in an experiment on users on the Yahoo! Avatars

site, and [42] find a similar effect using observational data, survey responses, and interviews of

users in the Second Life virtual world. Recent work in economics finds a similar pattern. [43]

find, in their experiment, that female subjects choose female avatars significantly less often when

competing to be “hired” for a math task than when the nature of the task is unknown. [44] also find

a gender effect in a marketplace experiment: buyers trust female avatars more than male avatars.

In response, male sellers are more likely to select female avatars than vice versa.
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The paper proceeds as follows. Section 2.2 describes the designs of Experiments S and R.

Section 2.3 presents the results. Section 2.4 concludes. Experimental instructions appear in the

Appendix.

2.2 Experimental Design

The study consists of two separate, but related experiments, denoted Experiment S and Exper-

iment R. In both experiments, subjects face two main phases:

1. A one-shot Dictator Game, either as a Sender or a Receiver; and

2. An Avatar Task, either as a Creator or a Rater.

I begin by describing the two phases, followed by the Experiments.

2.2.1 The Dictator Game

The game is a one-shot dictator game in which two players divide an endowment of $10.

Subjects were randomly assigned to the role of Sender or Receiver, with equal probability.2 The

Sender (her) chooses an integer amount of dollars 𝑠 ∈ {0, 1, ..., 10} for her consumption, and

the Receiver (he) receives the remaining 10 − 𝑠 dollars for his consumption. The unique Nash

Equilibrium in this game is for the Sender to keep the entire endowment for her consumption, and

pass along nothing to the Receiver: 𝑠∗ = 10.

2.2.2 The Avatar Task

Creators

Subjects assigned to Create were instructed as follows: “Use the dropdown menus to design

the avatar that will represent you in the study.” Each dropdown menu controlled a different vi-

sual attribute of a cartoon avatar, ranging from hairstyle to skin color. The avatar customization

2Neutral terms were used in the instructions for the experiment: the Sender was referred to as “Person A” and the
Receiver as “Person B.”
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Figure 2.1: Interface for the Avatar Creation Task.

screen was coded in a way that allowed subjects to see, in real time, how changing a particular at-

tribute would affect the appearance of the avatar. Hence, subjects could experiment with different

attributes—and see how they would look—before finalizing their avatar. Subjects were forced to

spend at least 150 seconds on the customization screen. Figure 2.1 shows screenshots of the avatar

customization interface.

Raters

Subjects assigned to the Rating Task were asked to rate fifteen avatars on eight dimensions.

Each dimension was characterized by an opposite word pair, such as Attractive - Unattractive, and

a six-point scale ([56]). Subjects were instructed as follows: “For each word pair, please find the

word that best fits the avatar. Please pick how well you think that word fits the avatar.” Figure 2.2
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Figure 2.2: Interface for the Avatar Rating Task. The left-right order of each word pair is randomly
determined in each round.

shows a screenshot of the avatar rating interface.

For each word pair, I code a rating of Very Well on the positive word (e.g., Attractive) as 6,

and a rating of Very Well on its negative counterpart (Unattractive) as 1. Table 2.1 shows how the

positive-negative distinction is coded for all word pairs.

2.2.3 Experiment S: Senders Create, and Receivers Rate

In Experiment S, subjects play the Avatar Task first, followed by the Dictator Game. Each

subject is assigned to one of two joint roles:
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“Positive” (Very Well = 6) “Negative” (Very Well = 1)
Agreeable Unpleasant
Attractive Unattractive

Calm Angry
Cooperative Competitive
Extraverted Introverted

Female Male
Honest Dishonest
Smart Unintelligent

Table 2.1: Positive-Negative Coding for Eight Rating Dimensions.

1. Sender in the Dictator Game, and Creator in the Avatar Task; or

2. Receiver in the Dictator Game, and Rater in the Avatar Task

The main experimental manipulation occurs on the subjects assigned to the first role (Sender-

Creator). In the treatment condition, subjects will see their avatar when deciding how much money

to allocate to send in the dictator game. In the control condition, on the other hand, subjects do not

see their avatar after they create it.

Subjects assigned to the second role (Receiver-Rater) are shown fifteen avatars, randomly cho-

sen from the avatars created by subjects assigned to the Sender-Creator role. After rating the fifteen

avatars, these subjects proceed to the dictator game and take no further action. By eliciting ratings

for multiple avatars, I am able to collect multiple, independent ratings for any given avatar.

The main outcome of interest in Experiment S is whether subjects who see their own avatar

send more money in the dictator game than subjects who don’t see their own avatar. There are

two secondary outcomes of interest in Experiment S. First, whether there are differences in ratings

on any of the eight dimensions between avatars created by treated subjects and avatars created by

control subjects. Second, whether there is a relationship between any of the eight dimensions and

amount of money passed on in the dictator game.

2.2.4 Experiment R: Receivers Create, and Senders Rate

In Experiment R, roles are reversed. Each subject is assigned to one of two joint roles:
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1. Receiver in the Dictator Game, and Creator in the Avatar Task; or

2. Sender in the Dictator Game, and Rater in the Avatar Task

The main experimental manipulation occurs in the timing of the game for subjects assigned to the

first role (Receiver-Creator). In the treatment condition, subjects are given the instructions for the

dictator game before creating their avatar, In particular, treated Receivers are told: “On the next

page, you will design an avatar to represent yourself in this study. [The Sender] will be shown

this avatar when they make the money allocation decision.” In the control condition, the timing is

reversed: subjects create their avatar before being told the context in which the avatar will be used.

Subjects assigned to the second role (Sender-Rater) first play three rounds of the dictator game.

In each round, they are matched with a different Receiver-Creator, and are shown that Receiver’s

avatar when making their allocation decision.3 Subsequently, each Sender-Rater is shown fifteen

avatars, randomly chosen from the avatars created by subjects assigned to the Receiver-Creator

role.4

There are two main outcomes of interest in Experiment R. First, whether treated Receiver-

Creators receive more money from Senders than control Receiver-Creators. Second, whether

avatars created by treated Receiver-Creators are more homogeneous on any of the eight dimen-

sions than avatars created by control Receiver-Creators.

2.2.5 Implementation Details

Both experiments were coded using oTree ([47]). Both experiments were conducted online

in February and March 2024, with 994 participants recruited on mTurk via CloudResearch5 ([57,

58]). On average, Sender-Creators in Experiment S and Receiver-Creators in Experiment R spent

about 9 minutes completing the experiment. Receiver-Raters in Experiment S and Sender-Raters

3Senders are told, before starting the dictator game, that “[w]hen you make your money allocation decision, you
will see an avatar that [the Receiver] created to represent themself in the study.”

4The three avatars that appeared in the preceding dictator game are excluded from random selection in the rating
phase.

5Using CloudResearch, I restricted my sample to subjects residing in the United States who had previously com-
pleted at least 100 mTurk tasks (HITs) with at least a 90% approval rate.
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Experiment S Experiment R
Sender 243 [Creator] 446 [Rater]

Receiver 59 [Rater] 246 [Creator]

Table 2.2: Number of Subjects Recruited, by Experiment and Role in Dictator Game.

in Experiment R spent about 12 minutes completing the experiment. Table 2.2 summarizes the

number of subjects recruited for each role in each Experiment. Of the 243 Sender-Creators in

Experiment S, 108 were assigned to the Control group and 135 to the Treatment group. Of the

246 Receiver-Creators in Experiment R, 118 were assigned to the Control group and 128 to the

Treatment group.6

All subjects were paid $1 for completing the study, and were eligible to be selected for a bonus

payment with 20% probability. If selected for bonus payment, the subject additionally earned their

payoff in the Dictator Game, up to $10. In Experiment S, 59 Senders were randomly selected for

bonus payment. In Experiment R, 51 Receivers were selected for bonus payment; Senders that

matched with at least one of these Receivers were given a bonus payment.

In addition to the two main tasks of the experiment, all subjects completed a short, unincen-

tivized demographic questionnaire.

2.3 Results

I first present balance tables of demographic characteristics for Creators in both experiments

(Sender-Creators in Experiment S; Receiver-Creators in Experiment R), then discuss two main

results, followed by results of exploratory analyses.

Table 2.3 (Table 2.4) reports average values or proportions of six demographic variables for

Creators in Experiment S (Experiment R).7

6The computer program randomly assigned each Sender-Creator in Experiment S (Receiver-Creator in Experiment
R) to Treatment or Control with equal probability.

7isParent is an indicator that takes value 1 for a subject who reports, for their parental status, that they are a parent.
isMale is an indicator that takes value 1 for a subject who reports, for their gender, that they are a man. isWhite is an
indicator that takes value 1 for a subject who reports, for their race, that they are white. isLeft (isRight) is an indicator
that takes value 1 for a subject who reports, for their political views, that they are Left or Somewhat Left (Right or
Somewhat Right).
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Experiment S Age (yrs) isParent isMale isWhite isLeft isRight
Control (𝑁 = 108) 40.8 42.3% 57.5% 76.6% 40.0% 34.3%

Treatment (𝑁 = 135) 40.5 49.6% 64.1% 84.1% 46.0% 32.5%

Table 2.3: Demographic Characteristics of Creators in Experiment S.

Experiment R Age (yrs) isParent isMale isWhite isLeft isRight
Control (𝑁 = 118) 40.5 50.9% 67.5% 80.0% 48.7% 35.7%

Treatment (𝑁 = 128) 41.9 52.3% 57.8% 83.6% 47.6% 35.7%

Table 2.4: Demographic Characteristics of Creators in Experiment R.

2.3.1 Amount Sent (Received) by Creators in Experiment S (Experiment R)

The main outcome of interest in Experiment S was whether treated Senders, who saw their own

avatars when making the money allocation decision, sent more money to Receivers than control

Senders, who did not see their own avatars after designing them. Figure 2.3 shows that treated

Senders do pass on more money: on average, treated Senders sent $3.42 while control Senders

sent $3.19. However, the difference is not statistically significant at a 5% level.

Analogously, a main outcome of interest in Experiment R was whether treated Receivers, who

were told that their avatar would be shown to a Sender in a Dictator Game, received more money

than control Receivers, who designed their avatar before knowing how it would be used. I regress

amount received by Receivers on an indicator for treatment, and control for round number. The

results of the regression appear in Table 2.5: indeed, treated Receivers receive approximately 20

cents more on average, but this difference is not statistically significant at the 5% level (𝑝 = 0.102).

2.3.2 Treatment Effect on Avatar Ratings in Experiment R

Is there a significant treatment effect on how Receivers’ avatars were perceived and rated? In

addition to mapping the rating on each dimension to an integer between 1 and 6, I calculate an

index of positivity that aggregates the eight ratings into a single value.8 The index of positivity is a

8I also calculate an analogous index for the ratings dimensions, excluding Female-Male.
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Figure 2.3: Amount Sent by Senders in Experiment S. Error bars show a 95% confidence interval.
The p-value shown is from a one-sided, two-sample t-test.

(1)
Amount Received

isTreated_Receiver 0.194
(0.118)

Round -0.033
(0.025)

Constant 3.248∗∗∗

(0.129)
Observations 1338
∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, ∗∗∗ 𝑝 < 0.001

Table 2.5: Treatment Effect on Amount Received by Receiver-Creators in Experiment R. Standard
errors (in parentheses) are clustered at the Sender-Rater level.
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simple arithmetic mean, normalized so that the index takes values in [0, 1]:9

Index of Positivity =
(Agreeable + Attractive + ... + Smart) − 8

(48 − 8)

I regress the two indices of positivity on an indicator for whether the avatar’s Receiver-Creator was

treated, as well as controls for the Sender-Rater’s demographics and the round in which the avatar

was rated. Additionally, I perform analogous regressions for the eight dimensions individually. I

report the results of the former regressions in Table 2.6, and of the latter regressions in Table 2.7.

The estimations suggest a significant treatment effect. Treated Receivers’ avatars were rated

more positively than avatars created by Control Receivers: on average, Treated avatars were rated

one point higher on one dimension than Control avatars.10 Even when the Female-Male dimension

is excluded from the positivity index, the positive treatment effect persists. Moreover, the estimates

indicate significant, positive treatment effects for seven of eight dimensions.

It is possible, however, that the observed treatment effect could be driven by demographic

differences in the Creators themselves. As a most direct example, the relatively large, positive

coefficient on Female in column (4) could be driven by men making up a smaller proportion of

Creators in the Treatment group relative to the Control group (see Table 2.4). I regress the Female

dimension rating on indicators for the Creator’s gender and treatment assignment, as well as the

interaction, and present the results in Table 2.8.

Indeed, column (1) indicates that avatars made by male Creators are rated lower on the Female

dimension than those made by female Creators. However, column (2) shows that the treatment

effect on Female is robust to controlling for the Creator’s gender. In fact, column (3) suggests that

a significant proportion of the the treatment effect is driven by the interaction: male Creators, when

they know that their avatar will be shown to a Sender, create significantly more female-presenting

avatars.
9A positivity index of 0 maps to an avatar that is rated Very Well for the negative word on all eight dimensions (i.e.,

scores 1 on each of the eight dimensions). Conversely, a positivity index of 1 maps to an avatar that is rated Very Well
for the positive word on all eight dimensions (i.e., scores 6 on all eight dimensions).

10The coefficient on the treatment indicator in column (1) of Table 2.6 is 0.025, which is the amount by which the
positivity index increases when the score of a given dimension increases by 1 point.
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(1) (2)
Positivity Pos_ExclFem

isTreated_Creator 0.025∗∗∗ 0.015∗∗∗

(0.004) (0.004)

Round -0.002∗∗∗ -0.002∗∗∗

(0.000) (0.000)

Age_Rater -0.000 -0.000
(0.000) (0.000)

isMale_Rater -0.012 -0.016
(0.007) (0.008)

isParent_Rater -0.001 0.001
(0.008) (0.009)

isWhite_Rater -0.004 -0.006
(0.009) (0.010)

isLeft_Rater 0.003 0.001
(0.009) (0.010)

isRight_Rater 0.002 0.002
(0.010) (0.012)

Constant 0.606∗∗∗ 0.650∗∗∗

(0.016) (0.018)
Observations 6345 6345
∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, ∗∗∗ 𝑝 < 0.001

Table 2.6: Treatment Effect on Perceived Positivity of Receiver-Creator Avatars in Experiment R.
Standard errors (in parentheses) are clustered at the Rater level.
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(1) (2) (3)
Female Female Female

isMale_Creator -2.782∗∗∗ -2.758∗∗∗ -2.882∗∗∗

(0.05) (0.05) (0.07)

isTreated_Creator 0.209∗∗∗ 0.069
(0.04) (0.07)

Treated x Male 0.223∗∗

(0.08)

Constant 4.608∗∗∗ 4.483∗∗∗ 4.567∗∗∗

(0.04) (0.05) (0.06)
Observations 6669 6669 6669
∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, ∗∗∗ 𝑝 < 0.001

Table 2.8: Treatment and Gender Effects on Female Rating of Receiver-Creator Avatars in Exper-
iment R. Standard errors (in parentheses) are clustered at the Rater level. The word that appears at
the top of each column is the word associated with the value 6; its opposite has value 1.

2.3.3 Exploratory Analyses

Amount Received Over Time in Experiment R

Averaging across all three rounds, Treated Receivers in Experiment R earn more money than

Control Receivers. Does the direction of the effect persist across all rounds? Figure 2.4 shows that

the answer is yes, but that the difference is largest in the first round ($0.34), and the gap narrows

in the second ($0.09) and third ($0.16) rounds.

Additionally, I consider whether the perceived positivity of a Receiver’s avatar predicts the

amount of money sent to the Receiver. I regress the mean amount received on the mean positivity

index of their avatar, for the entire dataset (controlling for round number), and also for each round

separately. The results in Table 2.9 indicate, overall, a positive relationship between the amount a

Receiver receives and the positivity of their avatar. Interestingly, the direction of the effect is not

consistent across rounds: the sign of the coefficient is negative in the second round.
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Figure 2.4: Amount Received by Receivers in Experiment R. Error bars show a 95% confidence
interval. The p-values shown are from one-sided, two-sample t-tests.

Round 1 Round 2 Round 3 All Rounds
Positivity_Mean 1.495 -0.801 0.571 0.449

(0.95) (1.04) (1.04) (0.60)

Round -0.038
(0.02)

Constant 2.465∗∗∗ 3.700∗∗∗ 2.938∗∗∗ 3.098∗∗∗

(0.57) (0.61) (0.61) (0.36)
Observations 446 446 446 1338
∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, ∗∗∗ 𝑝 < 0.001

Table 2.9: Effect of Receiver Avatar’s Positivity on Amount Received by Receiver in Experiment
R. Standard errors are clustered at the Sender-Rater level.
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Demographics of Senders in Experiment S

In Experiment S, I find a small, positive treatment effect on amount sent. Is the direction of the

treatment effect robust to controls for Sender demographics? I regress amount sent on an indicator

for whether the Sender was treated, and control for the demographic characteristics of the Sender

as well as interactions of the treatment dummy and the demographic characteristics. Column

(2) in Table 2.10 shows that the direction of the treatment effect stays positive when controlling

for demographics and reveals a significant, positive impact of being a parent on amount sent to

the Receiver. Moreover, column (3) of the same Table indicates significant interactions of the

treatment with subjects’ political leanings.

2.4 Conclusions

As more individuals represent themselves with avatars in digital settings, it is imperative to

understand how avatars induce self image and social image considerations in users. In Experiment

S, the data suggest that seeing one’s avatar does not induce significantly higher prosociality than

when one doesn’t see one’s own avatar. On its face, this result does not align with the result in [14],

in which subjects who saw themselves chose to shock an anonymous participant significantly less

often than subjects who saw a neutral stimulus (or not stimulus at all). However, another distinction

between Experiment S and the [14] experiment is in the task: it is reasonable to think that dividing

a $10 endowment (as in Experiment S) is a less consequential decision than administering a painful

electric shock to somebody else. The lack of a significant treatment effect in Experiment S may

also be driven by this difference.

In Experiment R, the data suggest that individuals do design their avatars differently when they

are aware of how their avatar will be used. The treatment effect moves avatars toward more ’pos-

itive’ traits—in particular, toward being more attractive, smart, and honest—and induces treated,

male Creators to make avatars that look more female. Moreover, there is an economically mean-

ingful treatment effect: treated Receiver-Creators receive more money than do control Receiver-
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(1) (2) (3)
Amount Sent Amount Sent Amount Sent

isTreated_Sender 0.23 0.10 -1.79
(0.33) (0.34) (0.95)

Age -0.01 -0.00
(0.01) (0.01)

isMale -0.30 -0.63
(0.36) (0.53)

isParent 1.34∗∗∗ 1.05∗

(0.37) (0.53)

isWhite 0.33 0.43
(0.36) (0.48)

isLeft 0.18 -0.86
(0.41) (0.60)

isRight -0.48 -1.89∗∗

(0.48) (0.60)

Treated x Male 0.44
(0.71)

Treated x Parent 0.35
(0.71)

Treated x White -0.30
(0.67)

Treated x Left 1.93∗

(0.81)

Treated x Right 2.72∗∗

(0.90)

Constant 3.19∗∗∗ 2.87∗∗∗ 3.92∗∗∗

(0.24) (0.70) (0.85)
Observations 243 225 225
∗ 𝑝 < 0.05, ∗∗ 𝑝 < 0.01, ∗∗∗ 𝑝 < 0.001

Table 2.10: Amount Sent by Senders in Experiment S. Standard errors are shown in parentheses.
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Creators. However, the former effect doesn’t explain the latter: variation in money received is

not explained by variation in rating on any particular dimension. The mechanism that drives the

increased amount received by treated Receiver-Creators remains an open question for future work.
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Chapter 3: Minority Turnout and Representation under Cumulative Voting.

An Experiment.

3.1 Introduction

The fragility of American democracy, rooted historically in slavery, manifests itself in persis-

tent efforts to disenfranchise racial and linguistic minorities, Black Americans first and foremost.

Almost 60 years after the Voting Rights Act (VRA), the disputes we continue to witness are re-

minders of the heightened importance of voters’ participation. In 2012, the Pew Research Center

concluded: “The Growing Electoral Clout of Blacks Is Driven by Turnout”.1 The date is not co-

incidental: 2012 was the election year for President Obama’s second term, when for the first time,

Black turnout was higher than White turnout.2

Guaranteeing high electoral participation by minorities requires rules about fair and equal ac-

cess to voting. But that is not enough: as the surge in Black political engagement during the

Obama years shows, it also requires giving minorities the realistic chance of a desired outcome.3

America’s majoritarian electoral system makes this difficult. Without resorting to proportional

representation, the courts have mandated modifications to electoral rules in jurisdictions where

majoritarian systems effectively disenfranchise the minority. The traditional remedy has been the

design of single member districts in which the minority constitutes a majority of the electorate. In

1993, however, the Supreme Court judged unconstitutional districting plans driven by considera-

tions of race (Shaw v. Reno), and such districts have since had a troubled legal history. Our focus

1[59]
2According to the US Census Bureau, Black non-Hispanic turnout increased from from 60% to 65% and then to

67% from 2004 to 2008 to 2012, while, over the same period, the turnout of non-Hispanic Whites went from 67% to
66% and then 64%.

3For a brief panoramic summary of voter suppression in the US and the role of the VRA, see [61]; for a discussion
of theories of representation and empowerment, and for empirical evidence, see [62].
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is on a different alternative proposed by the courts: Cumulative Voting (CV), a solution built not

on controlling district borders but on the voting rule itself.

CV applies to elections in multi-member districts. The core idea is to allow voters to vary the

number of votes cast for each candidate. Under CV, each voter has as many votes as there are

open seats, and the candidates with more votes win, as under simple plurality. However, each voter

is allowed to distribute the votes freely among any number of candidates. CV treats every voter

equally; yet, a cohesive minority can ensure itself some victories by cumulating its vote. CV is not

conditional on fixed patterns of geographical segregation and thus does not require adjustments

as social and political conditions change. As a result, it is not subject to the type of litigation

that has weakened the VRA. In addition, although CV can deliver semi-proportional outcomes, it

does so through a relative minor modification of a majoritarian system. The US, the UK, Scotland,

countries with long-held skepticism of proportional representation have a history of accepting CV.4

This paper contributes to the debate on minority representation by analyzing, both theoretically

and experimentally, CV’s potential to increase the relative voting participation of the minority and

its share of seats in elected bodies. Both effects have been observed in actual applications, but

evaluating historical evidence is complicated by the non-random adoption of CV. The existing ev-

idence thus must be accompanied by experimental testing. Our main conclusion is that, in the

controlled environment of the lab, CV’s predicted outcomes are realized. Across all experimental

parametrizations, the relative participation in voting of the minority group increases and so does

its share of electoral victories. Part of the impact on minority victories stems immediately from

the allowed cumulation of votes: to prevent spreading votes too thinly, the majority must limit the

number of candidates it fields, leaving openings for minority candidates. But another important

contributor to the minority’s success is that CV increases the differential turnout of the minority,

relative to the majority. Both theoretically and in the lab, the improved prospects brought by CV

work to increase the fraction of minority voters among those who turn out. As in the Obama

4Similarly to CV, Limited Vote (LV) also results in semi-proportional outcomes. Under LV, voters have fewer
votes than the number of candidates and cast one vote per chosen candidate. LV is considered simpler than CV but
less reliable in generating minority representation. See for example [63]. For a broad discussion of alternative rules
and proportional representation, see [64].
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election or the Pew Research report summary title mentioned above, the realistic promise of rep-

resentation encourages political participation.

CV was used for more than 100 years, from 1870 to 1980, to elect representatives to the Illinois

State House and is the rule now in the election of local commissions in tens of local jurisdictions.

Empirical case studies have been promising. In Alamogordo, New Mexico, Latinos amounted to

20% of the electorate but had long been unrepresented in the City Commission. In 1987, after

the adoption of CV, the City Commission welcomed its first Latino representative in twenty years.

In Amarillo, Texas, minorities made up 24% of the electorate, but lacked representation on the

school board. In 2000, after the adoption of CV, Amarillo welcomed its first Black and first Latina

school board representatives. In Chilton County, Alabama, the Black community (11% of the

electorate) struggled for years with unpaved roads. In 1988, after the adoption of CV, the first Black

county commission member was elected since Reconstruction. The roads were finally paved.5

Empirically, then, CV correlates with an increase in the number of elected minority representatives

([70]; [65]), and in the public goods provided to minority communities ([68]). In addition, its use

appears to increase minority participation in the political system, and in a study analyzing the

impact on local US jurisdictions, CV is associated with an increase of approximately 5 percentage

points in overall turnout ([71]).

As inspiring as these results are, when implemented, CV typically follows voting rights liti-

gation, indicating heightened sensitivity to minority representation and stronger minority involve-

ment. Understanding the specific role of the voting rule is helped by complementing the historical

experiences with the study of a move to CV under the controlled conditions of the lab. We run

different experimental treatments, comparing standard bloc voting (one-vote-per-open-seat) and

CV, and varying both the number of seats and the relative size of the minority. Because our more

innovative contribution concerns turnout, we focus on a voter’s incentive to overcome obstacles to

voting. We run a canonical costly voting experiment where payoffs depend on one’s own group

5See [65] for a short history of CV. Other useful sources are [66], [67], [68]. For a strong defense of CV, see
[69]. Updated information on the current use of CV is reported in fairvote.org. Outside local politics, CV is used
to elect corporate boards in approximately 10% of S&P 500 companies, again with the goal of protecting minority
representation.
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achieving electoral success but voting is individually costly ([72]; [73]). Do participants, par-

ticularly participants on the minority side, overcome those costs more often when votes can be

cumulated?

Empirically, unless complemented by sophisticated formulations of bounded rationality, costly

voting models fail to predict the level of turnout in large elections. However, in studies whether of

historical or experimental data, their comparative predictions have fared better: turnout is predicted

to increase when elections are closer, when they are more salient, when voting costs are lower,

when the electorate is smaller (for example, [74]; [73]). It is this type of comparative effect that

interests us: when the voting rule changes to CV, are minority voters more represented among

overall voters? Precise theoretical predictions depend on complex calculations of pivotality, but

the logic underlying the results is in fact much simpler: when votes can be cumulated, and only

when votes are cumulated, the minority can win seats even when if realized turnout rates are

similar between minority and majority voters. In equilibrium, such prospects encourage minority

participation: CV always increases the differential turnout of the minority, relative to the majority.

According to the theory, the change in differential turnout is the result of a sharp decline in

majority voting participation, together with either a mild increase or a a minor decline for the mi-

nority. In our experiment, although the impact on differential turnout is realized and is robust,

turnout under CV remains higher than expected for both groups. We read this evidence as sug-

gesting that the subjects are responding to the increased competitiveness introduced by CV and the

minority’s heightened prospects more closely than to the pivotality calculations that underlie the

exact theoretical prediction.

To our knowledge, there is no existing theoretical or experimental study of turnout under CV.

Previous laboratory experiments on CV ([75] and [76]) focus on the coordination problem the

voting rule poses and neglect the impact of the voting rule on voters’ participation decision. We

take the opposite approach. We focus on voters’ turnout decisions and assume that the coordina-

tion problem is addressed by the parties’ leadership, and addressed primarily through the leaders’

choice of the number of party candidates.

56



We make this assumption because it mirrors our reading of CV’s historical experiences. For

example, [66] is a very lively study of CV in Victorian England, an interesting environment for its

experimental spirit, the richness of cases, and the availability of historical documents. Focusing

exactly on the strategic problems posed by CV, the authors find: “a willing demand for party or-

ganization from voters, as much as a willing supply of it from the parties themselves.” Strategic

mistakes were made, typically in the form of over-nominations by the majority party, but their

responsibility was attributed to party leaders, and quickly corrected. Consider the following ex-

change from 1884 Parliamentary hearings on an election run with CV (cited by [66], p. 911):

Mr. Courtney: If a party ran too many candidates it might not gain its due proportion of power.

Mr. Sanford: Quite so. That is its own fault.6

Similar sentiments recur in other episodes, whether the majority and minority identities are

party-based, as in Victorian England, or correspond to racial or linguistic division, as described,

for example, in [68]’s detailed chronicle of the first adoption of CV in Chilton County, Alabama,

following VRA litigation. Because they are so costly, nomination mistakes are corrected rapidly,

and granting party leaders their optimal choice of candidates seems a good working assumption.7

Note also that a common finding in the literature is that nomination mistakes are more common

on the majority side, for whom the need to concentrate votes is less obvious. If our analysis

underestimates the parties’ difficulties in coordinating votes, it is likely to also underestimate the

extent to which the minority benefits from CV.

Because CV is an example of “semi-proportional” voting rules—rules whose results approach

proportional representation without imposing proportionality—parallel to our work are the exper-

iments in [79] and [80], which compare turnout under single-winner majoritarian and proportional

elections. However, although CV leads to quasi-proportional outcomes, the turnout decision is

6[77]. School board elections attracted much attention because they decided religious education in schools, and in
particular the inclusion or not of Catholicism.

7When CV becomes established, if anything the often voiced concern is the possibility of collusion between party
leaders, reducing voters’ choices, as was remarked for example during the long experience with CV in the Illinois
State House elections ([78]).
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quite different: under proportional representation, the value of a marginal single vote is propor-

tional to the change in the party’s vote share, and pivotality, in its usual sense, is moot.8 With

CV, instead, pivotality continues to drive turnout decisions. The difference, relative to majoritarian

voting, is that the possibility of cumulating votes implies richer pivotality calculations. This said,

the conclusions are similar: both Herrera et al. and Kartal find that proportional representation

increases the turnout rate of the minority relative to the majority’s, and the minority’s expected

share of power. The same results hold under CV.

Currently, CV is limited to elections of local committees, and it is natural to ask whether there

are realistic chances of applications at a higher level. One possible reason for skepticism is that CV

applies to multi-member district elections and recourse to such elections is relatively infrequent,

not least because of its long history of legal challenges, exactly on the grounds of discrimination

against racial minorities. The problem, however, is the combination of multi-member districts

and bloc voting: in the absence of cumulation, a group that has a minority position in all districts

can indeed potentially win no representation at all. CV, on the contrary, favors minority victories,

in line with the Courts’ recommendation of its adoption following voting rights litigation. At

the moment, ten US states use multi-member district elections to elect at least one of their state

chambers.9 Such elections could in principle adopt CV and indeed there have been repeated calls

to that effect.10 With broader stakes, the focus would presumably be less on the representation of

racial and linguistic minorities and more on parties’ dynamics. The need to understand better the

effects of the voting rule remains.

The paper proceeds as follows. The next section describes the basic model in the absence of

voting costs and compares equilibrium minority victories under one-vote-per-seat and CV. Section

3.3 discusses theoretical predictions under voting costs. Section 3.4 describes the experiment,

and Section 3.5 discusses the experimental results. Section 3.6 concludes. Additional theoretical

8Indeed [79] comment on the similarity in turnout decisions between proportional voting models and non-
instrumental models of voting.

9Arizona, Idaho, Maryland, New Hampshire, New Jersey, North Dakota, South Dakota, Vermont, Washington, and
West Virginia. Ten more states explicitly allow multi-member districts by law.

10See for example [81], for a return to CV in Illinois state elections, or the advocacy of Fairvote.org.
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material is left to the Appendix. An online Appendix reports supplementary empirical results, as

well as a copy of the experimental instructions.

3.2 Base Model

An electorate of 𝑁 potential voters selects 𝐾 > 1 representatives for a commission. All po-

sitions are identical, and all are simultaneously decided in the election. The 𝑁 voters are divided

into two parties: M, the majority party with 𝑀 members, and m, the minority party with 𝑚 < 𝑀

members, where 𝑀 + 𝑚 = 𝑁 . Parties are led by party leaders whose role is to propose the party’s

list of candidates.

Within each party, all potential candidates are identical, and party leaders and voters share the

same objective: to maximize the number of positions won by their party. The utility derived from

one’s party winning 𝑘 positions is 𝑢(𝑘), increasing in 𝑘 . We denote by 𝑉 the value of controlling

all positions and assume 𝑢(𝑘) = (𝑘/𝐾)𝑉 . Linearity captures the focus on the number of positions

and simplifies both the lab implementation and the theoretical analysis. But we adopt it on sub-

stantive grounds as well: any “place at the table” has value. The assumption mirrors an exercise of

committee power that is proportional to the number of seats a party has won.

Each voter has 𝐾 votes, and the 𝐾 candidates with most votes are elected. If there are ties,

after the highest voted candidates are elected, the remaining open positions are filled by selecting

winners randomly among the tied candidates. We call 𝑥𝑝 the profiles of votes cast by members of

party 𝑝, where 𝑥𝑘
𝑖𝑝

is the number of votes cast by voter 𝑖 ∈ 𝑝 for candidate 𝑘 , and 𝑥𝑖𝑝 the vector of

all votes cast by 𝑖.

We study two electoral systems, multi-seat plurality (MP) and cumulative voting (CV). MP

corresponds to standard bloc voting in multi-member districts: under MP, each voter casts at most

one vote for each candidate: 𝑥𝑘
𝑖𝑝

∈ {0, 1} for all 𝑖, 𝑘, and 𝑝, and each party nominates 𝐾 candi-

dates.11 Under CV, each voter can distribute the 𝐾 votes in any manner the voter desires, as long as

the overall budget of 𝐾 votes is satisfied:
∑
𝑘 𝑥

𝑘
𝑖𝑝

≤ 𝐾 . The possibility of cumulating votes creates

11MP is used by all but two of the US states electing their legislatures from multi-member districts.
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a coordination problem that party leaders help address by selecting the number of candidates, 𝐺

for the majority party, and 𝑔 for the minority party. In line with historical experience12, we allow

for fractional votes, but voters, candidates, and positions are constrained to be integers.

The game has two stages. In the first stage, party leaders announce the party list; in the second

stage, voters distribute their votes over the party candidates. We focus on equilibria in weakly

undominated strategies where voters cast all their votes and cast votes on their party’s candidates

only. Under MP, each voter casts one vote for each party candidate. Under CV, the equilibrium is

a pair of vote profiles {𝑥M(𝐺, 𝑔), 𝑥m(𝐺, 𝑔)} and a pair of party lists {𝐺 (𝑥M, 𝑥m), 𝑔(𝑥M, 𝑥m)} such

that each party member’s votes maximize the number of seats won by the party, given the parties’

lists and the other voters’ voting choices, and each party list maximizes the number of seats won

by the party, given the opposite party’s list and all voters’ voting strategies.

Although our main focus is on turnout, and thus the theory will require some positive costs of

voting, it is helpful to begin by understanding the functioning of the two voting rules without the

complication of voting costs.

3.2.1 Minority representation without voting costs

With no reasons to abstain and no leeway in distributing votes, under MP, party M wins all

seats: each M candidate receives 𝑀 votes, and each m candidate receives 𝑚 < 𝑀 votes.

CV grants the minority the possibility of winning some seats. Suppose for example that all

voters in party m concentrate all their votes on a single candidate, who thus receives 𝑚𝐾 votes.

The minority wins one seat if its candidate beats the 𝐾th weakest majority candidate, that is, the

majority party’s candidate who ranks 𝐾th in terms of votes received. If the majority nominates

fewer than 𝐾 candidates, the minority candidate is elected. If the majority targets all positions

and nominates 𝐾 candidates, the weakest majority candidate will have most votes when the 𝑀𝐾

total majority votes are distributed equally among the 𝐾 majority candidates, and each receives

𝑀𝐾/𝐾 = 𝑀 votes. Hence the minority can guarantee itself a seat if 𝑚𝐾 > 𝑀 , or 𝑚 > 𝑀/𝐾 .

12For example, half votes were allowed in the Illinois State House; half, third, and quarter votes are allowed in the
Peoria, IL elections.
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This ratio, known in the literature as the threshold of exclusion, is a fraction of 𝑀: for example, a

minority that is half the size of the majority can guarantee itself a seat if the number of open seats

is three or more.

Academics and lawyers have extended this logic to a handy formula that delivers a party’s

guaranteed number of seats for each {𝑚, 𝑀, 𝐾}.13 On the face of it, the formula does not address

what we are really interested in: not how many seats can the minority make sure to win, but how

many seats will it win when both parties play their optimal strategies. Yet the answer the formula

yields can be grounded in a strategic analysis. In line with our focus on the coordinating role of

the party leaders, we call party-optimal those equilibria that for each party maximize the number

of seats won. We denote by 𝑧 the number of seats won by party m. As we prove in the Appendix:

Proposition 1. In the absence of voting costs, in all party-optimal equilibria of the CV voting

game: (i) for all 𝑚 < 𝑀/𝐾 , the minority never wins any seat; (ii) for all 𝑚 ≥ 𝑀/𝐾:

𝑧 =

⌊
𝐾𝑚 + 𝑚
𝑀 + 𝑚

⌋
if
𝐾𝑚 + 𝑚
𝑀 + 𝑚 ∉ Z

𝑧 =


𝐾𝑚+𝑚
𝑀+𝑚 − 1 with prob 𝑚/(𝑚 + 𝑀)

𝐾𝑚+𝑚
𝑀+𝑚 with prob 𝑀/(𝑚 + 𝑀)

if
𝐾𝑚 + 𝑚
𝑀 + 𝑚 ∈ Z

Given 𝑀 , 𝑚, and 𝐾,the proposition yields the equilibrium number of minority seats. Suppose,

for example, 𝑚 = 𝑀/2. Then 𝑧 = 1 if 𝐾 = 4; 𝑧 = 2 if 𝐾 = 6; and 𝑧 = 1 with probability 1/3 or

𝑧 = 2 with probability 2/3 if 𝐾 = 5.

What makes the result powerful is the unique equilibrium prediction on the number of minority

seats. As we discuss in more detail in the Appendix, for given 𝑀 , 𝑚, and 𝐾 , the game admits a

large number of party-optimal equilibria. And yet the multiplicity is irrelevant to the outcome: all
13The formula is so widely known and used that CV-calculators can be found online.

See, for example, https://www.lawjock.com/tools/cumulative-voting-calculator/, or Wikipedia
https://en.wikipedia.org/wiki/Cumulative_voting. Early influential references in political science are [82], [83],
[78], [84], and [85].
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party-optimal equilibria must yield the same number of minority victories.

The result follows from two main reasons. First, because voters and leaders share a com-

mon goal, party-optimal equilibria correspond to the equilibria of a two-player game where the

two party leaders directly control the distributions of the votes over the party candidates. Sec-

ond, the linearity of the objective function, 𝑢(𝑘), renders the game constant-sum. As a result, all

party-optimal equilibria must result in maximin payoffs, the payoffs the two parties can guarantee

themselves. Extending the reasoning described earlier then yields the proposition.

Note an immediate corollary that will shape intuition for what follows. There always exists

an equilibrium where 𝑔 = ⌊𝐾𝑚+𝑚
𝑀+𝑚 ⌋, 𝐺 = 𝐾 −

⌈
𝐾𝑚+𝑚
𝑀+𝑚 − 1

⌉
, and 𝑥𝑘

𝑖𝑚
= 𝐾/𝑔, 𝑥𝑘

𝑖𝑀
= 𝐾/𝐺: all

voters spread their votes equally over their party’s candidates, and the two parties nominate just

enough candidates to fill all open positions if 𝐾𝑚+𝑚
𝑀+𝑚 ∉ Z, or exceed the number of positions by 1 if

𝐾𝑚+𝑚
𝑀+𝑚 ∈ Z.

3.3 Voting costs

Suppose now that each voter 𝑖 faces a cost of voting 𝑐𝑖, drawn randomly and independently

across voters from a common distribution 𝐹 (𝑐) everywhere continuous and atomless over support

[𝑐, 𝑐], with 𝑐 ≥ 0. Realized costs are private information, but the distribution 𝐹 (𝑐) is common

knowledge and does not depend on party affiliation. The cost 𝑐𝑖 represents the cost of going to the

polls and is independent of the number of votes cast. A voter 𝑖 whose party wins 𝑘 positions has

utility𝑈𝑖 (𝑘), given by:

𝑈𝑖 (𝑘) =


𝑢(𝑘) − 𝑐𝑖 if voter 𝑖 voted

𝑢(𝑘) if voter 𝑖 abstained

3.3.1 Multi-winner plurality (MP)

Under MP, voters who have turned out cast a single vote for each of the party’s 𝐾 candidates.

Although multiple positions are in play, the analysis mirrors closely the standard approach to costly
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voting in single winner elections.14 Following [72], and the subsequent literature, we focus on

semi-symmetric Bayesian equilibria in threshold strategies: there exist cost thresholds 𝑐M and 𝑐m

such that any voter 𝑖 in party M (m) turns out to vote if 𝑐𝑖 < 𝑐M (𝑐𝑖 < 𝑐m) and abstains if 𝑐𝑖 > 𝑐M

(𝑐𝑖 > 𝑐m).

Call 𝑆𝑝 the number of voters who turn out for party 𝑝. Each M candidate receives 𝑆M votes,

and each m candidate receives 𝑆m votes. Thus only three outcomes are possible: either 𝑆M > 𝑆m,

and all 𝐾 positions are won by M candidates; or 𝑆M < 𝑆m, and all 𝐾 positions are won by m

candidates; or 𝑆M = 𝑆m, and all 𝐾 positions are tied, with 𝐾 majority and 𝐾 minority candidates

all having the same number of votes. Under a tie, the 𝐾 winners are chosen randomly among all

tied candidates. We denote by 𝐸𝑢𝑀𝑃
𝑇

the expected utility gain from winning seats under MP in

case of a tie. Then:

𝐸𝑢𝑀𝑃𝑇 =

𝐾∑︁
𝑘=0

(𝐾
𝑘

) ( 𝐾
𝐾−𝑘

)(2𝐾
𝐾

) 𝑢 (𝑘) = 𝑉/2

where the second equality follows from 𝑢(𝑘) = (𝑘/𝐾)𝑉 .

As in single-winner elections, a voter from party 𝑝 facing opposite party 𝑝′ must weigh her

cost of voting against the expected utility gain from influencing the outcome. Denoting by 𝑆−𝑖𝑝

the number of voters who turn out in party 𝑝 ignoring 𝑖, voter 𝑖 can influence the outcome either

by breaking ties (when 𝑆−𝑖𝑝 = 𝑆𝑝′; an event whose probability we denote by 𝜋𝑇𝑝) or by making ties

(when 𝑆−𝑖𝑝 = 𝑆𝑝′ − 1, with probability 𝜋𝑇−1
𝑝 ). Thus if the thresholds {𝑐M, 𝑐m} are interior, they

solve the system of equations:

𝑐m = [𝑢(𝐾) − 𝐸𝑢𝑀𝑃𝑇 ]𝜋𝑇m(𝑐M, 𝑐m) + [𝐸𝑢𝑀𝑃𝑇 − 𝑢(0)]𝜋𝑇−1
m (𝑐M, 𝑐m) (3.1)

𝑐M = [𝑢(𝐾) − 𝐸𝑢𝑀𝑃𝑇 ]𝜋𝑇M(𝑐M, 𝑐m) + [𝐸𝑢𝑀𝑃𝑇 − 𝑢(0)]𝜋𝑇−1
M (𝑐M, 𝑐m) (3.2)

14[86] study costly voting with multiple candidates but a single winner. Our model is closer to the traditional
two-candidate, one-winner set-up, with each party list being the parallel to the party candidate.
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or:

𝑐m = (𝑉/2)𝜋m(𝑐M, 𝑐m) (3.3)

𝑐M = (𝑉/2)𝜋M(𝑐M, 𝑐m) (3.4)

where 𝜋𝑝 ≡ 𝜋𝑇𝑝 + 𝜋𝑇−1
𝑝 is the pivotal probability for a voter of party 𝑝.

The linearity of the utility function implies that the equilibrium equations (3.3) and (3.4) do

not depend on 𝐾 . The problem is then formally identical to the classic costly voting problem

with a single winner and two alternatives. It is well-known, and we leave the expressions for the

pivot probabilities to the Appendix. Given equilibrium {𝑐m, 𝑐M}, we can derive the probabilities

of winning different number of positions. The derivation is straightforward, and again is left to the

Appendix.

3.3.2 Cumulative voting (CV)

With voting costs, the interests of voters and party leaders need not coincide any longer. The

game now has 𝑀 + 𝑚 + 2 players and three stages: a nomination stage, when the two leaders

choose the number of candidates; a turnout stage, when, after observing privately the realization of

the voting cost, each voter decides whether or not to vote; and finally a voting stage, when voters

at the polls choose how to cast their votes.15

We focus on pure strategy semi-symmetric perfect Bayesian equilibria such that within each

party, all voters follow the same strategy. We denote by 𝑥−𝑖𝑝 the profile of votes cast by voters other

than 𝑖 who have turned out and belong to 𝑝. The equilibrium is a pair of party lists {𝑔, 𝐺}, a pair

of cost thresholds {𝑐M, 𝑐m}, and a pair of voting profiles {𝑥M, 𝑥m} such that: (i) at the voting stage,

voter 𝑖 in party 𝑝 who has gone to the polls sets 𝑥𝑖𝑝 (𝐺, 𝑔, 𝑐𝑀 , 𝑐𝑚, 𝑥−𝑖𝑝, 𝑥𝑝′) so as to maximize the

expected number of positions won by 𝑝, and in equilibrium 𝑥𝑘
𝑖𝑝

= 𝑥𝑘𝑝 for all 𝑖 and 𝑘 ∈ 𝑝; (ii) at

the turnout stage, all 𝑖 ∈ 𝑝 with 𝑐𝑖 < 𝑐𝑝 (𝐺, 𝑔, 𝑐𝑝′, 𝑥𝑀 , 𝑥𝑚) strictly prefer to vote, and all 𝑖 ∈ 𝑝

15Because party leaders influence turnout through the number of candidates, note the connection to models of
leaders’ enforced social norms in voting ([87]).
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with 𝑐𝑖 > 𝑐𝑝 (𝐺, 𝑔, 𝑐𝑝′, 𝑥𝑀 , 𝑥𝑚) strictly prefer to abstain; and (iii) at the nomination stage, the two

party leaders set 𝑔(𝐺, 𝑥𝑀 , 𝑥𝑚, 𝑐𝑀 , 𝑐𝑚) and 𝐺 (𝑔, 𝑥𝑀 , 𝑥𝑚, 𝑐𝑀 , 𝑐𝑚) so as to maximize their party’s

expected number of positions. The term “equilibrium” in what follows, refers to such equilibria.

For any positive turnout, if 𝑔 < 𝐾 , party M is guaranteed min[𝐺, 𝐾 − 𝑔] seats, and similarly, if

𝐺 < 𝐾 , party m is guaranteed min[𝑔, 𝐾−𝐺] seats. The positions contested are max[0, 𝑔+𝐺−𝐾].16

The voters’ turnout decision complicates greatly the characterization of the equilibrium. Intu-

itively, there are three main reasons. First, turnout is stochastic and in evaluating how to distribute

votes, each voter needs to account for the probability of different turnout rates, both among voters

of her own party and among opponents. Second, the number of candidates nominated by the party

leaders will affect not only the distribution of votes among voters at the poll, but the decision to

turnout itself—the cost thresholds. And because such influence is mediated by the votes profiles,

the link in general is complex. Third, the multiplicity of equilibria noted in the absence of voting

costs continues to exist when voting is costly. And because the game cannot be assimilated to a

zero-sum two-player game any longer, the multiplicity of equilibria will in general translate into

multiplicity in outcomes.

This said, two limited results must hold and will help the experimental design. We summarize

them in one proposition. Recall that an equilibrium is strict when deviation implies a non-zero

loss.

Proposition 2. (i) There exists no strict equilibrium with 𝑔 + 𝐺 < 𝐾 + 1. (ii) If there exists an

equilibrium with 𝑔 + 𝐺 = 𝐾 + 1, then the equilibrium has equal spreading of votes: 𝑥𝑘
𝑖,m = 𝐾/𝑔

and 𝑥𝑘
𝑖,M = 𝐾/𝐺.

Proof. (i) If 𝑔 + 𝐺 ≤ 𝐾 , there are no contested seats. With no contested seats, no voter with

positive voting costs goes to the polls. Because non-contested positions are ensured, for given

opposite party list, increasing the number of party candidates cannot cost any seat. (ii) If 𝑔 + 𝐺 =

16We assume that non-contested positions are assigned to candidates nominated by the parties even in the absence
of voters’ turnout.
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𝐾+1, there is a single contested seat, and the competition between the two parties is over protecting

the least voted of their respective candidates. We are focusing on semi-symmetric equilibria, where

therefore 𝑥𝑘
𝑖𝑝

= 𝑥𝑘𝑝 for all 𝑖 ∈ 𝑝: in equilibrium all voters in 𝑝 cast the same number of votes on

party candidate 𝑘 . Can there be an equilibrium where there exist two candidates from the same

party, 𝑘 and 𝑘′, such that 𝑥𝑘𝑝 > 𝑥
𝑘 ′
𝑝 ? All party candidates with the exception of the single least voted

candidate are guaranteed election. Thus, if there exist 𝑘 and 𝑘′ such that
∑

−𝑖∈𝑝 𝑥
𝑘
−𝑖,𝑝 >

∑
−𝑖∈𝑝 𝑥

𝑘 ′
−𝑖,𝑝,

voter 𝑖 in party 𝑝 benefits from deviating. Rather than casting 𝑥𝑘
𝑖𝑝
> 𝑥𝑘

′
𝑖𝑝

and reinforcing the

difference in votes across the candidates, 𝑖 should counter it, and cast her votes so as to maximize

the votes total of the least voted of the party’s candidates: 𝑀𝑎𝑥{𝑥𝑖 𝑝} (𝑀𝑖𝑛𝑘 (
∑
𝑖∈𝑝 𝑥

𝑘
𝑖𝑝
)). Because

by construction such a deviation increases the votes of the least voted candidate, it cannot cost

any seat and is profitable if the voter is pivotal. Hence in any semi-symmetric equilibrium, if

𝑔+𝐺 = 𝐾+1, it must be that 𝑥𝑘𝑝 = 𝑥
𝑘 ′
𝑝 for all 𝑘 , 𝑘′, or 𝑥𝑘

𝑖,m = 𝐾/𝑔 and 𝑥𝑘
𝑖,M = 𝐾/𝐺. □

In what follows, we identify and use as theoretical references equilibria with equal spreading

of votes. We do so when 𝑔 + 𝐺 = 𝐾 + 1, but also when 𝑔 + 𝐺 > 𝐾 + 1. Distributing votes equally

is an easy default for the voters, but we focus on such equilibria for two additional reasons. First,

observers have documented that equal spreading of votes over all party candidates was the norm

in the Illinois State House ([78]; [88]). With more than a century of experience, it seems plausible

that such behavior condensed CV’s lessons when parties play their coordinating roles. Second,

the explicit constraint that votes must be spread equally is part of a modified CV rule (“Equal and

even CV”) applied in elections in Peoria, IL and at times proposed, because of its simplicity, as a

possible model for wider adoption.17

To characterize equilibria for the experimental parametrizations, we begin by discussing the

derivation of the equilibrium cost thresholds, and thus turnout, and showing how such derivation

differs from the usual approach. For given 𝑔 and 𝐺, equilibrium cost thresholds continue to trade

off costs of voting and expected utility gains from influencing the election. As before, a voter

may break an existing tie or cause a tie, but if the party’s candidates are fewer than the number

17See, for example, the discussion by fairvote.org in http://archive.fairvote.org/factshts/comparis.htm
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of seats, by casting more than a single vote on each, the voter may also move the outcome from

a loss to a win of all contested positions. Consider the problem for 𝑖 ∈ M. By voting, 𝑖 breaks a

tie if (𝐾/𝐺)𝑆M−i = (𝐾/𝑔)𝑆m, or 𝑆M−i = 𝑆m(𝐺/𝑔); 𝑖 causes a tie if (𝐾/𝐺) (𝑆M−i + 1) = (𝐾/𝑔)𝑆m,

or 𝑆M−i = 𝑆m(𝐺/𝑔) − 1. In addition, voter 𝑖 can shift M from losing to winning all contested

positions if both (𝐾/𝐺)𝑆M−i < (𝐾/𝑔)𝑆m and (𝐾/𝐺) (𝑆M−i+1) > (𝐾/𝑔)𝑆m, or 𝑆M−i ∈ (𝑆m(𝐺/𝑔)−

1, 𝑆m(𝐺/𝑔)). Denoting by 𝜋𝑊𝑝 the probability that the votes of a member of party 𝑝 move party 𝑝

from losing to winning all contested positions, if 𝑐M is interior, and 𝐺 + 𝑔 > 𝐾 , 𝑐M must solve:

𝑐M = [𝑢(𝐺) − 𝐸𝑢𝐶𝑉
𝑇,M(𝐺, 𝑔)]𝜋𝑇M + [𝐸𝑢𝐶𝑉

𝑇,M(𝐺, 𝑔) − 𝑢(𝐾 − 𝑔)]𝜋𝑇−1
M + [𝑢(𝐺) − 𝑢(𝐾 − 𝑔)]𝜋𝑊M

where:18

𝐸𝑢𝐶𝑉
𝑇,M(𝐺, 𝑔) =

𝐺∑︁
𝑥=0

𝑢(𝑥)
(
𝐺

𝑥

) (
𝑔

𝐾 − 𝑥

)
/
(
𝐺 + 𝑔
𝐾

)
=

𝐺

𝑔 + 𝐺𝑉.

Or:

𝑐M =
𝑉 (𝑔 + 𝐺 − 𝐾)

𝐾

[
𝐺

𝑔 + 𝐺 𝜋
𝑇
M + 𝑔

𝑔 + 𝐺 𝜋
𝑇−1
M + 𝜋𝑊M

]
(3.5)

The problem is analogous for minority voters. The equilibrium condition for an interior thresh-

old 𝑐m is:

𝑐m =
𝑉 (𝑔 + 𝐺 − 𝐾)

𝐾

[
𝑔

𝑔 + 𝐺 𝜋
𝑇
m + 𝐺

𝑔 + 𝐺 𝜋
𝑇−1
m + 𝜋𝑊m

]
(3.6)

The pivot probabilities and the probabilities of winning different numbers of position in case of

ties can be derived as under MP, taking into account that the number of candidates, in each party,

may differ from the number of seats. We leave them to the appendix.

Given (3.5) and (3.6), and positing 𝑥𝑘
𝑖m = 𝐾/𝑔, 𝑥𝑘

𝑖M = 𝐾/𝐺, we can find party leaders’ optimal

choice of𝐺 and 𝑔. Given𝐺, 𝑔, 𝑐M, 𝑐m, and the conjecture that all other voters spread votes equally,

we can verify that equal spreading is a best response for a voter at the polls. Hence the solution is

an equilibrium.

18Throughout the paper, we use the convention
(𝑟
𝑦

)
= 0 if 𝑦 > 𝑟.
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3.3.3 Equilibria for the experimental parametrizations

Figure 3.1 shows the equilibrium cost thresholds in the two parties, {𝑐m, 𝑐M}, and the expected

fraction of seats won by the minority under the two voting systems for a set of parameters that

include those used in the experiment. The distribution 𝐹 (𝑐) is Uniform over [0, 1], and thus the

cost thresholds are equal to the two parties’ turnout rates. The first column corresponds to MP, the

second and third to CV (for 𝐾 = 2 and 𝐾 = 4, respectively; recall that 𝐾 does not affect outcomes

under MP). The number of candidates, 𝐺 and 𝑔, equals 𝐾 for MP and is set at equilibrium value

for CV. In each panel, the horizontal axis corresponds to different values of 𝑀 , while upper and

lower panels refer to different relative sizes of the two parties.19

Figure 3.1: Expected turnout rates and share of minority seats, MP and CV. The thick lines corre-
spond to 𝑐M, the thin lines to 𝑐m; the bars correspond to the expected share of minority seats. 𝐹 is
uniform over [0, 1]; 𝑉 = 4.

19We found a unique equilibrium in all cases. We discuss in the Appendix the surprising lack of a consistent
underdog effect (𝑐m > 𝑐M) in the MP model. For both MP and CV, raising 𝐾 to 6 does not change the qualitative
results.
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The figure highlights two main regularities. First, the differential between the minority’s and

the majority’s turnout rates, 𝑐m − 𝑐M, is consistently higher under CV than under MP: CV leads

to a higher expected presence of minority voters among those going to the polls. The results hold

whether the minority is half the size of the majority or barely smaller; whether the number of open

seats is just enough for CV to differentiate itself from MP (𝐾 = 2) or is higher (𝐾 = 4); whether the

electorate is small or large, unless the difference in size of the two parties becomes negligible.20

Second, the expected fraction of seats won by the minority is consistently higher under CV. The

effect is most striking when the minority is relatively small (𝑀 = 2𝑚), and its expected share of

seats never rises above 14% under MP, less than half its share of the electorate, as opposed to being

consistently close to 40% under CV.

In all cases, the minority party sets 𝑔 < 𝐾 under CV, and thus exploits the possibility to

cumulate votes. When 𝐺 = 𝐾 , the minority’s cumulation of votes results in a higher probability of

affecting the outcome, incentivizing turnout; when𝐺 < 𝐾 , the difference in turnout probabilities is

reduced, but the share of minority victories is boosted by the seats left uncontested by the majority.

The simulations focus on small size electorates because their purpose is to generate the hy-

potheses we test in the experiment. But how would the voting rules compare when the electorates

are large? For MP, given its correspondence to single winner plurality systems, the theoretical

predictions are known: turnout rates fall with the increase in population, but less so for the minor-

ity, whose probability of success increases with population size (for given population share) while

remaining below 50 percent ([73]; [79]). There is no corresponding theoretical analysis of turnout

in large populations under CV. However, the regularities we see in our simulations match the theo-

retical results found by Herrera et al. for proportional representation: when the relative difference

in size between the two groups persists in large electorates, the difference in turnout between the

minority and the majority is consistently larger under proportional representation than under plu-

rality. In our simulations, we observe the same results under CV when 𝑀 = 2𝑚, for larger values

of 𝑀 .21 As mentioned earlier, the logic behind the turnout decision is different under proportional

20If 𝑀 = 𝑚 + 1 and 𝑀 is large, turnout equalizes for the two parties under both MP and CV.
21We have also run additional simulations with 𝑀 = 30 and 𝑀 = 40, confirming the qualitative results.
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representation and CV, but in both cases the comparison to MP reflects the smaller impact of a large

electorate on the minority decision, because the marginal impact of an additional vote is larger in

a smaller group in the case of proportional representation, or because of the positive impact of

cumulated votes on pivotality in the case of CV.22

Finally, we can compare the results to minority victories in the absence of voting costs, and

thus of turnout effects. Under MP and costless voting, as we know, the minority never wins any

seat, as opposed to the small but positive share predicted with costly voting. Under CV and costless

voting, the expected share of minority victories is 1/2 if 𝑚 = 𝑀 − 1 > 𝐾/2, and either 1/3 (if

𝐾 = 2) or 1/4 (if 𝐾 = 4) if 𝑚 = 𝑀/2, as opposed to being close to 40% in all such cases if voting

is costly. Changing the voting system from MP to CV always helps the minority, but the dramatic

effect expected if voting is costless is mitigated when voting is costly and turnout is not universal.

When voting is costly, the minority achieves substantive representation under CV but is always

expected to maintain its minority status in the allocation of seats.

3.4 The Experiment

The experiment reproduces exactly the theoretical model. Our main focus is the impact of

the voting rule on turnout, and especially on differential minority-majority turnout, and on the

fraction of minority victories. To evaluate the robustness of the results and to test the power of

the theoretical framework we implemented four different parametrizations: while we kept 𝑀 = 4

throughout the experiment, we varied 𝑚 between 2 and 3; for each 𝑚, we set 𝐾 = 2 and 𝐾 =

4. In all treatments, voting costs were drawn independently across participants from a uniform

distribution with support [0, 100], and 𝑉 , the value of controlling all positions, was set at 400.

The number of candidates fielded by each party under CV was set at the theoretical equilibrium

value for each parameterization and we constrained voters who turned out to spread their votes

equally over their party candidates. With our parameters, not only is equal spreading of votes

22[89] study pivot probabilities in large electorates when voters can choose to cast more than a single vote. The
problem analyzed–simultaneous referenda over multiple binary decisions–is different, but the effect of cumulation on
pivot probabilities seems likely to generalize.
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Expected Share
𝑀,𝑚 𝐾 Rule 𝐺, 𝑔 𝜏m 𝜏M (𝜏m - 𝜏M) Minority Seats
4, 2 2 MP 2, 2 0.54 0.66 -0.12 0.11
4, 2 2 CV 2, 1 0.67 0.30 0.37 0.42

4, 2 4 MP 4, 4 0.54 0.66 -0.12 0.11
4, 2 4 CV 3, 2 0.42 0.30 0.12 0.38

4, 3 2 MP 2, 2 0.56 0.79 -0.23 0.12
4, 3 2 CV 2, 1 0.49 0.27 0.22 0.42

4, 3 4 MP 4, 4 0.56 0.79 -0.23 0.12
4, 3 4 CV 3, 3 0.53 0.54 -0.01 0.42

Table 3.1: Experimental Predictions. 𝐹 uniform over [0, 100]; 𝑉 = 400.

an equilibrium response, but in the absence of distinguishing features among candidates or seats,

a voter’s unequal distribution of votes among the party’s candidates could only reflect noise.23

Participants acted as eligible voters: at each round, each drew an independent voting cost and

decided whether or not to vote. The design thus mimics the numerical simulations, with 𝑀 = 4.

Denoting by 𝜏𝑝 the turnout rate of voters from party 𝑝, we reproduce in Table 3.1 the theoretical

predictions for the experimental parametrizations.

The table replicates results from Figure 3.1, reporting precise numerical values. It dictates

the hypotheses to test. Our main focus is on comparative predictions on the effect of a change in

voting rule, from MP to CV, on the minority versus the majority. We will discuss three hypotheses

in particular. First, the differential of minority-majority turnout rates (𝜏m − 𝜏M) is strictly higher

under CV than under MP. Second, a related but tighter hypothesis states that such differential is

strictly negative under MP in all parametrizations; it is strictly positive under CV in three of the

four parametrizations, and barely negative in the fourth. Third, in all parametrizations the expected

share of seats won by the minority is higher under CV than under MP. CV benefits the minority

through the difference in turnout and, when 𝐾 = 4, because the majority should not, and in our

experiment does not, contest all seats.

We conducted the experiment between August and October 2020, with participants recruited

23Note that there is no communication among voters.
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using the Columbia Experimental Laboratory for the Social Sciences (CELSS)’ ORSEE web-

site24. Most subjects were undergraduate students at Columbia University or Barnard College.

All sessions were online due to the COVID-19 pandemic: participants received instructions and

communicated with experimenters using the Zoom videoconferencing software, and accessed the

experiment interface on their personal computer’s web browser. The experiment was programmed

in z-Tree ([90]) and run virtually using z-Tree unleashed ([91]). Each experimental session lasted

about 90 minutes with average earnings of $23. With the exception of a more visual style for the

instructions, the experiment developed very similarly to in-person experiments in the lab.25

During each session, party sizes were kept fixed, and participants played 15 consecutive rounds

of each of four treatments, CV and MP for each of 𝐾 = 2 and 𝐾 = 4. Having multiple treatments

within a session has two main purposes: it provides some control over idiosyncratic individual

behavior and, equally important in this type of experiment, keeps the subjects engaged in what is

otherwise a monotonous series of decisions. We controlled for the exact sequence of the treatments

by varying their order: for given 𝑚, either 2 or 3, we ran two experimental sessions for each of four

orders of treatments. Thus eight sessions were conducted with 𝑚 = 2 (12 subjects per session),

and eight with 𝑚 = 3 (14 subjects per session), for a total of 208 experimental subjects. Table 3.2

reproduces the experimental design.

Party affiliations were kept constant within each treatment to facilitate learning but were as-

signed randomly across treatments. In each round, two groups were formed randomly, each com-

posed of𝑚 minority and 𝑀 majority members. At the end of the round, an outcome screen reported

the party affiliations of the 𝐾 winning candidates and the number of members of each party who

had voted. Each participant’s final earnings corresponded to the sum of their earnings from one

randomly drawn round from each treatment (in addition to the $5 show-up fee).

24[46].
25The online appendix contains a reproduction of the instructions.
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Sessions 𝑚 Subjs Rounds 𝐾 Rule Order Sessions 𝑚 Subjs
1,9 2 12 15 2 CV 1 5,13 3 14

15 2 MP
15 4 MP
15 4 CV

2,10 2 12 15 2 MP 2 6,14 3 14
15 2 CV
15 4 CV
15 4 MP

3,11 2 12 15 4 MP 3 7,15 3 14
15 4 CV
15 2 CV
15 2 MP

4,12 2 12 15 4 CV 4 8,16 3 14
15 4 MP
15 2 MP
15 2 CV

Table 3.2: Experimental Design.

3.5 Experimental Results

We begin by summarizing experimental results in Table 3.3, in the same format used for Table

3.1, for ease of comparison to the theoretical predictions.26 We then discuss in more detail the

experimental results on aggregate turnout rates–the most novel contribution of this study–and on

the share of seats won by the minority–the core outcome variable. We conclude by analyzing the

source of these outcomes, i.e. individual turnout decisions.

Comparing the results to Table 3.1, some observations are immediate. First, with the exception

of the minority when 𝑚 = 2 and 𝐾 = 2, aggregate turnout in the lab under MP is close to the theory

in all parametrizations and for both parties; under CV, on the other hand, turnout is consistently and

substantially higher than predicted in both parties, with larger disparity for the majority. Second,

in line with the theory, changing the voting rule from MP to CV leads to an increase in differential

minority-majority turnout: although the quantitative effect is smaller than predicted, (𝜏m − 𝜏M) is

26The table is descriptive and standard errors reported here are not corrected for possible correlations.
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Average Share
𝑀,𝑚 𝐾 Rule 𝐺, 𝑔 𝜏m 𝜏M (𝜏m - 𝜏M) Minority Seats
4, 2 2 MP 2, 2 0.40 0.64 -0.23 0.11

(0.022) (0.015) (0.029) (0.018)

4, 2 2 CV 2, 1 0.64 0.64 0.00 0.26
(0.022) (0.015) (0.029) (0.016)

4, 2 4 MP 4, 4 0.59 0.62 -0.02 0.16
(0.022) (0.016) (0.027) (0.019)

4, 2 4 CV 3, 2 0.72 0.66 0.06 0.35
(0.020) (0.015) (0.027) (0.008)

4, 3 2 MP 2, 2 0.57 0.69 -0.12 0.21
(0.018) (0.015) (0.024) (0.023)

4, 3 2 CV 2, 1 0.65 0.57 0.07 0.40
(0.018) (0.016) (0.024) (0.013)

4, 3 4 MP 4, 4 0.56 0.75 -0.20 0.13
(0.018) (0.014) (0.022) (0.019)

4, 3 4 CV 3, 3 0.62 0.74 -0.12 0.35
(0.018) (0.014) (0.024) (0.012)

Table 3.3: Experimental Results: Summary Statistics. Standard errors are in parentheses.
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always higher under CV than under MP. In fact, as the theory predicts, the differential is negative

in all MP parametrizations and positive, if weakly so, in three of the four CV parametrizations.

Third, again as predicted, the share of seats captured by the minority is consistently higher under

CV. We examine these results in more detail in what follows, and find them robust. They are a

good summary of the experiment’s main lessons.

3.5.1 Turnout

Figure 3.2 reports aggregate turnout rates for minority and majority voters in the different

treatments. The darker blue columns refer to the experimental data; the lighter grey columns to the

theoretical predictions, calculated from the realized voting cost draws. To account for the presence

of multiple decisions by the same participant, the 95% confidence intervals are calculated from

10,000 Monte Carlo simulations that allow for correlation in turnout decisions at the individual

level.27

For all experimental values of 𝐾 and 𝑚, minority turnout is higher under CV than under MP.

The effect is particularly strong for 𝑚 = 2, but remains positive, if more muted, for 𝑚 = 3. In the

case of the majority, turnout is effectively unchanged under CV or MP, with the exception of 𝑚 = 3

and 𝐾 = 2, where we see a decline under CV. In this latter parametrization, the minority fields one

candidate, and the majority two; the majority is certain of one victory but, with a relatively large

minority concentrating all votes on a single candidate, the chances of a second majority victory are

low, discouraging turnout.

In fact, the observed decline in majority turnout when 𝑚 = 3 and 𝐾 = 2 is much smaller

than the theory predicts. The disparity is less pronounced in the other parametrizations, but, with

the exception of the minority when 𝑚 = 2 and 𝐾 = 2, turnout under CV is consistently higher

than theory predicts for both parties. In particular, the grey columns in the figure, reporting the

27We populate the simulations with a subject’s full set of 15 choices for the relevant treatment. Each simulation
corresponds to drawing, with replacement, the correct number of minority and majority subjects corresponding to the
treatment, with all their decisions, and generating one number for differential turnout (the difference in the frequency
of Vote decisions in each party). Over 10,000 simulations, we construct a distribution of differential turnout. The
95% CI’s correspond to the boundaries of the 95% probability mass centered on the empirical ratio. Results remain
substantively unchanged if we use standard automated programs for clustering standard errors.

75



Figure 3.2: Turnout Frequencies. The darker blue columns correspond to the data, the lighter grey
ones to the theory. The 95% CI’s are calculated from 10,000 Monte Carlo simulations that allow
for correlation in turnout decisions at the individual level.

theoretical predictions, show an expected decline in turnout for members of both parties in all

parametrizations (again with the only exception of the minority when 𝑚 = 2 and 𝐾 = 2). Such

generalized decline in turnout is absent from the data. The robustness of turnout under CV is the

most unexpected finding of the experiment, and we return to it in Section 3.5.3, when we look in

more detail at individual turnout decisions.

Given our focus on the potential role of CV in supporting the minority, the core theoretical

prediction on turnout is the increase CV is expected to induce in differential minority to majority

turnout rates (𝜏m − 𝜏M). Figure 3.3 reports the experimental results (the darker diamonds) and the

theoretical predictions (the lighter diamonds). In all cases, the differential minority to majority

turnout is higher under CV than under MP.

The absolute magnitudes of the experimental effects are muted, relative to the theory, particu-

larly in the 𝐾 = 2 treatments, reflecting the higher than expected majority turnout. Comparative

magnitudes, however, are roughly in line with predictions—more pronounced in 𝐾 = 2 treatments,

and more muted when 𝐾 = 4 . The theory also predicts that the minority’s turnout rate should

be lower than the majority’s in all MP treatments, higher in three of the four CV treatments, and

barely lower in the fourth. This too is observed in the experimental results.
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Figure 3.3: Differential Turnout: 𝜏m − 𝜏M. The 95% CI’s are calculated from 10,000 Monte Carlo
simulations that allow for correlation in turnout decisions at the individual level.

We construct a non-parametric test of the significance of these results by comparing them to the

corresponding simulations under the null hypothesis of no difference in behavior between minority

and majority voters. For each treatment 𝑡—i.e., for each parametrization and voting rule—we call

𝑛1(𝑡) the size of the minority sample, and 𝑛2(𝑡) the size of the majority sample. We then combine

minority and majority subjects in a single sample and construct two random groups, 1 and 2,

labeled 𝑔1(𝑡) and 𝑔2(𝑡), by drawing subjects with replacement from the joint sample and assigning

𝑛1(𝑡) random draws to group 1 and 𝑛2(𝑡) to group 2.28 We treat the samples in the two groups as if

they corresponded to the minority and to the majority, and calculate differential turnout (𝜏1 − 𝜏2).

We repeat the procedure 10,000 times and obtain a distribution of differential turnout, under the

28To allow for correlation of individual decisions, each subject is drawn with all 15 rounds of turnout decisions and
voting costs.
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hypothesis of no systematic difference in turnout between minority and majority subjects. The

relevant p-value is the probability mass of the distribution at (𝜏1 − 𝜏2) ≥ (𝜏m − 𝜏M), where the

latter is the difference in turnout rates observed in the data. We find: 𝑝 = 0.003 (𝑚 = 2, 𝐾 = 2; and

𝑚 = 3, 𝐾 = 2), 𝑝 = 0.137 (𝑚 = 2, 𝐾 = 4), 𝑝 = 0.135 (𝑚 = 3, 𝐾 = 4). The test confirms the visual

evidence of the figure: the impact of CV on differential minority-majority turnout is clear in the

𝐾 = 2 parametrizations; it is still present but smaller and thus less sharply identified when 𝐾 = 4.

Further analysis supports these conclusions. In Table 3.4, for given parametrization, we report

the estimation of a linear probability model where the subjects’ turnout decisions are regressed

on a dummy variable for minority status, a dummy variable for CV, and the interaction of the

two dummies, controlling for voting costs, for the relative order of CV and MP, and for the round

number.

The table tells us that, in all parametrizations, belonging to the minority decreases turnout

under MP, relative to the majority voters, while shifting to CV has no impact on majority voters’

turnout, with the exception of the case 𝑚 = 3, 𝐾 = 2, when the majority turnout declines. At the

center of our predictions, the positive parameter of the interaction term tells us that shifting to CV

has a larger positive effect (or a smaller negative effect) on the turnout of minority voters relative

to majority voters, The effect is precisely estimated when 𝐾 = 2, although not in the more complex

treatments with 𝐾 = 4. As expected, higher voting costs decrease turnout, but whether subjects

see CV before or after MP has no noticeable effect on the decision to vote, although as a session

proceeds, turnout slightly decreases.

These qualitative results are robust. As we report in the online Appendix, they remain un-

changed if we estimate the model using only data where the relevant treatment was the one the

subjects saw first—i.e., where we exploit the changing order of treatments across sessions to cre-

ate an in-between subjects design. Results also remain unchanged if we estimate a probit model,

rather than a linear probability model, with or without random effects.29

29Interacting the order of treatments with CV (i.e., adding a variable CV × CVfirst) has no effect. Changing the level
at which standard errors are clustered affects statistical significance but does not change the main message. Focusing
on the interaction term CV × Minority, and thus on the effect of CV on differential turnout, clustering at the group
level leads to a decline in all estimated standard errors; clustering at the session level increases estimated standard
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Minority -0.229∗∗∗ -0.042 -0.144∗∗∗ -0.202∗∗∗

(0.052) (0.052) (0.045) (0.052)

CV 0.008 0.029 -0.130∗∗∗ -0.027
(0.035) (0.035) (0.038) (0.030)

CV × Minority 0.227∗∗∗ 0.118 0.218∗∗∗ 0.091
(0.078) (0.072) (0.069) (0.061)

Voting Cost -0.007∗∗∗ -0.008∗∗∗ -0.009∗∗∗ -0.008∗∗∗

(0.001) (0.001) (0.000) (0.001)

CVfirst -0.057 -0.029 0.029 -0.006
(0.047) (0.047) (0.040) (0.040)

Round -0.008∗∗∗ -0.003 -0.008∗∗∗ -0.005∗∗∗

(0.002) (0.002) (0.002) (0.002)

Constant 1.095∗∗∗ 1.048∗∗∗ 1.201∗∗∗ 1.189∗∗∗

(0.039) (0.047) (0.033) (0.037)
Observations 2880 2880 3360 3360
𝑅2 0.239 0.228 0.296 0.268
Standard errors in parentheses. 96 clusters in columns 1,2; 112 in columns 3,4.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table 3.4: Individual turnout decisions. The default sample is majority subjects under MP. Stan-
dard errors are clustered at the individual level.

The regression results mirror closely what we see in the figures. Lower minority turnout under

MP is less precisely estimated when 𝑚 = 2 and 𝐾 = 4; the decline in majority turnout under CV is

only detectable for the case 𝑚 = 3, 𝐾 = 2, and the positive effect of CV on differential minority-

majority turnout is strongly significant for the 𝐾 = 2 treatments, but not when 𝐾 = 4. These are

the regularities we also see in the figures.

We can use the simulations reported earlier, estimating differential turnout under the null hy-

pothesis of no difference in behavior across minority and majority subjects, to construct a placebo

test. The simulations yield turnout rates for group 1 and group 2, the two groups generated ran-

errors for the 𝑚 = 2 parametrizations and reduces them when 𝑚 = 3. Clustering at the individual level, as in Table
3.4, is thus more conservative than the former and less conservative than the latter. See the online Appendix for all
alternative results and more discussion.
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domly from our data, for each treatment, by drawing subjects without distinguishing by party. For

each simulation, we replicate the regression in Table 3.4; over 10,000 simulations, we generate a

distribution of the parameter of the interaction term, CV × group 1, under the null of no difference

in the population. Figure 3.4 reports such distribution for each parametrization, as well as the

95% confidence interval around the distribution mean, and, with a thicker black line, the parameter

estimated in the original regression.

Figure 3.4: The effect of CV on differential minority-majority turnout rates. A placebo test. Results
of the original regressions (the thicker black lines) versus 10,000 replications with random group
formation. The dotted lines correspond to the 95% CI around the distribution mean.

Under the null of no systematic differences in turnout decisions between minority and majority

voters, the probability of estimating a differential effect of CV on the minority equal or larger to

the estimate in our original regression is effectively zero in both 𝐾 = 2 treatments (𝑝 < 0.001);

such probability is slightly larger in the 𝐾 = 4 treatments but still below conventional significance
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Figure 3.5: Share of seats won by the minority. Darker blue columns correspond to the data, lighter
grey to the theory. The 95% CI’s are calculated from standard errors clustered at the level of the
voting group.

levels (𝑝 = 0.031 when 𝑚 = 2; 𝑝 = 0.048 when 𝑚 = 3). The placebo test suggests strongly that

minority and majority members do in fact respond differently to the shift in voting rule from MP to

CV. As a result, differential minority-majority turnout is higher under CV than under MP, an effect

we cannot attribute to randomness.

3.5.2 Minority victories

Did CV help the minority secure more seats? Figure 3.5 shows that the answer is positive.

For every parametrization, CV increases the share of seats won by the minority, and does so

very significantly. There are some disparities relative to the theory: the minority fares better than

expected under MP in the 𝑚 = 3, 𝐾 = 2 treatment, and less well than expected under CV in the
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𝑚 = 2, 𝐾 = 2 treatment. On the whole, however, the results are in line with predictions: not only

do minority victories increase under CV in all cases, but the magnitude of the change is large: in

all parametrizations, the share of seats won by the minority doubles or more than doubles when

shifting from MP to CV.30

The message of the figure is confirmed by the statistical analysis. Table 3.5 reports the results

of regressing, for each parametrization, the share of seats won by the minority on a dummy vari-

able for CV, controlling for the relative order of CV and MP, for an interaction term between the

order and CV (CV×CVfirst), and for the round number. In all parametrizations, CV consistently

and substantially increases the share of minority victories. The order of treatments per se is not

significant, although in the case of the 𝑚 = 2 and 𝐾 = 2 parametrization, the most transparent, the

effect of CV on increasing minority victories is stronger in sessions where CV was run after MP.

Regressions run on data restricted to the first treatment in each session, however, confirm that the

positive and significant effect of CV on minority victories is very robust: as we show in the online

Appendix, the finding is confirmed in such restricted data set for all treatments, including when

𝑚 = 2 and 𝐾 = 2.31 Under CV, the possibility to cumulate votes combines with the increase in

differential minority-majority turnout to deliver larger influence to the minority.

3.5.3 Individual turn out decisions: monotonicity violations and cutpoints

Aggregate group outcomes–turnout rates and shares of seats won–are the main variables of

interest. But group outcomes are rooted in individual turnout decisions. In this subsection, we

briefly discuss the experimental evidence on individual behavior.

In cost of voting experiments, and more broadly in experiments where the equilibrium is in

monotone cutpoint strategies, violations of monotonicity are informative not only about the ac-

curacy of the theoretical predictions but also about the participants’ understanding of the rules of

the game. In our experiment, this is particularly important because a common objection to CV is

30Although, as predicted, such share remains under 50% in all cases.
31See the online Appendix, where we also document that results are unchanged when clustering standard errors at

the session level.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

CV 0.241∗∗∗ 0.202∗∗∗ 0.230∗∗∗ 0.224∗∗∗

(0.032) (0.031) (0.037) (0.028)

CVfirst 0.045 -0.003 0.069 0.059
(0.036) (0.037) (0.047) (0.038)

CV × CVfirst -0.164∗∗∗ -0.005 -0.068 -0.011
(0.050) (0.040) (0.054) (0.045)

Round -0.001 -0.000 -0.002 0.001
(0.003) (0.002) (0.003) (0.002)

Constant 0.094∗∗ 0.161∗∗∗ 0.188∗∗∗ 0.098∗∗∗

(0.036) (0.032) (0.039) (0.030)
Observations 1649 1641 1870 1861
𝑅2 0.094 0.165 0.082 0.131
Standard errors in parentheses.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table 3.5: Share of seats won by the minority. Standard errors are clustered at the level of the
voting group.

that its strategic complexity is a difficult obstacle for voters. Although experimental participants

limit themselves to the decision to turn out or not, the fact that under CV turnout implies casting

multiple votes for each candidate, and in one case fractional votes, could be confusing.

For each participant, we calculated the number of monotonicity violations, defined as the min-

imum number of decisions that would need to be modified for that participant’s turnout to be fully

monotonic in the voting cost realization: if 𝑖 chooses to turn out for a cost realization 𝑐𝑖 = 𝑐′ then 𝑖

should turn out for all 𝑐𝑖 < 𝑐′, and if 𝑖 chooses to abstain for a cost realization 𝑐𝑖 = 𝑐′′ then 𝑖 should

abstain for all 𝑐𝑖 > 𝑐′′. In our data, monotonicity violations are not common: in all treatments

more than half of participants have at most a single violation. The statement in fact undersells the

evidence: over the full data set, 75 percent of participants have at most one violation. What is

most important for our purposes, there is no systematic difference between the frequency of viola-

tions under MP and under CV. As we show more formally in the online Appendix, at least in the

simplified structure of our experiment, the hypothesis that CV is more confusing for voters is not
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supported by any evidence of more random behavior.32

We can use the minimization of monotonicity violations as a guide to estimating individual

cost cutpoints. Figure 3.6 reports, for each subject, the cutpoint that minimizes the frequency of

violations.33 Because the theory predicts different behavior depending on party affiliation, the

figure reports estimated cutpoints separately for each party. In all cases, the darker blue diamonds

correspond to the average of the individual cutpoints, and the lighter grey diamond to the theoretical

prediction.

Figure 3.6: Estimated Cost Cutpoints. The darker blue diamonds correspond to the average of the
individual cutpoints, and the lighter grey diamonds to the theoretical prediction. The size of each
circle is proportional to the number of subjects it represents.

The figure shows clearly the high heterogeneity in behavior: estimated cutpoints vary across

individuals, in both parties and for both voting rules. The theoretical semi-symmetric equilibrium

predicts a single cutpoint for each party, a prediction clearly violated by the data. The heterogeneity

we see, however, is in line with previous findings from similar experiments.34 Comparing the

32We report in the online Appendix the fraction of individuals with different numbers of monotonicity violations,
represented as separate CDF’s for MP and CV. The two CDF’s are barely distinguishable, and Kolmogoroff-Smirnov
(K-S) two-sample tests, corrected for discreteness, cannot reject the hypothesis of a common population,

33See, for example, [92] or [73] for a similar approach. When, for a given subject, multiple cutpoints are consistent
with minimizing monotonicity violations, the figure reports the mean cutpoint. In a few cases (15 subjects out of 208),
the multiplicity concerns ranges of possible cutpoints; in these cases reporting the mean would muddle behavior, and
we have chosen the range that is closest to equilibrium. In all cases, we have verified that alternative choices do not
change the qualitative results.

34For example, [73]. We checked whether restricting data to the last 10 rounds of each treatment would result in a
narrower range of estimates. We found no such effect: the range of estimated cutpoints is virtually identical.
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dispersion of cutpoints across the two voting rules, we find very similar dispersion across voting

rules and treatments, both for the minority and for the majority. The visual impression is confirmed

by the standard deviations of the corresponding distributions of cutpoints.

When we aggregate individual behavior into average cutpoints, regularities emerge. Under MP,

the average of the estimated individual cutpoints is remarkably close to the equilibrium cutpoint in

all parametrizations, with the single exception of the minority when 𝑚 = 2 and 𝐾 = 2. With the

same single exception, under CV, the average cutpoint is above the equilibrium cutpoint in both

parties and in all parametrizations, indicating more frequent participation in voting than theory

predicts. When𝑚 = 2 and 𝐾 = 2, the average minority cutpoint in the data is below the equilibrium

cutpoint for MP (suggesting less participation), and coincides with the equilibrium for CV.

A different way of visualizing estimated individual cutpoints conveys clearer lessons on the

impact of the voting rule. Figure 3.7 reports the CDF’s of the individual cutpoints, comparing

the CDF’s under MP (the lighter line) and under CV (the darker line), for both parties and all

parametrizations.

Figure 3.7: CDF’s of Cost Cutpoints. The darker lines correspond to CV; the lighter lines to MP.
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The minority’s higher propensity to vote under CV operates throughout the distribution of

individual cutpoints. The move to CV causes a shift rightward of the whole distribution: the

minority cutpoints distribution under CV FOSD’s the distribution under MP. Formal tests strongly

reject the hypothesis of equal distributions for the minority when 𝑚 = 2 and 𝐾 = 2 (a two-sample

KS test yields 𝑝 < 0.001), with weaker evidence when 𝑚 = 3 and 𝐾 = 4 (𝑝 = 0.05) and when

𝑚 = 2 and 𝐾 = 4 (𝑝 = 0.26).

As for the majority, with 𝑚 = 2, majority members barely modify their propensity to vote.

With 𝑚 = 3, the conclusion is similar when 𝐾 = 4; when 𝐾 = 2, however, we see a consistent

decline in voting under CV throughout the majority’s cutpoint distribution. When 𝑚 = 3, 𝐾 = 2,

as we discussed earlier, under CV the majority’s chances of winning both seats are very small

and that realization depresses turnout: the distribution of majority cutpoints under MP FOSD’s the

distribution under CV, and the corresponding one-sided KS test yields 𝑝 < 0.001.35

The analysis of individual behavior in the experiment thus delivers four main lessons. First,

we do not see more random behavior under CV than under MP, as captured by the frequency of

monotonicity violations. Such violations are few under both voting rules. Second, estimated indi-

vidual cutpoints are heterogeneous, with comparable dispersion across parametrizations, parties,

and voting rules. Third, but for a single exception (the minority, when 𝑚 = 2, and 𝐾 = 2), aver-

age cutpoints are close to the theoretical predictions for MP, but consistently higher than predicted

under CV, especially, but not exclusively, for the majority. Fourth, plotting CDF’s of cutpoints

highlights participants’ differential behavior under the two voting rules. The distribution of minor-

ity party subjects’ cutpoints shifts to the right (i.e., towards higher turnout) under CV, relative to

MP; it moves less, and when it does it is in the opposite direction, for majority party subjects.

3.6 Conclusions

Cumulative Voting (CV) is a voting system for multi-member districts that allows each voter

to cumulate votes freely on a single or a subset of candidates. It has been in use since the 19th

35The test cannot reject the hypothesis of equal distributions of majority cutpoints in the other cases.
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century in different countries, for example in the US, England, and Scotland, for the election of

both political bodies and corporate boards. Because it delivers semi-proportional outcomes without

imposing a proportional representation system, CV favors the representation of minorities while

remaining familiar and acceptable to majoritarian democratic systems. In the US, it is one of the

remedies imposed by the Courts to resolve violations of the Voting Rights Act. Adoption of CV

correlates empirically with higher minorities participation and success. However, because such

adoption typically follows litigation, and thus heightened engagement of minorities, it is important

to complement the historical experiences with experiments. This is the purpose of the present

study.

We use a traditional experimental design with costly voting to test predictions on turnout and

on the electoral success of the minority under two voting systems: Multiwinner Plurality (MP), or

bloc voting, where each voter can only cast one vote per candidate, and CV. Inspired by historical

episodes, we assume that the coordination problem posed by CV is solved by the party leaders.

The leaders choose the number of party candidates optimally, in an equilibrium in which votes

are spread evenly over all party candidates. Experimental subjects are voters who face a private,

individual cost of voting, and must decide whether or not to turn out.

Although we see more individual heterogeneity in behavior than expected, aggregate data under

MP are well predicted by the theoretical model. We find, however, that the model significantly

underpredicts turnout under CV for both parties, with a larger quantitative discrepancy for the

majority. Given the good performance of the model under MP, the finding is puzzling. Why the

underprediction under CV only? Without claiming to have an answer, one possible conjecture is

that experimental subjects correctly perceive CV as a more competitive system, giving the minority

a higher chance of winning seats. The enhanced competition then leads to higher participation, in

the same spirit as overbidding in auction experiments.36 We leave the conjecture open for future

work.

The higher turnout under CV does not invalidate the model’s predictions about the relative

36A variation of the “spite” argument invoked to explain overbidding in second price auctions ([93]), could then
justify the majority’s higher excess turnout.
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impact of the voting system on minority and majority voters. For the cases we bring to the lab, the

theory says that CV should be associated with an increase in the turnout of the minority, relative to

the majority, and with an increase in the share of seats won by the minority. Both predictions are

supported by our data in all the experimental parametrizations we study. In our experiment, CV

works as expected, to magnify the voice of the minority.

As we write, debates over voting rights rage in Congress, in state legislatures, in the courts, in

the media. Initiatives aimed at limiting access to the polls and partisan redistricting following the

2020 census increase fears of disenfranchisement. Encouraging minority turnout is a high priority.

Voting rules like CV have the potential to help. Although much remains to be studied, in the lab

we find that such potential is fulfilled.37

37This chapter was published in Volume 141 of Games and Economic Behavior, pp. 133-155, September 2023,
https://doi.org/10.1016/j.geb.2023.05.012.
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Appendix A: Appendix for Chapter 1

A.1 Image Concerns

Recall that all agents have a utility function of the following form: 𝑈𝑖 (𝑔𝑖, 𝑔−𝑖) = 𝜋𝑖 (𝑔𝑖, 𝑔−𝑖) +

(1 + 𝑏)𝑊 (𝑔𝑖) + 𝑏𝑝𝑅(𝑔𝑖). The following Proposition characterizes the Nash equilibrium contribu-

tion profile:

Proposition. The Nash equilibrium contribution profile of the one-shot game is given by (𝑔∗1, ..., 𝑔
∗
𝑁
),

where for 𝑖 ∈ {1, ..., 𝑁}:

𝑔∗𝑖 =



0 if 1 − 𝑚
𝑁
> 𝜕𝑊

𝜕𝑔𝑖
+ 𝑏 𝜕𝑊

𝜕𝑔𝑖
+ 𝑏𝑝 𝜕𝑅

𝜕𝑔𝑖
∀𝑔𝑖 ∈ [0, 𝑌 ]

𝑔𝑖 such that 1 − 𝑚
𝑁
= 𝜕𝑊

𝜕𝑔𝑖
+ 𝑏 𝜕𝑊

𝜕𝑔𝑖
+ 𝑏𝑝 𝜕𝑅

𝜕𝑔𝑖

𝑌 if 1 − 𝑚
𝑁
< 𝜕𝑊

𝜕𝑔𝑖
+ 𝑏 𝜕𝑊

𝜕𝑔𝑖
+ 𝑏𝑝 𝜕𝑅

𝜕𝑔𝑖
∀𝑔𝑖 ∈ [0, 𝑌 ]

(A.1)

Additionally, if all agents are symmetric, then 𝑔∗1 = ... = 𝑔∗
𝑁

.

Proof. The condition in the expression for 𝑔∗
𝑖

comes from the first-order condition of the agent’s

utility maximization problem. On the left-hand side is the marginal payoff from not contributing

a marginal unit to the public good: 1 − 𝑚
𝑁

. On the right-hand side is the image utility gain from

contributing a marginal unit to the public good: 𝜕𝑊
𝜕𝑔𝑖

+ 𝑏 𝜕𝑊
𝜕𝑔𝑖

+ 𝑏𝑝 𝜕𝑅
𝜕𝑔𝑖

. If interior, 𝑔∗
𝑖

equates the

two sides. Edge cases occur if one side is always larger than the other: if the marginal payoff

from not contributing always exceeds the image gain from contributing, then 𝑔∗
𝑖
= 0 is the utility-

maximizing contribution. A similar argument justifies when 𝑔∗
𝑖
= 𝑌 .
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A.2 Punishment outside the Game

The punishment game is played with 𝑁 players indexed by 𝑖 ∈ {1, ..., 𝑁}. The action space is

given by 𝐴 = {𝑃, 𝑋}𝑁 . Each player’s action profile is a 𝑁-dimensional vector 𝑎𝑖 = (𝑎𝑖1, 𝑎𝑖2, ..., 𝑎𝑖𝑁 ),

where 𝑎𝑖 𝑗 ∈ {𝑃, 𝑋} denotes whether player 𝑖 punishes (𝑃) or does not punish (𝑋) player 𝑗 . There

is a cost 𝑐 > 0 to punish another player, as well as a cost 𝐶 >> 𝑐 if punished by another player.

The payoff in the stage game is given by 𝜋𝑖 = −𝑐∑𝑁
𝑗=1 I(𝑎𝑖 𝑗 = 𝑃) − 𝐶

∑𝑁
𝑗=1 I(𝑎 𝑗𝑖 = 𝑃).1

The punishment game is repeated infinitely in discrete time, with discount factor 𝛿 ∈ (0, 1). I

assume there is perfect monitoring in the punishment game: at the end of each period, all players

observe each other’s action profiles. In other words, all players know who punishes who in each

period. The following Proposition characterizes the relationship between the level of anonymity in

a public goods game and the expected punishment from free riding in the subsequent punishment

game. The intuition is straightforward: when a deviator’s identity can be known, the other group

members are able to coordinate punishment on the deviator. When the deviator’s identity cannot

be known, the deviator escapes punishment with strictly positive probability. Hence, the expected

punishment from deviating is strictly lower.

Proposition. Let a finitely repeated public goods game be followed by an infinitely repeated

punishment game. There exists some discount factor 𝛿 ∈ (0, 1) that can sustain positive contribu-

tions in the public goods game (1) a deviation can be attributed with certainty to an identifier that

(2) allows the deviator to be identified outside the game, but cannot sustain positive contributions

otherwise. The reverse does not hold.

Proof. I begin by restricting focus to the scenario when it is common knowledge that there

exists a “target” for punishment.2 The proof then proceeds in two parts. First, I consider the case

when the target’s identity is also commonly known. For this case, I construct a subgame perfect
1The unique stage game Nash equilibrium is given by 𝑎𝑖 𝑗 = 𝑋 for all 𝑖, 𝑗 . Nobody punishes, and all players earn

payoff 𝜋 = 0. This is because punishment is costly to administer, and to incur.
2Given some strategy in the public goods game, players can deduce just from the aggregate contribution to the

public good, whether a group member deviated. In all experimental conditions, the aggregate contribution is made
known after every round.
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Nash equilibrium in which the target is punished indefinitely by all other group members. Second,

I consider the case where the target’s identity cannot be commonly known. I show that in any

equilibrium, the target escapes punishment with strictly positive probability.

I assume in the proof, without loss of generality, that the target is Player 1.

Part 1. Suppose that it is common knowledge among all players that Player 1 is the target:

Player 1’s actions were attributed with certainty to an identifier during the public goods game that

allowed their group members to identify them during the punishment game. Consider the following

set of strategies in which punishment is coordinated on the target:


𝑎1 = (𝑋, 𝑋, ..., 𝑋)

𝑎𝑖 = (𝑃, 𝑋, ..., 𝑋), ∀𝑖 ∈ {2, ..., 𝑁}

This set of strategies can be sustained as a subgame perfect Nash equilibrium in the infinitely

repeated game, so long as there is no profitable one-shot deviation.

It is straightforward to see that Player 1 (the target) has no profitable deviation from their

strategy.

Without loss of generality, consider whether Player 2 has a profitable deviation. Suppose that

Player 2 deviates from their strategy, and does not punish the target in a given period. In that

period, Player 2 has a payoff of 0 > −𝑐. But starting in the following period, all other players

𝑖 ∈ {1, 3, ..., 𝑁} can punish Player 2 forever for deviating; in effect, Player 2 would become the

new target. Therefore, Player 2 does not have a profitable deviation if: − 𝑐
1−𝛿 ≥ 0 − 𝛿

1−𝛿 (𝑁 − 1)𝐶.

Rearranging terms yields: 𝛿 ≥ 𝑐
(𝑁−1)𝐶 . Because 𝑐

(𝑁−1)𝐶 < 1, this set of strategies that coordinates

punishment on the target can be sustained as a subgame perfect Nash equilibrium in the infinitely

repeated game.

Note that when the target’s identity is common knowledge, the target receives payoff 𝜋1 =

−(𝑁 − 1)𝐶 each period.

Part 2. Suppose the target’s identity is not common knowledge. The only way in which the

players can guarantee that the target receives payoff −(𝑁 − 1)𝐶 per period is if everyone punishes
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everyone else: 𝑎𝑖 𝑗 = 𝑃, ∀𝑖 ≠ 𝑗 . However, this cannot be sustained in equilibrium: a player may

profitably deviate by not punishing, and they cannot be punished for the deviation since they are

already being punished by everyone else. Therefore, in any equilibrium of the game when the

target’s identity is not common knowledge, the target’s expected payoff is strictly greater (i.e., less

negative) than −(𝑁 − 1)𝐶.

Denote the expected punishment from free riding as −𝑃𝐾
𝐹𝑅

= −(𝑁 − 1)𝐶 when the devia-

tor’s identity is commonly known and as −𝑃𝑈𝐾
𝐹𝑅

when the deviator’s identity cannot be commonly

known. The expected punishment from free riding in the public goods game is strictly smaller

when there is sufficient anonymity to mask the deviator’s identity: −𝑃𝐾
𝐹𝑅

< −𝑃𝑈𝐾
𝐹𝑅

. Hence, the

minimum discount rate 𝛿 that can support positive contributions satisfies: 𝛿𝐾 < 𝛿𝑈𝐾 . Therefore,

there exists a 𝛿 that supports positive contributions when the deviator’s identity can be commonly

known that cannot support positive contributions when the deviator’s identity cannot be commonly

known.
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Appendix B: Appendix for Chapter 3

B.1 CV when voting is costless

Proposition 1. In the absence of voting costs, in all party-optimal equilibria of the CV voting

game: (i) for all 𝑚 < 𝑀/𝐾 , the minority never wins any seat; (ii) for all 𝑚 ≥ 𝑀/𝐾:

𝑧 =

⌊
𝐾𝑚 + 𝑚
𝑀 + 𝑚

⌋
if
𝐾𝑚 + 𝑚
𝑀 + 𝑚 ∉ Z

𝑧 =


𝐾𝑚+𝑚
𝑀+𝑚 − 1 with prob 𝑚/(𝑚 + 𝑀)

𝐾𝑚+𝑚
𝑀+𝑚 with prob 𝑀/(𝑚 + 𝑀)

if
𝐾𝑚 + 𝑚
𝑀 + 𝑚 ∈ Z

Proof. We establish the proposition by proceeding in three steps.

1. First, we note that the identity of purpose between party leaders and voters implies that in

all party-optimal equilibria we can think of the party leaders as controlling not only the number of

party candidates but also the distribution of votes cast by their party voters.

2. Second, we show that the proposition identifies the number of seats won by the minority

when both parties follow maximin strategies.

(i) Suppose first that 𝑚 < 𝑀/𝐾 . Then the M party can guarantee itself all 𝐾 seats by dividing

its votes equally over 𝐾 candidates, and the m party cannot win any seat.

(ii) Suppose then 𝑚 > 𝑀/𝐾 . For any 𝑥M, party m maximizes the probability of winning

𝑧 seats by dividing its votes equally over 𝑧 candidates, and guarantees itself 𝑧 seats if 𝑚𝐾/𝑧 >

𝑀𝐾/(𝐾 − 𝑧 + 1), or 𝑧 < (𝐾𝑚 +𝑚)/(𝑀 +𝑚). At the same time, party M maximizes the probability

of winning (𝐾 − 𝑧) seats by dividing its votes equally over 𝐾 − 𝑧 candidates, and guarantees itself

𝐾− 𝑧 seats if 𝑀𝐾/(𝐾− 𝑧) > 𝑚𝐾/(𝑧+1), or 𝑧 > (𝐾𝑚−𝑀)/(𝑀 +𝑚). We require 𝑧 to be an integer.
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Note that (𝐾𝑚 − 𝑀)/(𝑀 + 𝑚) = (𝐾𝑚 + 𝑚)/(𝑀 + 𝑚) − 1. Hence either both (𝐾𝑚 + 𝑚)/(𝑀 + 𝑚)

and (𝐾𝑚 − 𝑀)/(𝑀 + 𝑚) are integers, or neither one is an integer.

(ii.a) Suppose first that (𝐾𝑚 + 𝑚)/(𝑀 + 𝑚) is not an integer. Party m guarantees itself⌊
𝐾𝑚+𝑚
𝑀+𝑚

⌋
seats, and party M guarantees itself 𝐾 −

⌊
𝐾𝑚+𝑚
𝑀+𝑚

⌋
seats.

(ii.b and iii) Finally, suppose that either 𝑚 > 𝑀/𝐾 and (𝐾𝑚 + 𝑚)/(𝑀 + 𝑚) is an integer,

or 𝑚 = 𝑀/𝐾 (and thus (𝐾𝑚 + 𝑚)/(𝑀 + 𝑚) = 1). Then the m party can guarantee itself (𝐾𝑚 +

𝑚)/(𝑀+𝑚)−1 ≡ 𝑧 seats, but can do better by spreading votes equally over (𝐾𝑚+𝑚)/(𝑀+𝑚) ≡ 𝑧

candidates. Similarly, the M party can guarantee itself 𝐾 − 𝑧 seats, but can do better by spreading

votes equally over 𝐾 − 𝑧 + 1 = 𝐾 − 𝑧 candidates. In equilibrium then, party m (M) spreads its votes

equally over 𝑧 (𝐾 − 𝑧) candidates; a total of 𝐾 + 1 candidates receive votes, and all are tied with

[𝐾/(𝐾 + 1)] (𝑀 + 𝑚) votes each. The tie-break rule selects 𝐾 winners randomly from the 𝐾 + 1

candidates. It then follows that:

𝑝𝑟𝑜𝑏(𝑧 = 𝑧) =

(
𝐾 − 𝑧
𝐾 − 𝑧

)
(
𝐾 + 1
𝐾

) = 1 − 𝑧

𝐾 + 1
=

𝑀

𝑚 + 𝑀

𝑝𝑟𝑜𝑏(𝑧 = 𝑧) = 1 − 𝑝𝑟𝑜𝑏(𝑧 = 𝑧) = 𝑚

𝑚 + 𝑀

3. Because 𝑢(𝑘) is linear in 𝑘 , the game is constant-sum. It follows that party-optimal equilibria

are equilibria of a constant sum, two-player game. Hence, if equilibria exist, they must all yield

maximin payoffs. It is not difficult to verify that the strategies described above are equilibria:

neither party has a profitable deviation. Thus equilibria exist and all yield 𝑧 minority victories. □

We complement the proof with two observations. First, as noted in the text, for given 𝐾 , 𝑚,

and 𝑀 , in general multiple party-optimal equilibria exist, with different numbers of candidates

and/or distributions of votes. For example, suppose 𝐾 = 4, 𝑚 = 3, 𝑀 = 6, and describe an

equilibrium by a vector {𝑔, 𝐺, {𝑥𝑘m}, {𝑥𝑘M}}. Then {1, 3, {12}, {8, 8, 8}} is an equilibrium. But so

are {1, 4, {12}, {6, 6, 6, 6}}; {1, 3, {12}, {10, 7, 7}}; {1, 3, {12}, {9, 8, 7}}; {2, 3, {8, 4}, {8, 8, 8}};

{2, 3, {8, 4}, {10, 7, 7}}; {1, 3, {8, 4}, {9, 8, 7}}, and there are many others. In all party-optimal
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equilibria, however, as the proposition states, 𝑧 = 1 in this example.1

Second, to clarify the logic of the CV game, it is useful to differentiate it from a Colonel Blotto

game, adapted to the parameters used here. In the Blotto game, two players, with 𝐾𝑚 and 𝐾𝑀

tokens respectively, simultaneously distribute them over 𝐾 boxes; each player earns one point for

each box in which the player’s tokens are more numerous than the opponent’s. In the CV game,

each of the two players, again endowed with 𝐾𝑚 and 𝐾𝑀 tokens respectively, has a separate set

of 𝐾 boxes over which to distribute the tokens; the 𝐾 boxes with most tokens are chosen, out of

the total 2𝐾 boxes, and each player earns 1 point for each box chosen out of the player’s own

set of 𝐾 . The two games are different. For example, in the Blotto game, the equilibrium typically

requires mixed strategies, and the player with fewer tokens cannot be guaranteed any points; neither

statement applies to the CV game.

B.2 Costly voting

B.2.1 Multi-winner plurality (MP). Pivot probabilities and probabilities of winning seats

We report here the binomial formulas for the pivot probabilities. Under MP, such formulas are

well-known (see for example [73]).

𝜋𝑇−1
m =

𝑚−1∑︁
𝑥=0

(
𝑚 − 1
𝑥

) (
𝑀

𝑥 + 1

)
𝐹 (𝑐m)𝑥 [1 − 𝐹 (𝑐m)]𝑚−1−𝑥𝐹 (𝑐M)𝑥+1 [1 − 𝐹 (𝑐M)]𝑀−(𝑥+1)

𝜋𝑇m =

𝑚−1∑︁
𝑥=0

(
𝑚 − 1
𝑥

) (
𝑀

𝑥

)
𝐹 (𝑐m)𝑥 [1 − 𝐹 (𝑐m)]𝑚−1−𝑥𝐹 (𝑐M)𝑥 [1 − 𝐹 (𝑐M)]𝑀−𝑥

1Other equilibria exist that are not party-optimal, where the lack of coordination by the voters of one of the parties
prevents it from winning all the seats it could win. In the example above, {2, 3, {6, 6}, {12, 12, 0}} is an equilibrium:
majority voters fail to coordinate and because each only holds 4 votes, no profitable individual deviation exists. Each
party wins two seats.
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and:

𝜋𝑇−1
M =

𝑚∑︁
𝑥=1

(
𝑚

𝑥

) (
𝑀 − 1
𝑥 − 1

)
𝐹 (𝑐m)𝑥 [1 − 𝐹 (𝑐m)]𝑚−𝑥𝐹 (𝑐M)𝑥−1 [1 − 𝐹 (𝑐M)]𝑀−1−(𝑥−1)

𝜋𝑇M =

𝑚∑︁
𝑥=0

(
𝑚

𝑥

) (
𝑀 − 1
𝑥

)
𝐹 (𝑐m)𝑥 [1 − 𝐹 (𝑐m)]𝑚−𝑥𝐹 (𝑐M)𝑥 [1 − 𝐹 (𝑐M)]𝑀−1−𝑥

The frequency of minority victories is sensitive to the relative turnout rates of the two par-

ties, captured by the two thresholds 𝑐m and 𝑐M. Although the study of costly voting models has

identified an “underdog effect”—the tendency for the minority’s turnout rate to be higher than the

majority’s, or 𝑐m > 𝑐M—the existence of such an effect is sensitive to the exact specification of

the model. It has been proven in a number of scenarios: when the voting cost is fixed and equal

for all ([94]); when voters’ direction of preferences is randomly drawn ([95]; [96]); when the size

of the electorate is uncertain ([79]; [97]). The specification used here differs from these models,

and relative turnout under MP depends on 𝑉 , the value of winning all seats. Because the model is

widely used but this observation is missing from the literature, we make it explicit in the following

remark.

Remark. For any finite 𝑀 ≥ 𝑚, and 𝐹 continuous and atomless over support [𝑐, 𝑐],with 𝑐 ≥ 0,

there exists a finite 𝑉 (𝑀,𝑚) such that if 𝑉 = 𝑉 , then there exists an equilibrium with 𝑐m = 𝑐M.

Proof. Call 𝑐̂ the median of 𝐹 (𝑐). Straightforward manipulations of the pivot probabilities

show that if 𝑐m = 𝑐M = 𝑐̂, and thus 𝐹 (𝑐m) = 1 − 𝐹 (𝑐M) = 1/2, then (𝜋𝑇m + 𝜋𝑇−1
m ) = (𝜋𝑇M +

𝜋𝑇−1
M ) = (1/2)𝑀+𝑚−1

(
𝑀 + 𝑚
𝑚

)
. Hence for any 𝑀 and 𝑚, 𝑐m = 𝑐M = 𝑐̂ is an equilibrium as long as

𝑐̂ = (𝑉/2) (1/2)𝑀+𝑚−1
(
𝑀 + 𝑚
𝑚

)
, or 𝑉 = 𝑐̂

(
2(𝑀+𝑚)/

(
𝑀 + 𝑚
𝑚

))
= 𝑉 . □

The derivation of the probabilities of winning different numbers of seats is straightforward.

Consider the problem from the perspective of a minority voter. Begin with the probability of

losing all positions, Pr(𝑊m = 0). Such probability equals the probability that either all minority

candidates receive strictly fewer votes than the majority candidates, or that all candidates are tied

but minority candidates lose all tie-breaks. Or, Pr(𝑊m = 0) = Pr(𝑆m < 𝑆M) + Pr[(𝑆m = 𝑆M) ∩
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(m loses all tie-breaks)]. That is:

Pr(𝑊m = 0) =

=

𝑀∑︁
𝑆M=1

(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M

𝑆M−1∑︁
𝑆m=0

(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m+

+
𝑀∑︁

𝑆M=0

(
𝑀

𝑆M

) (
𝑚

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M×

× 𝐹 (𝑐m)𝑆M [1 − 𝐹 (𝑐m)]𝑚−𝑆M

(
1/

(
2𝐾
𝐾

))
Similarly, the probability that m wins all positions, Pr(𝑊m = 𝐾) equals the probability that

either all minority candidates receive strictly more votes than the majority candidates, or that all

candidates are tied but minority candidates win all tie-breaks. Or, Pr(𝑊m = 𝐾) = Pr(𝑆m >

𝑆M) + Pr[(𝑆m = 𝑆M) ∩ (m wins all tie-breaks)]. That is:

Pr(𝑊m = 𝐾) =

=

𝑚−1∑︁
𝑆M=0

(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M

𝑚∑︁
𝑆m=𝑆M+1

(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m+

+
𝑀∑︁

𝑆M=0

(
𝑀

𝑆M

) (
𝑚

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M×

× 𝐹 (𝑐m)𝑆M [1 − 𝐹 (𝑐m)]𝑚−𝑆M

(
1/

(
2𝐾
𝐾

))
The probabilities of other numbers of minority victories can be derived in the same fashion.

The probability of electing 𝑤 minority candidates, with 𝑤 ∈ (0, 𝐾) equals the probability that all
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candidates are tied and m wins 𝑤 tie-breaks. Thus:

Pr(𝑊m = 𝑤) =

=

𝑀∑︁
𝑆M=0

(
𝑚

𝑆M

)
𝐹 (𝑐m)𝑆M [1 − 𝐹 (𝑐m)]𝑚−𝑆M×

×
(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M

(
𝐾

𝑤

) (
𝐾

𝐾 − 𝑤

)
/
(
2𝐾
𝐾

)
For given 𝑀 , 𝑚, 𝐾 , 𝐹 (𝑐), and {𝑢(𝑘)}, for 𝑘 ∈ {0, 1, .., 𝐾}, the equilibrium yields expected

turnout rates for voters of the two parties, the probabilities of winning 0, 1, .., 𝐾 positions for each

party, and ex ante expected utility for an M and an m voter.2

B.2.2 Cumulative Voting (CV). Pivot probabilities and probabilities of winning seats

Consider first the perspective of a majority voter. The pivot probabilities correspond to the

probabilities of the three events described in the text: breaking a tie (if (𝐾/𝐺)𝑆M−i = (𝐾/𝑔)𝑆m),

making a tie (if (𝐾/𝐺) (𝑆M−i + 1) = (𝐾/𝑔)𝑆m), or moving the outcome from a loss to a win on

all contested positions (if 𝑆M−i ∈ (𝑆m(𝐺/𝑔) − 1, 𝑆m(𝐺/𝑔))). Note that since 𝑆M−𝑖 and 𝑆m are

non-negative integers, the first event is only possible if either 𝐺/𝑔 is an integer, or 𝑆M−𝑖 = 𝑆m = 0;

the second event is only possible if 𝐺/𝑔 is an integer, and the third event is only possible if 𝐺/𝑔 is

not an integer.

The equations corresponding to the pivot probabilities are logically straightforward:

𝜋̃𝑇M = 𝐼𝑄 [(𝐺/𝑔)𝑆m]
𝑚∑︁

𝑆m=0

{(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m(

𝑀 − 1
(𝐺/𝑔)𝑆m

)
𝐹 (𝑐M) (𝐺/𝑔)𝑆m [1 − 𝐹 (𝑐M)]𝑀−1−(𝐺/𝑔)𝑆m

}
2Note in particular that if 𝑢(𝐾) − 𝐸𝑢𝑀𝑃

𝑇
= 𝐸𝑢𝑀𝑃

𝑇
− 𝑢(0), or 𝐸𝑢𝑀𝑃

𝑇
= [𝑢(𝐾) − 𝑢(0)]/2, the equilibrium thresholds

{𝑐m, 𝑐M} are identical to the thresholds that solve the corresponding costly voting problem with a single winner.
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𝜋̃𝑇−1
M = 𝐼𝑄 [(𝐺/𝑔)𝑆m]

𝑚∑︁
𝑆m=1

{(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m(

𝑀 − 1
(𝐺/𝑔)𝑆m − 1

)
𝐹 (𝑐M) (𝐺/𝑔)𝑆m−1 [1 − 𝐹 (𝑐M)]𝑀−1−[(𝐺/𝑔)𝑆m−1]

}
and

𝜋̃𝑊M =
(
1 − 𝐼𝑄 [(𝐺/𝑔)𝑆m]

) 𝑚∑︁
𝑆m=0

{(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m(

𝑀 − 1
⌊(𝐺/𝑔)𝑆m⌋

)
𝐹 (𝑐M) ⌊(𝐺/𝑔)𝑆m⌋ [1 − 𝐹 (𝑐M)]𝑀−1−⌊(𝐺/𝑔)𝑆m⌋

}
where 𝐼𝑄 [(𝐺/𝑔)𝑆m] = 1 if (𝐺/𝑔)𝑆m is an integer, and 0 otherwise, and ⌊𝑥⌋ is the floor function,

denoting the greatest integer smaller or equal to 𝑥.3

The problem is analogous for a minority voter. The relevant equations are:

𝜋̃𝑇m = 𝐼𝑄 [(𝑔/𝐺)𝑆M]
{

𝑀∑︁
𝑆M=0

(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M(

𝑚 − 1
(𝑔/𝐺)𝑆M

)
𝐹 (𝑐m) (𝑔/𝐺)𝑆M [1 − 𝐹 (𝑐m)]𝑚−1−(𝑔/𝐺)𝑆M

}

𝜋̃𝑇−1
m = 𝐼𝑄 [(𝑔/𝐺)𝑆M]

𝑀∑︁
𝑆M=1

{(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M(

𝑚 − 1
(𝑔/𝐺)𝑆M − 1

)
𝐹 (𝑐m) (𝑔/𝐺)𝑆M−1 [1 − 𝐹 (𝑐m)]𝑚−1−[(𝑔/𝐺)𝑆M−1]

}

𝜋̃𝑊m =
(
1 − 𝐼𝑄 [(𝑔/𝐺)𝑆M]

) 𝑀∑︁
𝑆M=0

{(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M(

𝑚 − 1
⌊(𝑔/𝐺)𝑆M⌋

)
𝐹 (𝑐m) ⌊(𝑔/𝐺)𝑆M⌋ [1 − 𝐹 (𝑐m)]𝑚−1−⌊(𝑔/𝐺)𝑆M⌋

}
The probabilities of the minority winning different numbers of positions can be derived as

3Recall that
(𝑟
𝑦

)
= 0 if 𝑦 > 𝑟.
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under MP, but taking into account that the number of candidates, in each party, now may differ from

the number of seats. The probability of the minority losing all seats must be 0 if 𝐺 < 𝐾; if instead

𝐺 ≥ 𝐾 , then as before it equals the probability that either all minority candidates receive strictly

lower votes than the majority candidates, or that all candidates are tied but minority candidates

lose all tie-breaks. That is:

Pr(𝑊m = 0|𝐺 ≥ 𝐾) =

=

𝑀∑︁
𝑆M=1

(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M

𝑋 (𝑆M)∑︁
𝑆m=0

(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m+

+
𝑀∑︁

𝑆M=0

(
𝑀

𝑆M

) (
𝑚

(𝑔/𝐺)𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M×

× 𝐹 (𝑐m) (𝑔/𝐺)𝑆M [1 − 𝐹 (𝑐m)]𝑚−(𝑔/𝐺)𝑆M 𝐼𝑄 [(𝑔/𝐺)𝑆M]
(
𝐺

𝐾

)
/
(
𝐺 + 𝑔
𝐾

)
where:

𝑋 (𝑆M) =


(𝑔/𝐺)𝑆M − 1 if (𝑔/𝐺)𝑆M is an integer

⌊(𝑔/𝐺)𝑆M⌋ otherwise

The probability of electing some but not all minority candidates can be derived analogously. For

any 𝑤 ∈ (0, 𝑔), the probability of electing 𝑤 minority candidates is 0 if 𝐾 − 𝐺 > 𝑤; it equals

the probability that all candidates are tied and 𝑚 wins 𝑤 tie-breaks if 𝐾 − 𝐺 < 𝑤, and equals the

probability either that all are tied and m loses all tie-breaks or that all m candidates receive fewer
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votes if 𝐾 − 𝐺 = 𝑤. Thus:

Pr(𝑊m = 𝑤 |𝐾 − 𝐺 ≤ 𝑤) =

=

𝑀∑︁
𝑆M=0

(
𝑚

(𝑔/𝐺)𝑆M

)
𝐹 (𝑐m) (𝑔/𝐺)𝑆M [1 − 𝐹 (𝑐m)]𝑚−(𝑔/𝐺)𝑆M×

×
(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M 𝐼𝑄 [(𝑔/𝐺)𝑆M]

(
𝑔

𝑤

) (
𝐺

𝐾 − 𝑤

)
/
(
𝐺 + 𝑔
𝐾

)
+

+ 𝐼𝐾−𝐺=𝑤
𝑀∑︁

𝑆M=1

(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M×(

𝑋 (𝑆M)∑︁
𝑆m=0

(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m

)

where 𝐼𝑄 [(𝑔/𝐺)𝑆M] and 𝑋 (𝑆M) are defined as above, and 𝐼𝐾−𝐺=𝑤 is an indicator function taking

value 1 if 𝐾 − 𝐺 = 𝑤 and 0 otherwise.

Finally, the probability of electing exactly 𝑔 minority candidates equals 1 if 𝐾 − 𝐺 ≥ 𝑔; it

equals the probability that either all minority candidates receive more votes or that all candidates

are tied and the 𝑔 minority candidates win all tie-breaks. That is:

Pr(𝑊m = 𝑔 |𝐾 − 𝐺 < 𝑔) =

=

𝑀∑︁
𝑆M=0

(
𝑚

(𝑔/𝐺)𝑆M

)
𝐹 (𝑐m) (𝑔/𝐺)𝑆M [1 − 𝐹 (𝑐m)]𝑚−(𝑔/𝐺)𝑆M×

×
(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M 𝐼𝑄 [(𝑔/𝐺)𝑆M]

(
𝐺

𝐾 − 𝑔

)
/
(
𝐺 + 𝑔
𝐾

)
+

𝑚∑︁
𝑆m=1

(
𝑚

𝑆m

)
𝐹 (𝑐m)𝑆m [1 − 𝐹 (𝑐m)]𝑚−𝑆m×(

𝑌 (𝑆m)∑︁
𝑆M=0

(
𝑀

𝑆M

)
𝐹 (𝑐M)𝑆M [1 − 𝐹 (𝑐M)]𝑀−𝑆M

)

where:

𝑌 (𝑆m) =


(𝐺/𝑔)𝑆m − 1 if (𝐺/𝑔)𝑆m is an integer

⌊(𝐺/𝑔)𝑆m⌋ otherwise
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B.3 Additional Experimental Results

B.3.1 Individual turnout decisions

We tested the robustness of our results by estimating the regression in Table 3.4 while varying

the exact specification or procedure. We report the results below.

Between-subjects design: first treatments only

Although we ran the experiment with a within-subjects design—i.e., with each subject playing

multiple treatments—varying the order of treatments across sessions allows us to check the robust-

ness of the results to a between-subjects design—i.e., if each subject only played one treatment.

We can study the data from the first treatment played in each session. Table B.1 reproduces the

regression in Table 3.4 in the text, restricting attention to such data. Some estimates lose precision,

but the results are fully consistent with those obtained with the full set of data. In particular, the

parameter of the interaction term remains positive in all treatments and statistically significant if

𝐾 = 2.

Probit model

The turnout regression reported in Table B.1 in the text estimates a linear probability model.

Alternatively, we can estimate a probit model, and the comparison of the results constitutes a

second robustness check. As Table B.2 shows, here too the parameter of the interaction term

remains positive in all treatments and statistically significant if 𝐾 = 2. 4

Separating the effect of treatment order on CV

The regression reported in Table B.3 adds as an explanatory variable the interaction term

CV×CVfirst, allowing the effect of treatment order to affect CV and MP differently. As the ta-

ble shows, we find no effect.
4The numbers reported in the table are raw coefficients from the probit regression.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Minority -0.437∗∗∗ -0.072 -0.132∗ -0.119
(0.074) (0.099) (0.071) (0.088)

CV -0.062 0.077 -0.153∗∗ -0.141
(0.087) (0.083) (0.073) (0.091)

CV × Minority 0.347∗∗ 0.048 0.235∗∗ 0.158
(0.141) (0.131) (0.108) (0.125)

Voting Cost -0.007∗∗∗ -0.009∗∗∗ -0.009∗∗∗ -0.007∗∗∗

(0.001) (0.001) (0.001) (0.001)

Round -0.006 -0.004 -0.004 -0.001
(0.004) (0.004) (0.003) (0.004)

Constant 1.116∗∗∗ 1.086∗∗∗ 1.204∗∗∗ 1.149∗∗∗

(0.055) (0.073) (0.052) (0.060)
Observations 720 720 840 840
𝑅2 0.304 0.289 0.312 0.192
Standard errors in parentheses. 48 clusters in columns 1,2; 56 in columns 3,4.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.1: Individual turnout decisions. Data restricted to treatments run first in each session.
Standard errors are clustered at the individual level.

Clustering

Our data consist of multiple observations for each subject. To allow for possible correlation

among the subject’s decisions, the standard errors reported in Table 3.4 in the text are clustered at

the individual level. As mentioned in footnote 29, different levels of clustering can be defended.

Because turnout is a strategic decision that depends on the other voters’ expected turnout, standard

errors could be clustered at the group level (i.e., at the level of each group of size 𝑁 = 𝑚 + 𝑀

disputing the same 𝐾 seats). Results are reported in Table B.4.

Clustering at the group level strengthens our results by reducing standard errors, relative to

Table 3.4 in the text, thus suggesting higher precision in the estimates of the parameters. This

applies particularly to the parameters of the interaction term, capturing the difference-in-difference

effect of CV on relative turnout. These results however should be evaluated with some caution.

In our experimental design groups are rematched randomly after every round. The implication is

that, from a substantive point of view, it is de facto impossible to form precise beliefs about other
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Turnout
Minority -0.724∗∗∗ -0.146 -0.538∗∗∗ -0.722∗∗∗

(0.172) (0.168) (0.160) (0.183)

CV 0.027 0.099 -0.466∗∗∗ -0.089
(0.117) (0.118) (0.137) (0.117)

CV × Minority 0.707∗∗∗ 0.401 0.799∗∗∗ 0.316
(0.255) (0.246) (0.243) (0.216)

Voting Cost -0.023∗∗∗ -0.024∗∗∗ -0.029∗∗∗ -0.027∗∗∗

(0.002) (0.002) (0.002) (0.002)

CVfirst -0.182 -0.088 0.095 -0.022
(0.153) (0.156) (0.140) (0.147)

Round -0.026∗∗∗ -0.009 -0.028∗∗∗ -0.020∗∗∗

(0.007) (0.006) (0.006) (0.007)

Constant 1.857∗∗∗ 1.741∗∗∗ 2.412∗∗∗ 2.424∗∗∗

(0.158) (0.193) (0.151) (0.176)
Observations 2880 2880 3360 3360
𝑝𝑠𝑒𝑢𝑑𝑜 − 𝑅2 0.196 0.193 0.256 0.242
Standard errors in parentheses
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.2: Individual turnout decisions. Estimated probit model.

group members’ choices, while, from a statistical point of view, the same group rarely repeats.

When clustering at the group level, the number of clusters approaches 400 in all parametrizations.

Clustering at the individual level, as in Table 3.4, is more conservative.

At the other extreme, it is possible to argue for clustering at the session level, allowing for

correlation among the choices of all subjects sharing the same session. Table B.5 reports the

results.

The main effect is on the standard error of the parameter of the interaction term, increasing

it for 𝑚 = 2 treatments, and decreasing it if 𝑚 = 3, thus suggesting positive correlation among

errors in 𝑚 = 2 sessions, but negative correlation in 𝑚 = 3 sessions. Although possible, the

divergence is not easy to rationalize. In committee voting experiments, the choice of a single

voter can strongly affect the result, contrary, for example, to market experiments. As a result,

individual experiences can differ strongly among participants to the same experimental session.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Minority -0.229∗∗∗ -0.042 -0.144∗∗∗ -0.202∗∗∗

(0.052) (0.052) (0.045) (0.051)

CV 0.042 0.046 -0.096∗∗ 0.009
(0.049) (0.043) (0.046) (0.039)

CV × Minority 0.227∗∗∗ 0.118 0.218∗∗∗ 0.091
(0.078) (0.072) (0.069) (0.061)

Voting Cost -0.007∗∗∗ -0.008∗∗∗ -0.009∗∗∗ -0.008∗∗∗

(0.001) (0.001) (0.000) (0.001)

CVfirst -0.023 -0.012 0.063 0.029
(0.051) (0.053) (0.045) (0.050)

CV × CVfirst -0.067 -0.034 -0.069 -0.071
(0.053) (0.049) (0.049) (0.045)

Round -0.007∗∗∗ -0.003 -0.007∗∗∗ -0.005∗∗

(0.002) (0.002) (0.002) (0.002)

Constant 1.075∗∗∗ 1.038∗∗∗ 1.180∗∗∗ 1.167∗∗∗

(0.041) (0.051) (0.035) (0.042)
Observations 2880 2880 3360 3360
𝑅2 0.240 0.228 0.297 0.270
Standard errors in parentheses. 96 clusters in columns 1 and 2, 112 in columns 3 and 4.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.3: Individual turnout decisions. The CV×CVfirst term is added to the regression specifi-
cation. Standard errors are clustered at the individual level.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Minority -0.229∗∗∗ -0.042∗ -0.144∗∗∗ -0.202∗∗∗

(0.026) (0.025) (0.021) (0.020)

CV 0.008 0.029 -0.130∗∗∗ -0.027
(0.021) (0.018) (0.019) (0.018)

CV × Minority 0.227∗∗∗ 0.118∗∗∗ 0.218∗∗∗ 0.091∗∗∗

(0.040) (0.035) (0.029) (0.028)

Voting Cost -0.007∗∗∗ -0.008∗∗∗ -0.009∗∗∗ -0.008∗∗∗

(0.000) (0.000) (0.000) (0.000)

CVfirst -0.057∗∗∗ -0.029∗ 0.029∗ -0.006
(0.017) (0.015) (0.015) (0.015)

Round -0.008∗∗∗ -0.003∗ -0.008∗∗∗ -0.005∗∗∗

(0.002) (0.002) (0.002) (0.002)

Constant 1.095∗∗∗ 1.048∗∗∗ 1.201∗∗∗ 1.189∗∗∗

(0.023) (0.023) (0.020) (0.019)
Observations 2880 2880 3360 3360
𝑅2 0.239 0.228 0.296 0.268
Standard errors in parentheses. 387 clusters in column 1, 414 in column 2, 448 in columns 3 and 4.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.4: Individual turnout decisions. Standard errors are clustered at the group level.

For this reason, and because results across different estimation methods are more consistent under

individual level clustering than under session-level clustering, the turnout regression reported in

the text clusters standard errors at the individual level.

Random effects

The estimation of individual cost cutpoints in Section 3.5.3 shows large dispersion, suggesting

that controlling for individual fixed effects could be desirable. However, in our experimental de-

sign, individuals’ assignment to either the minority or the majority party is random and changes

across treatments.5 Thus not all subjects experience both roles, and controlling for individual fixed

effects would effectively drop from the estimation of the parameters of interest those subjects who

happen to be assigned to the same party under both MP and CV. A better procedure then is to

exploit the panel nature of the data set by using a random effects model, where unobserved het-

5Individuals maintain their identity as either minority or majority member throughout a treatment.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Minority -0.229∗∗ -0.042 -0.144∗∗ -0.202∗∗

(0.066) (0.044) (0.060) (0.059)

CV 0.008 0.029 -0.130∗∗∗ -0.027
(0.037) (0.030) (0.031) (0.028)

CV × Minority 0.227 0.118 0.218∗∗ 0.091∗

(0.151) (0.098) (0.065) (0.041)

Voting Cost -0.007∗∗∗ -0.008∗∗∗ -0.009∗∗∗ -0.008∗∗∗

(0.001) (0.001) (0.001) (0.001)

CVfirst -0.057 -0.029 0.029 -0.006
(0.061) (0.028) (0.051) (0.061)

Round -0.008∗∗ -0.003 -0.008∗∗∗ -0.005
(0.003) (0.003) (0.002) (0.003)

Constant 1.095∗∗∗ 1.048∗∗∗ 1.201∗∗∗ 1.189∗∗∗

(0.044) (0.049) (0.047) (0.051)
Observations 2880 2880 3360 3360
𝑅2 0.239 0.228 0.296 0.268
Standard errors in parentheses. 8 clusters in all columns.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.5: Individual turnout decisions. Standard errors are clustered at the session level.

erogeneity is estimated, as opposed to being imputed by assumption to each individual. Table B.6

reports the results of estimating our turnout regression via a probit model with random effects.

Once again all signs remain unchanged, but in two cases the modelling procedure affects the

statistical significance of the parameter of the interaction term, increasing it if 𝑚 = 2, 𝐾 = 4,

decreasing it if 𝑚 = 3, 𝐾 = 2. 6

B.3.2 Minority victories

Between-subjects design: first treatments only

Table B.7 replicates the regression in Table 3.5 using only data from treatments run first in a

session. The positive impact of CV on the share of seats won by the minority is confirmed in all

parametrizations.

6The numbers reported in the table are raw coefficients from the probit regression.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

Turnout
Minority -0.886∗∗∗ -0.219 -0.519∗∗ -0.831∗∗∗

(0.258) (0.220) (0.224) (0.225)

CV 0.159 -0.011 -0.361∗ 0.018
(0.147) (0.149) (0.187) (0.160)

CV × Minority 0.675∗∗ 0.931∗∗∗ 0.394 0.296
(0.281) (0.280) (0.353) (0.313)

Voting Cost -0.033∗∗∗ -0.034∗∗∗ -0.040∗∗∗ -0.039∗∗∗

(0.003) (0.003) (0.003) (0.003)

CVfirst -0.283 -0.143 0.140 -0.002
(0.244) (0.245) (0.218) (0.234)

Round -0.040∗∗∗ -0.012 -0.037∗∗∗ -0.041∗∗∗

(0.009) (0.009) (0.008) (0.009)

Constant 2.702∗∗∗ 2.522∗∗∗ 3.246∗∗∗ 3.502∗∗∗

(0.255) (0.278) (0.226) (0.259)
ln(𝜎2) 0.253 0.256 0.175 0.317

(0.231) (0.215) (0.214) (0.207)
Observations 2880 2880 3360 3360

Standard errors in parentheses
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.6: Individual turnout decisions. Estimated probit model with random effects.

(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

CV 0.190∗∗∗ 0.163∗∗∗ 0.218∗∗∗ 0.307∗∗∗

(0.037) (0.044) (0.054) (0.050)

Round -0.005 0.003 -0.002 -0.005
(0.006) (0.003) (0.005) (0.006)

Constant 0.088 0.139∗∗∗ 0.200∗∗∗ 0.196∗∗∗

(0.064) (0.052) (0.069) (0.069)
Observations 411 413 467 466
𝑅2 0.083 0.120 0.097 0.168
Standard errors in parentheses
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.7: Share of seats won by the minority. Data restricted to treatments run first in each
session.
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(1) (2) (3) (4)
m2K2 m2K4 m3K2 m3K4

CV 0.241∗∗ 0.202∗∗∗ 0.230∗∗∗ 0.224∗∗∗

(0.088) (0.057) (0.057) (0.020)

CVfirst 0.045 -0.003 0.069 0.059
(0.049) (0.061) (0.082) (0.070)

CV × CVfirst -0.164 -0.005 -0.068 -0.011
(0.136) (0.072) (0.088) (0.054)

Round -0.001 -0.000 -0.002 0.001
(0.003) (0.002) (0.002) (0.002)

Constant 0.094∗ 0.161∗∗∗ 0.188∗∗ 0.098∗

(0.048) (0.043) (0.056) (0.051)
Observations 1649 1641 1870 1861
𝑅2 0.094 0.165 0.082 0.131
Standard errors in parentheses. 8 clusters in all columns.
∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01

Table B.8: Share of seats won by the minority. Standard errors are clustered at the session level.

Clustering

Table B.8 replicates the regression in Table 3.5, with standard errors clustered at the session

level.

B.3.3 Individual tournout decisions: monotonicity violations

As reported in the text, we calculated for each participant the number of monotonicity viola-

tions: the minimum number of decisions that need to be modified for that participant’s turnout to

be fully monotonic in the voting cost realization. Because each participant plays 15 rounds of each

treatment, the maximum possible number of violations to monotonicity is 7. Figure B.1 reports the

CDF’s of the number of violations for each parametrization, for both CV (the darker line) and MP

(the lighter line). As comparison, we also report in the dashed line the CDF obtained from 10,000

simulations where the turnout decision is random and independent of the realized voting cost.

Under either voting rule, the CDF of monotonicity violations is strongly to the left of the CDF

corresponding to random behavior. As stated in the text and most important for our purposes, the

CDF’s for MP and CV are very close and show no dominance relation. Kolmogoroff-Smirnov
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Figure B.1: CDF’s of monotonicity violations. The darker line corresponds to CV; the lighter line
to MP, and the dashed line to a simulation with random behavior.

(K-S) two-sample tests, corrected for discreteness, cannot reject the hypothesis of a common pop-

ulation for MP and CV, with p-values equal to 0.65 (𝑚2𝐾2), 0.33 (𝑚2𝐾4), 0.94 (𝑚3𝐾2), 0.58

(𝑚3𝐾4). The figure reports monotonicity violations aggregating over the two parties. The conclu-

sion is unchanged if the data are organized by party.
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Appendix C: Experimental Instructions for Chapter 1

C.1 Experimental Instructions for the NumberPartial Treatment
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Thank you for participating in this experiment.

Please read and sign the consent form in front of 
you. Raise your hand if you have any questions.

In this experiment, you will make decisions in groups.

You will earn points throughout the course of the 
experiment. 
How many points you earn depends both on your 
decisions and your group members' decisions.
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For being here, you are guaranteed to earn at least $5.

Your exact monetary earnings will depend on how 
many points you earn during the experiment.

At the start of this experiment, you will be randomly assigned 
to a group of 4 people (including yourself).

You will stay in this group for the entire experiment.
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At the start of each round, you will be endowed with 20 
points.

In each round, you must decide how many of these 20 points 
to Contribute to a group account. Any points you don't 
Contribute, you Keep for yourself.
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All contributions to the group account are doubled. 

For example: if you Contribute 1 point, it becomes 2 points in 
the group account.

At the end of each round, the group account is evenly split 
among all four members of the group. 

The number of points you earn each round is equal to:

1. How many points you Keep

PLUS

2. Your Share of the Group Account
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In other words, the number of points you earn in a round 
equals:

(20 - # points you Contribute)

PLUS 

¼ * 2 * (# points you Contribute 

+ # points your group members Contribute)

If you, and everyone else in your group, chooses to 
Contribute 10 points:

You Keep: 10 points

Your Share of Group Contribution: 
¼ * 2 * (10+10+10+10) = 20 points

You Earn: 10 + 20 = 30 points
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If you, and everyone else in your group, chooses to 
Contribute 0 points:

You Keep: 20 points

Your Share of Group Contribution: 
¼ * 2 * (0+0+0+0) = 0 points

You Earn: 20 + 0 = 20 points

If everyone else in your group chooses to Contribute 10 
points and you choose to Contribute 12 points:

You Keep: 8 points

Your Share of Group Contribution: 
¼ * 2 * (12+10+10+10) = 21 points

You Earn: 8 + 21 = 29 points
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If everyone else in your group chooses to Contribute 10 
points and you choose to Contribute 12 points:

You Keep: 8 points

Your Share of Group Contribution: 
¼ * 2 * (12+10+10+10) = 21 points

You Earn: 8 + 21 = 29 points

(Your Group Members Earn: 10 + 21 = 31 points)

At the start of the experiment, every player will be 
randomly assigned a three-digit number.

No two players will have the same number.

Only you will know what your number is. 
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Each round, you will see your number as well as 
your group members' numbers on your screen.

After each round, you will see a summary of your earnings from that 
round.
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After each round, the amount each group member Contributes 
(including yourself) will appear from largest to smallest.

The order of your group members is independent of the 
order of Contributions.
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You are not obligated to tell anybody what your 
number is, even after the experiment is over.

Nobody else, not even the experimenter, will be 
able to link your number back to you.

In later rounds, the computer will remind you of your group's Contributions 
in order from largest to smallest, from all previous rounds.
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There will be 32 rounds in total in this experiment, all of 
which proceed as previously described.

Your monetary earnings at the end of the experiment depend 
on the total number of points you earn in all 32 rounds.

Every 50 points you earn equals $1. (1 point = 2 cents)

SUMMARY

Same group of 4 people

Endowment: 20 points per round

Contributions are doubled in the group account

32 rounds in total

50 points = 1 dollar
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Appendix D: Experimental Instructions for Chapter 2

This section reproduces the text of experimental instructions.

D.1 Welcome

Thank you for participating in this study. This study will take approximately 10 minutes to

complete. Please read all instructions carefully. You will receive a participation fee of $1 when

you complete the study. In addition, there is a 20% chance you will be selected to receive a bonus

payment. The bonus payment will depend on your choices in the study, and the specifics will be

described in detail on a subsequent page.

D.2 Dictator Game - Receivers

Description:

This scenario is about allocating a sum of money between yourself and one other person who is

recruited on MTurk the same way as you. The two of you will play the role of Person A and Person

B, and these roles will be randomly assigned.

Person A starts with $10, while Person B starts with $0. Person A can decide how much of this

money to keep for themself and transfer to Person B.

Person A receives the amount that they decide to keep while Person B receives the amount

passed on to them by Person A. Person B does not get to make any decision and simply receives

the amount passed on to them.

Your role:

You are assigned to be Person B, and another MTurk participant will be Person A.
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[If Control Receiver in Experiment R: When Person A makes their money allocation decision,

they will see the avatar that you designed to represent yourself in this study.]

[If Treatment Receiver in Experiment R: On the next page, you will design an avatar to represent

yourself in this study. Person A will be shown this avatar when they make the money alloca-

tion decision.]

Bonus Payment:

Recall that there is a 20% chance that you will be randomly selected to receive a bonus payment. If

you are selected to receive the bonus payment, your bonus payment will be the amount that Person

A passes on to you.

Regardless of whether you are chosen to receive a bonus payment, you will receive a partici-

pation fee of $1 when you complete the study.

D.3 Dictator Game - Senders

Description:

This scenario is about allocating a sum of money between yourself and one other person who is

recruited on MTurk the same way as you. The two of you will play the role of Person A and Person

B, and these roles will be randomly assigned.

Person A starts with $10, while Person B starts with $0. Person A can decide how much of this

money to keep for themself and transfer to Person B.

Person A receives the amount that they decide to keep while Person B receives the amount

passed on to them by Person A. Person B does not get to make any decision and simply receives

the amount passed on to them.

Your role:

You are assigned to be Person A, and another MTurk participant will be Person B.

[If Sender in Experiment R: When you make your money allocation decision, you will see an

avatar that Person B created to represent themself in the study. You will take part in 3 rounds of
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the above scenario. In each round, you will be matched with a new Person B and see their avatar

when making your money allocation decision.]

Bonus Payment:

Recall that there is a 20% chance that you will be randomly selected to receive a bonus payment. If

you are selected to receive the bonus payment, your bonus payment will be the amount that

you decide to keep for yourself. Additionally, the other participant (Person B) will receive

the amount passed on by you.

Regardless of whether you are chosen to receive a bonus payment, you will receive a partici-

pation fee of $1 when you complete the study.

D.4 Avatar Rating Task

In this part of the experiment, you will be asked to rate 15 cartoon avatars on different dimen-

sions. Each dimension will be characterized by a pair of words.

For each word pair, please find the word that best fits the avatar. Additionally, please pick how

well you think that word fits the avatar.

Note: the order of the words can change between avatars!

D.5 Avatar Creation Task

Use the dropdown menus to design the avatar that will represent you in the study.

The avatar at the top of the page will auto-update based on the choices from the dropdown menus.

You must make at least one choice from one dropdown menu.

When you are finished designing your avatar, click the Next button at the bottom of the page. The

button will appear automatically after 150 seconds.
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Appendix E: Experimental Instructions for Chapter 3

E.1 Experimental Instructions for a session with 12 subjects and 𝑚 = 2
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In this experiment, you are an eligible voter in an election called to fill several seats.

You will be assigned to one of two parties, either the Purple party or the Orange party. 

If your party wins positions, you win points. However, voting is costly, so if you vote, 
you lose points. 

Your decision in each round will be whether to vote or not vote. 

The experiment will have 4 Parts, each with 15 rounds.

At the end of each Part, 1 round will be randomly drawn, and the points you earned 
in those rounds will be converted into monetary earnings. 

The conversion rate from points to dollars is: 100 points = $1.50 dollar. 

Your final earnings will also include the show-up fee of $5.
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Part 1

Part 1 consists of 15 rounds.
Each round is a new election and will develop as follows:

At the beginning of Part 1, you will be randomly assigned to a party: either 
Orange or Purple. 

or

You will be part of a group of 6 voters: 2 Purple voters and 4 Orange voters. 
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Your group will vote to elect a commission with 2 seats.  

2 seats

The 2 candidates with most votes win. If there is a tie, it is broken randomly by the 
computer. 

You win 400 points if your party wins both positions, 200 points if it wins 1
position, and 0 if it wins none. 

CANDIDATES

To fill these seats, the Orange party has nominated 2 candidates. 

The Purple party has nominated 1 single candidate.
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The computer screen will remind you of this information, and will look as follows.

Insert computer screens
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Whether you are Orange or Purple, your decision is whether to vote or not vote.

You are given an endowment of 100 points. But if you vote you suffer a voting cost.

The cost is random and can be any integer between 0 and 100 with equal 
probability. 

Your cost is independent of everyone else’s cost. Thus, your cost gives you no 
information about their costs. 

You will be shown your cost before you choose to vote or not vote. 
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Because 2 positions are open, each voter has 2 votes.  

When you vote, all your votes are shared equally by all candidates of your party.

If your party is Orange and you vote, you cast 1 vote for each of the 2 Orange
candidates. 

If your party is Purple and you vote, you cast both of your votes for the single Purple
candidate. 

1 vote

1 vote

2 votes
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After the practice rounds, Part 1 will consist of 15 rounds.

Each round is a new election:

1. You will maintain the same party affiliation (Orange or Purple) for all of Part 1.  

2. At each round, you will be rematched randomly into a group of 6 voters: 4 Orange 
and 2 Purple. Because groups are rematched, you will not be with the same five 
other subjects. 

3. The groups are independent. What happens in one group does not affect the others.

4. The election will proceed as before (2 open seats, 2 votes per voter, 2 Orange 
candidates, 1 Purple candidate)

5. All random voting costs will be drawn again. Each voter will receive a new endowment 
of 100 points.

6. You and everyone else will decide again whether to vote or not. 
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SUMMARY

Your group votes to fill 2 open seats and each voter has 2 votes.

You win 400 points if your party wins both seats, 200 if 1, 0 if none.

SEATS

CANDIDATES

VOTERS

1 vote

1 vote

2 votes

There are 2 Orange candidates and 1 Purple candidate. 

Because each voter has 2 votes, an Orange voter who votes 
casts 1 vote for each Orange candidate; a Purple voter who 
votes casts 2 votes for the single Purple candidate.

The group consists of 4 Orange voters and 2 Purple voters.

Voting is costly.

If you vote, you pay your voting cost whether or not your party wins any position. 

If your party wins any position, you will receive points whether you voted or not. 

Your decision will be whether to vote or not.

Your party is more likely to win positions if you vote.
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SUMMARY: PART 1

CANDIDATES
VOTERS

1 vote

1 vote

2 votes

VOTES

SEATS

Part 2
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Part 2 is very similar to Part 1.

The difference is in the number of candidates: 

In part 2, both parties have nominated 2 candidates each.

If you vote, you cast 1 vote for each of your party’s candidates.

The two winning candidates will be the two candidates with most votes, as before.

You will be randomly reassigned a party affiliation, either Purple or Orange, which may differ 
from Part 1 and that you will keep for the whole of Part 2. 

Everything else remains identical.

CANDIDATES

POSITIONS

VOTERS
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1 vote

1 vote

1 vote

1 vote

VOTES

Part 2 will last 15 rounds.

Remember that:

- groups are reshuffled at each round.

- voting costs are redrawn at each round. 
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SUMMARY: PART 2

VOTERS

SEATS

CANDIDATES

1 vote

1 vote

1 vote

1 vote

VOTES

Part 3
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Part 3 is very similar to Part 2.

There are three differences:

1. In Part 3, your group will elect a 4-person commission: the election is for 4 open seats.

2. Each voter has 4 votes. 

3. Each party has nominated 4 candidates.

If you vote, you cast 1 vote for each of your party’s candidates.

The 4 winning candidates will be the 4 candidates with most votes.

In addition to the 100 points round endowment, you win 400 points if your party wins 4 
positions, 300 if it wins 3, 200 if 2, 100 if 1, and 0 if it wins none.
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POSITIONS

CANDIDATES

VOTERS

1 vote

1 vote

1 vote

1 vote

1 vote

1 vote

1 vote

1 vote

VOTES
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You will be randomly reassigned a party affiliation, either Purple or Orange, which may 
differ from Part 2 and that you will keep for the whole of Part 3. 

Everything else remains identical.

Part 3 will last 15 rounds.

SUMMARY: PART 3

VOTERS

SEATS

CANDIDATES
1 vote

1 vote

1 vote

1 vote

1 vote

1 vote

1 vote

1 vote

VOTES
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Part 4

Part 4 is very similar to Part 3.

The difference is in the number of candidates:

The Orange party has nominated 3 candidates.

The Purple party has nominated 2 candidates.

Because every voter has 4 votes: 

If you vote and are Orange, you cast 4/3 votes for each Orange candidate.

If you vote and are Purple, you cast 2 votes for each Purple candidate. 

The 4 winning candidates will be the 4 candidates with most votes, as before.
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CANDIDATES

POSITIONS

VOTERS

4/3 votes

4/3 votes

4/3 votes

2 votes

2 votes

VOTES
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You will be randomly reassigned a party affiliation, either Purple or Orange, which may 
differ from Part 3 and that you will keep for the whole of Part 4. 

Everything else remains identical.

Part 4 will last 15 rounds.

VOTERS

SEATS

CANDIDATES
VOTES

4/3 votes

4/3 
votes

4/3 votes

2 votes

2 votes

SUMMARY: PART 4
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