
Vol:.(1234567890)

Experimental Economics (2020) 23:468–492
https://doi.org/10.1007/s10683-019-09620-3

1 3

ORIGINAL PAPER

Costly voting: a!large-scale real e"ort experiment

Marco!Faravelli1 !· Kenan!Kalayci1!· Carlos!Pimienta2

Received: 15 October 2018 / Revised: 11 July 2019 / Accepted: 13 July 2019 / Published online: 12 August 2019 
© Economic Science Association 2019

Abstract
We test the turnout predictions of the canonical costly voting model through a 
large-scale, real e!ort experiment. We recruit 1200 participants through Amazon’s 
Mechanical Turk and employ a 2 ! 2 between subjects design encompassing small 
( N = 30 ) and large ( N = 300 ) elections, as well as close and lopsided. As pre-
dicted, participants with a higher opportunity cost are less likely to vote; turnout 
rate decreases as the electorate size increases in lopsided elections and increases the 
closer the election is in large elections. However, in the large lopsided election the 
majority turns out to vote at a higher rate than the minority. We rationalize these 
results as the equilibrium outcome of a model in which voters obtain a small non-
monetary utility if they vote and their party wins.
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1 Introduction

We present a large-scale real e!ort experiment (1200 subjects) testing the turnout 
predictions of the costly voting model in small ( N = 30 ) and large ( N = 300 ) elec-
tions. Costly voting theory dates back to Downs (1957), who formalized elections 
as a collection of participation decisions in which citizens choose, for purely instru-
mental reasons, whether to pay a cost to vote for their preferred alternative or to 
abstain. Since the publication of Downs’ seminal work, this conceptual framework 
has been a point of discussion among economists and political scientists alike. This 
is because the model gives rise to the well known paradox of (not) voting, i.e., turn-
out rate is predicted to quickly decline as the electorate grows and to be negligible in 
large elections, a feature which is clearly at odds with experience.

Downs originally formulated the problem in decision theoretic terms, where the 
pivot probability is exogenous. Palfrey and Rosenthal (1983, 1985) recast the analy-
sis in a game theoretic framework, but the result does not change. What causes the 
paradox is that the probability of being pivotal declines exponentially as the elector-
ate increases, becoming rapidly insignificant. Despite this, over the past sixty years 
scholars have consistently turned to rational choice theory to model voting as a stra-
tegic behavior (see Blais 2000, for an overview). At the same time, several ways to 
overcome the paradox have been proposed by incorporating additional features into 
the original framework.1

The reasons for the enduring interest in this theoretical model are essentially two. 
Primarily, although voting in elections is not only instrumental, there is ample evi-
dence that strategic considerations certainly play a role (Blais 2000). Moreover, by 
casting the problem in the familiar framework of costs and expected benefits, costly 
voting theory generates a series of turnout predictions which, paradox aside, are at 
least partly supported by factual (see Shachar and Nalebu! 1999) as well as anecdo-
tal evidence. These predictions can be summarized as follows. First, ceteris paribus, 
individuals with a higher opportunity cost are less likely to vote (cost e!ect). Sec-
ond, the larger the electorate size the lower turnout rate is (size e!ect). Third, the 
closer the election is ex-ante the higher turnout rate is (competition e!ect). Finally, 
the minority turns out to vote at a higher rate than the majority group (underdog 
e!ect), although the majority wins the election in expectation. Alas, properly testing 
the validity of such predictions by analyzing real electoral data is not possible, as a 
plethora of confounding factors are at play.2 A natural alternative is to turn to experi-
ments. There exist few laboratory experiments on voters’ turnout (e.g. Levine and 
Palfrey 2007).3 The suitability of the costly voting model to explain voting behavior 
in small electorates, such as committees, can be properly tested in the lab. However, 

1 See, for instance, Riker and Ordeshook (1968), Morton (1991), Castanheira (2003), Feddersen and 
Sandroni (2006), Evren (2012), Myatt (2012), and Faravelli et"al. (2015).
2 Two notable exceptions are Coate et"al. (2008) and Gerber et"al. (2017). However, both of these papers 
find little support for the pivotal voter model.
3 See also, as examples of laboratory experiments on the pivotal voting model, Schram and Sonnemans 
(1996), Cason and Mui (2005), Grosser and Schram (2006), Du!y and Tavits (2008), Grosser and Sch-
ram (2010), Herrera et"al. (2014) and Agranov et"al. (2018).
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as these models aspire to explain voting behavior in considerably larger elector-
ates, we are interested in exploring the turnout predictions of costly voting theory 
in larger voting groups. Ledyard (1995) already points out the problems associated 
with testing public good games with large numbers due to the scaling limitations 
of laboratory experiments. Nonetheless, the validity of the costly voting model in 
larger electorates, such as public o#ce elections, is more appropriately tested using 
a large pool of subjects with enough demographic and socioeconomic diversity. 
Nowadays, this can be implemented using online experiments, but one needs to be 
careful not to lose control over the experimental environment.

We do this through an artefactual field experiment involving a total of 1200 par-
ticipants recruited via Amazon’s Mechanical Turk (MTurk). MTurk is an internet 
based marketplace for work where employers (the “requesters”) contract workers 
(the “providers”) to accomplish a task requiring human intelligence (“HIT”, i.e., 
human intelligence task).4,5 The rules of the participation game are explained in 
neutral language and no reference to voting or elections is made at any point. There 
are two groups, A and B, and each participant is assigned to A with probability ! and 
to B with 1 ! ! . While this probability and the total number of participants are com-
mon knowledge, each participant is the only one to know which group she belongs 
to. Participants are asked whether or not they are willing to complete a real e!ort 
task lasting on average 30"min that involves moving a fixed number of sliders on 
the screen (see Gill and Prowse 2012, for the first experimental use of the slider 
task). If more members of group A than members of group B complete the task then 
every A member receives a bonus payment, while B members get nothing, and vice 
versa. Thus, performing this task serves as voting and, for every participant, the cost 
of voting is the opportunity cost of her time. We employ a 2 ! 2 between subjects 
design, where we vary the electorate size (30 vs. 300) and the probability of being 
assigned to either group (close vs. lopsided election). Each treatment is comprised 
of 300 participants. All treatments were conducted at the same time (see Sect."2 for 
more details).

Our design has two main features. First, the use of MTurk, which allows us to 
recruit a large number of subjects and to feasibly manage the experiment. Second, 
the adoption of a real e!ort task. While real e!ort and induced e!ort cost are both 
valid alternatives, depending on the experimental setup (see, e.g., Gaechter et" al. 
2016, for a discussion), we opted for the former for a number of reasons. A real 
e!ort task induces a very salient cost and captures the very spirit of the costly vot-
ing model, in which the cost of voting is the opportunity cost of time. It also fits 

4 A typical HIT may involve data cleaning, processing photos or videos, translations or transcription of 
podcasts.
5 Although this platform is relatively new, the number of social science and economics experiments that 
use MTurk is rapidly increasing (see, for instance, DellaVigna and Pope 2017, as an example of a recent 
real e!ort experiment). Various studies find no significant di!erences when comparing MTurk behav-
ior with laboratory behavior (Mason and Suri 2012). See also Horton et"al. (2011) and Suri and Watts 
(2011), who replicate classical results from prisoner’s dilemma games (Cooper et" al. 1996) and pub-
lic goods games (Fehr and Gaechter 2000), respectively. Moreover, as documented in Mason and Suri 
(2012), the internal consistency of self-reported demographics on MTurk is high.
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naturally with the subject population: MTurk workers are accustomed to performing 
tasks costing them time, to deciding which HIT to take on among competing ones 
and how to spend their time to maximize their profit6; moreover, running all treat-
ments at the same time guarantees that participants across treatments face the same 
alternative HIT’s. Finally, it helps avoid the house money e!ect, which is known to 
induce greater inequality aversion (Dannenberg et" al. 2012), less selfish behavior 
in public goods (Harrison 2007) as well as overbidding in contests (Sheremeta and 
Price 2015), all relevant settings when considering that an election, being a group 
contest, combines elements of contests and of public goods.7

Our results can be summarized as follows. First and foremost, we find strong evi-
dence that participants with a higher opportunity cost are significantly less likely 
to vote. We document this in two ways. We find that voting decreases with income 
and that participants are 1% less likely to vote for every $10,000 increase in income. 
Moreover, we find that a one standard deviation increase in predicted time to com-
plete the task is associated with a 3.2% drop in the probability of voting. We find 
partial evidence of size and competition e!ect. The size e!ect is statistically sig-
nificant in lopsided elections, but not in close ones. Similarly, we observe the com-
petition e!ect in large elections, but not in small ones. Both e!ects are strongly sig-
nificant. Finally, we find no significant evidence of the underdog e!ect. In fact, we 
find that, in the large lopsided election, the majority’s turnout rate is higher than the 
minority’s. Following Morton and Ou (2015), we refer to this as bandwagon e!ect.8 
As noted by Morton and Ou, this is a common finding in laboratory experiments on 
voting behavior (Du!y and Tavits 2008; Grosser and Schram 2010; Kartal 2014; 
Agranov et"al. 2018).

In order to interpret our results, Sect."4 compares observed behavior with numeri-
cal computations of the theoretical model. This exercise reveals that turnout is higher 
than the rational model’s predictions, even when we do observe a significant size or 
competition e!ect. Over-participation is a common finding in voting experiments (see 
Levine and Palfrey 2007) and we do know that individuals typically overestimate their 
probability of being pivotal (Du!y and Tavits 2008), leading to higher turnout rates. 
We consider a quantal response equilibrium (QRE) model and it predicts participation 

8 Morton and Ou (2015) call this phenomenon bandwagon abstention e!ect, as opposed to bandwagon 
vote choice, which refers to a situation in which “the knowledge that one candidate is more likely to win 
leads supporters of the loser to switch their support for the winner” (Morton and Ou 2015, 226). As 
in our experiment a subject is not allowed to vote for the other group, bandwagon vote choices cannot 
occur. Thus, we will refer to the majority voting with a higher turnout rate than the minority simply as 
bandwagon, always meaning bandwagon abstention.

6 We are also fully confident of their thorough understanding of the instructions, as we devised an 
extremely rigorous screening process. Each one of our subjects correctly answered a set of 5 questions 
regarding di!erent pivotal situations. If at any point a participant made a mistake she would be taken 
back to the first question for another attempt. Only 4 attempts (i.e., 3 mistakes) were permitted. Almost 
60% of our subjects passed the quiz at the first attempt and 81% took at most two attempts. The probabil-
ity of randomly answering correctly all 5 questions at the first attempt is 1.7 ! 10"5.
7 A potential disadvantage of using a real e!ort task is the lack of control over the cost function. None-
theless, adopting an incomplete information setting with regards to preferences allows us to obtain equi-
librium uniqueness for a rich class of cost distributions as well as the same comparative statics that we 
are interested in. For more details see Sect."2.3 and “Appendix"1” in electronic supplementary material.
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rates much closer to the subjects’ turnout levels. However, like the rational model, the 
QRE model also gives rise to the underdog e!ect. Thus, quantal response equilibrium 
alone cannot account for our results. Morton and Ou (2015," p. 229) point out two 
mechanisms that can be at work, either simultaneously or in isolation: “a voter gains 
some utility by voting for the winner” and “a voter loses some utility by voting for 
the loser”. These two e!ects can be induced by several factors, e.g. people are overly 
competitive, overly cooperative in social dilemmas and may exhibit other regarding 
preferences. Whatever the source, these mechanisms can be taken into account in an 
economic model with a suitable modification of the utility function. We include in the 
QRE model a small extra utility from voting and winning and show that predictions are 
qualitatively comparable with our subjects’ behavior. A similar alteration of the utility 
function, although in a di!erent model, can be found in Callander (2007, 2008). Such 
a model induces the bandwagon e!ect in equilibrium in large lopsided elections, as we 
observe in our experiment. The intuition is that in a larger electorate, the majority is 
more likely to win in equilibrium and, therefore, the extra utility from voting and win-
ning acquires more importance.

Although the observed behavior is certainly complex and cannot be fully explained 
by the rational model, this paper is the first to present experimental evidence of the 
predictions of the costly voting framework (i.e., size and competition e!ect) outside the 
laboratory and when the electorate is large. Levine and Palfrey (2007) conduct a labo-
ratory experiment, based on Palfrey and Rosenthal (1985)’s theoretical setting, testing 
the model’s turnout predictions. They consider electorate sizes varying between N = 3 
and N = 51 , confirming most of the model’s comparative statics at the aggregate level. 
There is, nonetheless, little evidence of instrumental voting when N grows beyond 27, 
as turnout rate only marginally decreases with size when the election is lopsided, but 
increases when it is close. Interestingly, we do not observe the size e!ect in close elec-
tions either. To the best of our knowledge, the only other attempt to find experimen-
tal evidence of instrumental voting in large elections is a recent paper by Morton and 
Tyran (2012). Using a representative sample of the Danish population, they conduct 
two online virtual laboratory experiments on small and large elections, 600 being their 
largest electorate size, focusing on the distinction between selfish and ethical motiva-
tions to vote. As in Levine and Palfrey (2007), the cost of voting is monetary. They do 
find that participants with higher voting costs are less likely to vote. In contrast, they 
find little evidence of selfish instrumental voting, as turnout rate does not diminish with 
size nor when elections go from close to lopsided.

The remainder of the paper is structured as follows. Section" 2 describes the 
experimental design and hypotheses. Section"3 reports our findings. Section"4 pro-
vides a discussion of the results and Sect."5 concludes.

2  Experimental design and!hypotheses

2.1  Experimental design

The experimental design hinges on the canonical costly voting model with two alter-
natives and incomplete information (Palfrey and Rosenthal 1985). Consider two 
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parties, A and B, and N agents, each one belonging to A with probability ! and to B 
with probability 1 ! ! . Every agent independently chooses whether to vote for her 
own party, incurring a cost, or to abstain. While the values of N and ! are common 
knowledge, each agent’s party membership and individual cost of voting are private 
information. The party which gathers most votes wins the election and each one of 
its members receives a payo! ! , while the members of the losing party get a payo! 
of zero. In case of a tie everyone gets !

2
.

We employ a 2 ! 2 between subjects design, with N and ! being our treatment 
variables (see Fig." 1). The value of N is either 30 (small election) or 300 (large 
election). Similarly, ! can either be equal to 0.49 (close election) or 0.35 (lopsided 
election).9

2.2  Procedures

A total of 1200 subjects took part in the experiment, 300 per treatment. The experi-
ment consists of two stages: Stage 1 (the recruiting stage) and Stage 2 (the voting 
stage). Subjects were recruited through Amazon’s Mechanical Turk and access was 
restricted to those based in the USA. The experiment was conducted via Qualtrics, 
an online survey software. All subjects who successfully completed Stage 1 received 
$1.5, while a bonus of $5 was paid depending on the result of Stage 2. Participants 
were given an estimate of the time it would take to complete Stage 1 (13"min) and 
Stage 2 (30" min). From the moment she accepted the HIT, each participant had 
2"h to complete it.10 The language used throughout the experiment was neutral and 
made no reference to voting. Below, we describe Stage 1 and 2 in detail.11

In Stage 1, each participant is presented with 20 sets of 3-slider tasks, as intro-
duced by Gill and Prowse (2012); in each set a subject is asked to move all 3 sliders 
to a given number on the range of integers between 1 and 200 (see Fig."2). A subject 
can only advance by selecting the right integer in every slider. Having concluded all 
20 sets, each participant is given the following information. There are N people, her-
self included, who are taking part in the HIT. There are two groups, A and B, and the 
computer will determine the group she belongs to by generating a random number 
between 1 and 100, all numbers being equally likely to be drawn. If the number falls 
between 1 and 100 ! ! she belongs to group A, while if the number falls between 
100 ! ! + 1 and 100 she belongs to group B. Both ! and 1 ! ! are also graphically 
depicted as percentages through a pie chart. The subject is informed that the same 
procedure applies to all other participants. A number is drawn and the subject is 
assigned to a group. The participants are then informed of how the bonus payment 
of $5 is determined. Each participant is told that she will be asked whether or not 

9 We opted for 0.49 instead of 0.50 to avert the focal feature of perfect symmetry, as some participants 
may perceive 0.50 to be an equal split of the population between A members and B members in realiza-
tion.
10 The maximum amount of time a requester can allow a worker to complete a HIT on MTurk cannot be 
less than 2"h.
11 Instructions are reported in “Appendix"3” (Electronic supplementary material).
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she wants to take part in Stage 2. If she does, she will have to complete 120 sets of 
3-slider tasks similar to the ones she has already experienced. If more members of 
group A than members of group B complete Stage 2, then all A members will receive 
a bonus of $5, while B members will not receive the bonus; if more members of 
group B than members of group A complete Stage 2 then all B members will receive 
a bonus of $5, while A members will not receive the bonus; if an equal number of 
people from group A and group B complete Stage 2 then everyone will receive $2.5.

Instructions about the bonus payment were followed by a very rigorous quiz. The 
quiz was designed to ensure that subjects understood the rules of the game and, in 
particular, the fact that they could win the bonus even if they decided not to com-
plete Stage 2. Firstly, each subject had to answer correctly three open ended ques-
tions: (1) How many people are taking part in the HIT? (2) What is the percentage 
chance of being assigned to group A? (3) What is the percentage chance of being 
assigned to group B? Secondly, she was asked to answer 5 multiple choice ques-
tions, each relating to a di!erent pivotal situation (i.e., suppose that n people from 
group A and m people from group B, you excluded, complete Stage 2). For each 
question, 9 di!erent answers were provided, each reporting two dollar amounts and 
corresponding to the payment for the subject if she chooses to take part or not to 
take part in Stage 2. If, at any point, she made a mistake she would be reminded of 
how the bonus is determined and she would be sent back to the first multiple choice 
question for a new attempt. Only 4 attempts (i.e., 3 mistakes) were allowed. Subjects 
who made 4 mistakes were not allowed to continue and are not part of our experi-
ment.12 Finally, once a subject successfully passed the quiz she had to wait at least 
60 seconds before deciding whether or not to take part in Stage 2 (“Do you want to 
perform the task and complete 120 sets of 3-slider tasks?”). A short demographic 
questionnaire concluded the experiment, either after a subject decided not to take 
part in Stage 2 or after she successfully completed Stage 2.13

Participants were randomly assigned to the four treatments, each treatment com-
prising 300 subjects. The experiment started at 4pm EDT on 18 July 2016 and lasted 
approximately 24"h. Recruitment progressed evenly across treatments. For payment 
purposes, participants in either small election treatment were ordered according to 
their completion time and gathered into groups of 30 subjects each, every group 
constituting a small election. Thus, we have 20 small elections (10 close and 10 lop-
sided) and 2 large elections (1 close and 1 lopsided). Subjects were paid within three 
days of completing the HIT. The average payo! was $4.5, including the flat fee of 
$1.5.

Taking part in Stage 2 serves as voting and the opportunity cost of completing 
120 sets of 3-slider tasks is the cost of voting. Given a treatment, the proportion 
of subjects who complete Stage 2 constitutes the turnout rate for that treatment. In 

12 All subjects were made aware of this from the start. The percentage of subjects who made 0, 1, 2 and 
3 mistakes is, respectively, 58.5%, 22.5%, 11.2%, and 7.8%.
13 For purely practical reasons to do with payment procedures, those who started Stage 2 but did not 
complete it were discarded from the subject pool and are not part of the experiment. Subjects were 
informed beforehand that they would not receive any payment if they left Stage 2 half way through.
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Stage 1 each subject has to complete 20 sets of 3-slider tasks, so that she can appre-
ciate the time it takes and form a good idea of the opportunity cost of completing 
Stage 2. The slider task is particularly suited to capture e!ort, as it is not a!ected 
by preexisting knowledge; moreover, it is simple to communicate, understand and 
implement (Gill and Prowse 2012). The time it takes to complete the task does 
depend, however, on the device’s characteristics, such as the operating system and 
the screen resolution, features we know of for each participant. In order to choose 
the number of sets of 3-slider tasks to be completed in Stage 1 and Stage 2, we 
performed various tests with several students. Using a macOS operating system, 
a mouse and a high definition screen (27-inch widescreen monitor with a 5120 by 
2880 pixel resolution), each set of 3-slider tasks takes approximately 15 seconds, so 
that 20 sets take 5"min and 120 take 30"min.14

2.3  Hypotheses

We test four hypotheses, corresponding to the main turnout predictions of the costly 
voting model. These hypotheses are also tested by Morton and Tyran (2012) and 
Levine and Palfrey (2007). Both papers assume the version of the model presented 
by Palfrey and Rosenthal (1985) in which there is no uncertainty about the sizes of 
the two groups. Both Levine and Palfrey (2007) and Morton and Tyran (2012) are 
able to fix the cost distribution because their voting cost is monetary. In particu-
lar, Levine and Palfrey (2007) choose the cost distribution to guarantee equilibrium 
uniqueness in all treatments and obtain meaningful comparative static predictions.

Fig. 1  Treatments

Fig. 2  One set of 3-slider tasks

14 Note that the participants can use any device with an internet browser such as phones, tablets or lap-
tops to complete the experiment. In Sect."3.1, we use the heterogeneity generated by the use of di!erent 
devices to estimate the time to complete the task and use this estimate as a proxy for the cost of voting.
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In turn, we assume the version of the model presented by Palfrey and Rosenthal 
(1985) with aggregate uncertainty about the group sizes.15 The advantages that this 
setup has in our setting come from the fact that the equilibrium graph is (topologi-
cally) a closed interval. The proof of this result is in “Appendix"1” in electronic sup-
plementary material, where we also discuss how such a topological characterization 
allows us to show equilibrium uniqueness numerically for a wide range of cost dis-
tributions.16 This is important because our design involves a real e!ort task, which 
implies that we are unable to fix the cost distribution.17 With this in mind, we test 
the following four hypotheses:

1. Cost e!ect everything else equal, participants with a higher voting cost are less 
likely to vote.

2. Size e!ect given ! , turnout rate in the small election is higher than in the large 
election treatment.

3. Competition e!ect given N, turnout rate is higher in the close than in the lopsided 
election treatment.

4. Underdog e!ect in either lopsided treatment, A members’ turnout rate is higher 
than B members’ turnout rate.18

Hypothesis (1), (4) and an asymptotic version of (2) can be proven analytically (see 
Taylor and Yildirim 2010). We verified (2) and (3) numerically for every cost distri-
bution for which we also verified equilibrium uniqueness.19

15 See also Goeree and Großer (2007) as an example of aggregate uncertainty about group sizes, 
although the cost of voting is common knowledge.
16 Taylor and Yildirim (2010) prove equilibrium uniqueness under a condition on the parameter values 
that is only satisfied in our large close election. Therefore, we check equilibrium uniqueness using sev-
eral distribution functions. For the normal distribution, we check for every value of every combination 
of mean and standard deviation between 0.1 and 5 with 0.1 increments. We performed a similar exercise 
for the uniform, Pareto, exponential, half-normal, log-normal, and Chi square distributions. We always 
obtain a unique equilibrium for every value of ! when fixing N = 30 and N = 300 . We also checked 
equilibrium uniqueness for additional values of N = 10, 50, 100, 600.
17 We adopt the simplifying assumption that participants have common knowledge about the cost distri-
bution. We take the classical position within economic theory to justify common knowledge of certain 
parameters within a theoretical model. In our case, even if the experimenter does not have access to the 
cost distribution of the MTurk population, we believe that it is reasonable to assume that subjects do have 
common knowledge about it by virtue of being experienced MTurk workers (only MTurk workers with at 
least 500 completed HIT’s and 97% completion rate are allowed to participate in the experiment, and this 
fact is common knowledge among the subjects). Thus, each participant has a long history of observations 
of hourly wages for HIT’s of di!erent types o!ered within MTurk, and these wages contain information 
about such a cost distribution. Furthermore, the main comparative statics of the model should be robust 
to small deviations from this informational assumption.
18 We expressed Hypothesis (2), (3) and (4) in terms of turnout rate for ease of exposition. Note, how-
ever, that this boils down to the individual ex ante probability to vote and can also be expressed in these 
terms. For this reason, each participant’s decision constitutes an observation of our analysis, for a total of 
1200 observations.
19 Furthermore, when looking at the competition e!ect, we observe that turnout is always an increasing 
function of ! (see “Appendix"1” in electronic supplementary material for details). We verified that (2) is 
true using N = 10, 30, 50, 100, 300, 600.
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3  Results

We start our analysis by reporting the descriptive statistics of our sample. As we 
can see from Table"1, the mean gross annual income of our participants is $43,308. 
Their median age is 35 and their median education level is a four-year college 
degree. In our sample, 43.8% of the participants are male and 6.6% are black. For 
four of these five background statistics there is no significant di!erence when com-
paring the four treatment conditions (Mann-Whitney tests, p values >"0.18), the only 
exception being annual income. This is lower in the large lopsided treatment than in 
the other three treatments (p values <"0.05), while there is no significant di!erence 
when comparing the latter treatments (p values >"0.8).20

Let us examine our first hypothesis, the cost e!ect, according to which, ceteris 
paribus, participants with a higher voting cost are less likely to vote. While not the 
main hypothesis that we want to test, we need to make sure that subjects’ behavior 
satisfies this tenet of the costly voting model. We do this in two di!erent ways: by 
controlling for the e!ect of income; and by controlling for the e!ect of the time 
taken to complete the experiment, estimated using the characteristics of the partici-
pants’ devices (e.g. computer type). Let us start by looking at the e!ect of a par-
ticipant’s income on her likelihood to vote, since participants with higher income 
would be expected to have a higher opportunity cost of time. Table"2 reports linear 
regression analysis of the probability of voting using demographic variables, includ-
ing income, as well as estimated time, as regressors.21 Model 1 examines the e!ect 
of the background demographic variables only. Notice that a participant’s probabil-
ity of voting decreases as her income increases. For every $10,000 increase in gross 
annual income, a participant’s likelihood to vote decreases by 1%. While race, gen-
der, education, age or the number of mistakes in the quiz do not a!ect a participant’s 
likelihood to vote, two more variables, beyond income, are significant. The more 
often a participant purchases extended warranty when buying a product, the more 
likely she is to vote. Similarly, individuals who buy lottery tickets more often are 
significantly more likely to vote.22

If we could know the time it took each participant to complete the practice trial 
of 20 sets of three slider tasks, we could use this to check whether those who take 
longer to complete it are less likely to vote. Unfortunately, we do not have this infor-
mation, as we could only measure the time taken to complete the entire experiment, 

20 Note, however, that we are conducting 30 pairwise comparisons and that the significance threshold we 
use (5%) is not corrected for multiple comparisons. For example, the Bonferroni corrected significance 
threshold would be 0.16%; if we use this threshold, the di!erence in annual income when comparing 
pairwise the four treatments is not significant. Similarly, significance tests using the Benjamini–Hoch-
berg procedure for a false discovery rate of up to 25% show no significant di!erence for any of the five 
background statistics across all four treatment conditions (Benjamini and Hochberg 1995). Also note 
that, as we will report, turnout rate is lowest in the large lopsided election. If participants in this treat-
ment have, on average, a lower income, this result, which is in accordance with the theoretical predic-
tions, is even stronger considering that the opportunity cost of time is positively correlated with income.
21 Results are qualitatively similar when we use a logistic regression. We report linear regressions as the 
coe#cients are easier to interpret.
22 See Sect."4 for a discussion.
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i.e., Stage 1 for non-voters and Stage 1 and Stage 2 for voters. We do, however, 
possess plenty of information regarding the device used by each participant, such 
as the type of device, the screen resolution, the operating system and the browser. 
This is relevant because the device a!ects the time it takes a participant to move 
the sliders on the screen and, thus, to vote. For instance, Stage 2 can be completed 
more quickly using a computer than using a phone. Likewise, the higher the screen 
resolution (i.e., the greater number of pixels) the more quickly one can conclude 
Stage 2. By exploiting this rich data set, we are able to show that the longer it takes 
to complete the experiment the less likely a subject is to take part in Stage 2. In what 
follows, let us call non-voting completion time the time it takes a participant to com-
plete the experiment if she chooses not to take part in Stage 2; similarly, let us call 
voting completion time the time it takes a participant to complete the experiment if 
she decides to take part in Stage 2.23

First, using only the data for non-voters, we regress their non-voting completion 
time on interactions between the di!erent screen resolutions, devices, browsers and 
operating systems. See Table"11, Column 1, in “Appendix"2” in electronic supple-
mentary material for the results of this estimation. We then use these regressions to 
estimate the non-voting completion time for each one of the 1200 subjects. That is, 
we estimate how long each of the 1200 subjects would have taken to complete the 
experiment if she had decided not to vote. This method gives us an average estimate 
for the non-voting completion time of 18.97"min (s.d. 2.454"min). Model 2 extends 
Model 1 in Table" 2 by including the estimated non-voting completion time as an 
independent variable. We find that an estimated one standard deviation increase in 
non-voting completion time reduces the probability of voting by 3.2%.

Model 3 is constructed analogously to Model 2, but, this time, considering only 
the data from voters and, therefore, adding the estimated voting completion time as 
an independent variable. We predict the time it would have taken each of the 1200 
subjects to complete the experiment if she had chosen to vote. We do this using the 
estimates obtained from regressing voting completion time on voters’ device charac-
teristics (Table"11, Column 2, in “Appendix"2” in electronic supplementary material). 
In this case, we obtain an average estimated voting completion time of 47.51" min 
(s.d. 6.571"min). Results in Model 3 are comparable to those in Model 2, as we find 
that an estimated one standard deviation increase in voting completion time reduces 
the probability of voting by 2.62%. Finally, as a robustness check, Model 4 interacts 
participants’ estimated nobn-voting completion time from Model 2 (using non-vot-
ers) with their income per minute.24 Again, we observe that an estimated one stand-
ard deviation ($4.466) increase in the opportunity cost of completing the task reduces 
the probability of voting by 3.12%. Result 1 summarizes these findings.

Result 1 Turnout decreases as a participant’s opportunity cost of voting increases.

23 To be precise, we acknowledge that Stage 1 also includes the instructions, besides the practice task; 
this, potentially, adds some noise to our estimation.
24 We work out a rough estimate of a participant’s per minute income by dividing her gross annual 
income by 120,000 (2000"h per year times 60"min).
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According to our second hypothesis, the size e!ect, for a given value of ! , turnout 
rate is higher in the small than in the large treatment. Table"3 shows average turn-
out rate for all four treatments. We use Mann-Whitney tests and report one-sided p 
values for treatment comparisons (results are similar when using t tests). Although 
turnout rate diminishes with size both in close and lopsided elections, this decline is 
not significant in the former (58.3% vs. 55.6%, p value"="0.254), while it is strongly 
significant in the latter (58% vs. 46%, p value"="0.002). Interestingly, this is analo-
gous to what Levine and Palfrey (2007) report when N grows beyond 27. This simi-
larity seems to suggest that the decrease in the probability of being pivotal associ-
ated with an increase in the electorate size is less perceivable in close, as opposed to 
lopsided, elections (see Sect."4). Result 2 reports this finding.

Result 2 Turnout rate decreases as the size of the electorate increases (size e!ect) in 
lopsided, but not in close elections.

Our third hypothesis is the competition e!ect, i.e., for a given N, turnout rate 
is higher in the close than in the lopsided treatment. The predicted decline in par-
ticipation is insignificant if we consider the small treatments (58.3% vs. 58%, p 
value"="0.467), but is strongly significant when comparing large elections (55.6% 
vs. 46%, p value"="0.009). The following result states this finding.

Result 3 Turnout rate increases as the election becomes closer (competition e!ect) 
in large, but not in small elections.

To check the robustness of Results 2 and 3, in Table"4 we summarize di!erent 
linear regression results. The first column uses pooled data from all four treatments. 
We include treatment dummies and the large lopsided treatment is used as the 
benchmark. It shows that being in the large lopsided treatment decreases the prob-
ability of voting by 11.2%, relative to being in the large close treatment. Similarly, 

Table 1  Descriptive statistics

Annual income (mean) is converted from a categorical variable that takes values from 1 to 10, 1 indicat-
ing an annual gross income below $20,000 and 10 indicating an annual income of $100,000 or above. 
Education (median) is a categorical variable that takes values from 1 to 7, 1 indicating less than a com-
pleted high school education and 7 indicating a completed doctoral or professional (JD, MD) degree. Age 
is median age

Full sample Small close Large close Small lopsided Large lopsided

Annual income $43,308 $44,483 $45,000 $44,133 $39,616
Education College degree College degree College degree College degree College degree
Age 35 36 35 36 34
Male 43.8% 46.3% 42.7% 45.7% 40.7%
Black 6.6% 6.3% 6.7% 5.3% 8%
Observations 1200 300 300 300 300
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being in the large lopsided treatment reduces the probability of voting by 12.7%, 
relative to being in the small lopsided treatment. The second and third column report 
regression results using data from only the close and lopsided treatments, respec-
tively. Being in the smaller election has no e!ect on voting in close treatments, but 
increases the probability of voting by 12.8% in lopsided treatments. Similarly, the 

Table 2  Probability of voting

The dependent variable is equal to one if the participant voted and zero otherwise. Standard errors in 
parentheses. * p < 0.10 ; **p < 0.05 ; ***p < 0.01 . Income is a categorical variable that takes values 
from 1 to 10, 1 indicating an annual gross income below $20,000 and 10 indicating an annual income 
of $100,000 or above. Education is a categorical variable that takes values from 1 to 7, 1 indicating less 
than a completed high school education and 7 indicating a completed doctoral or professional (JD, MD) 
degree. Buys extended warranty is a categorical variable that takes values from 1 to 5, 1 indicating never 
purchasing an extended warranty and 5 indicating always purchasing an extended warranty when buying 
products. Buys lottery tickets is a categorical variable that takes values from 1 to 7, 1 indicating never 
purchasing lottery tickets and 7 indicating purchasing lottery tickets more than once per week

Model 1 Model 2 Model 3 Model 4

Income $"0.010* $"0.010* $"0.010*
(0.01) (0.01) (0.01)

Estimated non-voting completion time $"0.013**
(0.01)

Estimated voting completion time $"0.004*
(0.00)

Estimated time"!"income per min $"0.007**
(0.00)

Education $"0.006 $"0.007 $"0.007 $"0.005
(0.01) (0.01) (0.01) (0.01)

Buys extended warranty 0.053*** 0.054*** 0.054*** 0.054***
(0.02) (0.02) (0.02) (0.02)

Buys lottery tickets 0.019* 0.021** 0.020* 0.020*
(0.01) (0.01) (0.01) (0.01)

Age $"0.001 $"0.001 $"0.001 $"0.001
(0.00) (0.00) (0.00) (0.00)

Male $"0.044 $"0.052* $"0.050* $"0.045
(0.03) (0.03) (0.03) (0.03)

Black $"0.066 $"0.059 $"0.061 $"0.066
(0.06) (0.06) (0.06) (0.06)

Hispanic 0.082 0.079 0.080 0.080
(0.07) (0.07) (0.07) (0.07)

Number of quiz mistakes $"0.012 $"0.011 $"0.011 $"0.012
(0.02) (0.02) (0.02) (0.02)

Constant 0.364*** 0.620*** 0.575*** 0.366***
(0.09) (0.15) (0.14) (0.09)

Treatment and group variables ! ! ! !

Observations 1200 1200 1200 1200
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fourth and fifth column display regression results using data from only the small 
and large treatments, respectively. Being in the close treatment has no e!ect on vot-
ing in small treatments, but increases the probability of voting by 11.8% in large 
treatments.

Finally, let us consider our fourth hypothesis, the underdog e!ect. In the lop-
sided treatments, A’s turnout rate is predicted to be higher than B’s (i.e., the minority 
should turn out to vote at a higher rate than the majority). Table"5 shows average 
turnout rates for all four treatments by group. First of all, we check that there is no 
di!erence in turnout rate between A and B in the close treatments. Indeed, in the 
small close treatment A’s turnout rate is 57.2% and B’s is 59.5% (p value"="0.696, 
two-sided); similarly, in the large close treatment we have 55.3% for group A and 
56% for group B (p value"="0.907, two-sided). However, when looking at the lop-
sided treatments, we do not find evidence of the underdog e!ect. In the small lop-
sided treatment, A’s turnout rate (62.4%) is higher than B’s (56%) but this di!erence 
is not significant (p value"="0.305, two-sided). When looking at the large lopsided 
treatment, instead, we do observe a significant bandwagon e!ect, i.e., the major-
ity turns out to vote at a significantly higher rate than the minority. Turnout rate is 
37.4% for group A and 50.8% for group B (p value"="0.026, two-sided). We also run 
two di!erent regressions, reported in Table"6, using data only from the small and 
large lopsided treatment, respectively. The first column shows that being a member 
of group B has no e!ect on a participant’s likelihood of voting in the small lopsided 
treatment. From the second column, however, we can see that being a member of 
group B increases a participant’s likelihood of voting by 12.5% in the large lopsided 
treatment. We report these findings in the next result.

Result 4 There is no di!erence in turnout rate between group A and B in any of the 
treatments, with the exception of the large lopsided treatment, where B’s turnout 
rate is larger than A’s (bandwagon e!ect).

Before discussing these results, we note that they represent the first evidence 
(albeit partial) of the validity of the costly voting model in the field and when the 
electorate is large. Indeed, recall that our small size elections ( N = 30 ) are not 
too di!erent from the large size election in Levine and Palfrey (2007)’s labora-
tory experiment ( N = 51 ) and that Levine and Palfrey (2007) find little evidence of 
instrumental voting when N grows beyond N = 27 . On the other hand, the results 
from the only other existing experiment contemplating large elections ( N = 600 ) are 
in contrast with the model’s predictions (Morton and Tyran 2012).

Table 3  Turnout

Number of observations"="1200

Small ( N = 30) Large ( N = 300)

Close ( ! = 0.49) 58.3% 55.6%
Lopsided ( ! = 0.35) 58% 46%
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4  Discussion

In this section we discuss the main properties of the voting behavior observed in the 
experiment, using the equilibrium predictions of the theoretical model to guide the 
discussion. The three most evident features are: over-participation; treatment e!ects 
being only significant when one of the treatments is the large lopsided election; and 
subjects exhibiting the opposite of an underdog e!ect in such election (bandwagon 
e!ect). We will deal with each one of them in turn.

It is evident that subjects over-participate in the second stage of the experiment. 
To put some measure on the degree to which this is true, we perform the follow-
ing exercise. We consider an A supporter (B supporter) who correctly predicts the 
observed turnout rates indicated in Table"5 and correctly computes her probability 
of being pivotal. Table"7 reports the maximum voting cost (expressed in dollars) that 
she can a!ord to have so that participating in Stage 2 is a rational choice.

These numbers imply that, if F is the cumulative cost distribution function, when 
increasing the size from N = 30 to N = 300 in the close election, we should observe 
a decrease in turnout rates equal to F(0.48) ! F(0.14) for A voters and a decrease in 
turnout rates equal to F(0.46) ! F(0.13) for B voters. The numbers in Table"7 also 
imply that, in the large lopsided election, virtually no participant who anticipates the 
realized turnout rate could find it rational to vote, as the probability of being pivotal 
is vanishingly small.

However, to compare observed turnout rates with the theoretical ones we need 
to fix the cost distribution. In what follows we fix F to be the distribution function 
of the half-normal with ! parameter 0.6. Even if any choice here is somewhat arbi-
trary, we chose this distribution for two reasons. First, the shape of the distribution 
of opportunity costs, measured as reported income per minute times minutes that 
it took to complete Stage 1 for non-voters (Stage 1 and Stage 2 for voters), “looks” 
half-normal. That is, we observe a steady decrease in the frequency of opportunity 
costs as they increase. The mean and standard deviation of the half-normal with ! 
parameter 0.6 are approximately equal to 0.479 and 0.362. The standard deviation 
of the empirical distribution of opportunity costs is also smaller than the mean. Sec-
ond, our choice of the scale parameter of F induces equilibrium turnout rates for A 
and B supporters in small close elections that are very similar to the empirical turn-
out rates in that treatment. We are interested in this treatment because it is, a priori, 
the one for which the maximum opportunity cost of voting is the most reasonable, 
i.e., around $0.47 for the approximately 28"min that are needed to vote (see Table"7). 
This allows us to focus on turnout rate di!erences with respect to that reference 
point. (Nothing substantial changes if we choose a di!erent cost distribution that is 
not too far from satisfying these requirements.) Table"8 reports the equilibrium turn-
out rates for our choice of F. Note that, in large elections, observed turnout rates are 
considerably larger than the theoretical prediction.

Over-participation is a common finding in voting experiments (Levine and Pal-
frey 2007; Morton and Tyran 2012). One possible explanation is suggested by Du!y 
and Tavits (2008). Let us take as given the fact that subjects have a larger incentive 
to vote the more likely they think they are to change the outcome of the election. By 
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eliciting subjective pivotal probabilities, Du!y and Tavits find evidence that subjects 
overestimate their probability of being pivotal. Incidentally, this miscalculation of 
probabilities might be related to our finding that those who buy lottery tickets or 
purchase extended warranty more often are more likely to vote in our experiment. 
Indeed, while both characteristics are certainly indicative of a participant’s attitude 

Table 4  Size and competition e!ects

The dependent variable is equal to one if the participant voted and zero otherwise. Standard errors in 
parentheses
*p < 0.10 ; **p < 0.05 ; ***p < 0.01

Full sample Close elections Lopsided elections Small elections Large elections

Income $"0.010* $"0.008 $"0.014* $"0.011 $"0.011
(0.01) (0.01) (0.01) (0.01) (0.01)

Education $"0.007 $"0.005 $"0.009 0.003 $"0.014
(0.01) (0.02) (0.02) (0.02) (0.02)

Buys extended 
warranty

0.054*** 0.038 0.077*** 0.073*** 0.035
(0.02) (0.02) (0.03) (0.03) (0.03)

Buys lottery 
tickets

0.018* 0.010 0.025 0.009 0.027*
(0.01) (0.01) (0.02) (0.01) (0.02)

Age $"0.001 $"0.003* 0.001 $"0.001 $"0.002
(0.00) (0.00) (0.00) (0.00) (0.00)

Male $"0.046 $"0.090** $"0.009 $"0.010 $"0.087**
(0.03) (0.04) (0.04) (0.04) (0.04)

Black $"0.068 $"0.115 $"0.018 $"0.021 $"0.119
(0.06) (0.08) (0.08) (0.09) (0.08)

Hispanic 0.075 0.020 0.120 0.158* $"0.019
(0.07) (0.10) (0.09) (0.09) (0.10)

Number of quiz 
mistakes

$"0.012 $"0.018 $"0.008 0.006 $"0.029
(0.02) (0.02) (0.02) (0.02) (0.02)

Group B 0.028 0.015 0.041 $"0.007 0.064
(0.03) (0.04) (0.04) (0.04) (0.04)

Small lopsided 0.126***
(0.04)

Large close 0.113***
(0.04)

Small close 0.125***
(0.04)

Small election 0.020 0.127***
(0.04) (0.04)

Close election $"0.014 0.118***
(0.04) (0.04)

Constant 0.408*** 0.667*** 0.268** 0.491*** 0.458***
(0.10) (0.14) (0.14) (0.14) (0.14)

Observations 1200 600 600 600 600
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Table 5  Turnout by group

Number of observations" =" 1200. Group A is the ex-ante minority 
group and Group B is the majority

Small ( N = 30) Large ( N = 300)

Close ( ! = 0.49) A:"57.2% B:"59.5% A:"55.3% B:"56%
Lopsided ( ! = 0.35) A:"62.4% B:"56% A:"37.4% B:"50.8%

Table 6  Bandwagon e!ect

The dependent variable is equal to one if the participant voted and 
zero otherwise. Standard errors in parentheses
*p < 0.10 ; **p < 0.05 ; ***p < 0.01

Small lopsided Large lopsided

Income $"0.008 $"0.020*
(0.01) (0.01)

Education $"0.012 $"0.009
(0.02) (0.02)

Buys extended warranty 0.071* 0.079**
(0.04) (0.04)

Buys lottery 0.010 0.040*
(0.02) (0.02)

Age 0.001 0.001
(0.00) (0.00)

Male 0.047 $"0.068
(0.06) (0.06)

Black 0.051 $"0.070
(0.13) (0.11)

Hispanic 0.255* 0.040
(0.14) (0.13)

Number of quiz mistakes 0.007 $"0.026
(0.03) (0.03)

Group B $"0.058 0.124**
(0.06) (0.06)

Constant 0.541*** 0.152
(0.19) (0.19)

Observations 300 300

Table 7  Highest cost of a 
rational voter

Highest voting cost in dollars that a rational voter who correctly pre-
dicts the turnout rates in Table"5 can a!ord

N = 30 N = 300

! = 0.49 A! 0.48, B! 0.46 A! 0.15, B! 0.14

! = 0.35 A! 0.32, B! 0.25 A! 0.03, B! 0.02
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towards risk, they should indicate opposite attitudes, risk loving preferences in one 
case and risk aversion in the other. However, it is interesting that they both have a 
positive e!ect on voting, suggesting that we may be capturing a tendency to miscal-
culate probabilities rather than attitudes towards risk.

Since an election is a particular example of a group contest, we can find other 
explanations for over-participation in the group contest literature. In a survey of 
group contest experiments, Sheremeta (2018) notices that over-provision of e!ort 
is a common finding of all these studies. As Sheremeta argues, three main explana-
tions have been provided. First, we know that people are overly competitive when 
participating in contests among individuals, suggesting a non-monetary utility from 
winning (e.g. Sheremeta 2010, reports the results of an experiment where more 
than 40% of subjects expend costly e!ort to win a prize worth $0). Second, people 
are overly cooperative in social dilemmas (Ledyard 1995; Chaudhuri 2011). And, 
thirdly, individuals seem to exhibit altruism toward in-group members and hostility 
toward out-group individuals. Such behavior is often attributed to parochial altru-
ism (Bernhard et"al. 2006; Choi and Bowles 2007) and group identity (Tajfel et"al. 
1979).

These and many other biases can a!ect optimizing behavior in real-life situa-
tions. A common way in the literature to partially account for them is to use quantal 
response equilibrium (QRE), see, e.g., McKelvey and Palfrey (1995), Levine and 
Palfrey (2007), Goeree et"al. (2016). In a QRE model players do not play their best 
response with probability one. In particular, if a player has only two strategies, she 
plays her best response with a probability that is increasing in the value of the mul-
tiplication of a noise parameter ! ! 0 times the utility di!erence between her best 
and inferior response. Therefore, if ! = 0 or the utility di!erence is equal to zero, 
then the player plays either of her strategies with probability .5. In turn, when the 
utility di!erence is positive and ! approaches infinity, then the player plays her best 
response with probability close to one, and the QRE model converges to the fully 
rational one.

Thus, we compare observed turnout rates with those predicted by the QRE 
version of the voting model. Table"9 reports the theory’s predicted turnout rates 
when the noise parameter is ! = 1 and we implement the Logit version of QRE. 
(Under Logit QRE, a player whose utility from voting equals Uv and whose util-
ity from abstaining equals U! votes with probability e!Uv!(e!Uv + e!U") .) For the 
time being, our choice of ! = 1 is merely illustrative. It allows us to observe sev-
eral qualitative di!erences in predicted behavior induced by QRE with respect 
to the fully rational model. Indeed, there is a smaller size e!ect in both close 

Table 8  Equilibrium turnout 
rates

Equilibrium turnout rates of the theoretical model when the cost dis-
tribution is half-normal with ! parameter 0.6

N = 30 N = 300

! = 0.49 A! 57.8%, B! 57.1% A! 28.2%, B! 27.9%

! = 0.35 A! 52.9%, B! 44.0% A! 17.0%, B! 13.9%
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and lopsided elections than in the fully rational model. Analogously, there is also 
a smaller competition e!ect both in small and large elections. When ! is su#-
ciently high, Logit QRE predictions become more and more similar to those in 
Table" 8. In turn, when ! gets closer to zero, these e!ects become smaller and 
smaller because every turnout rate prediction approaches 50%. In this sense, the 
predictions of the QRE model are indeed closer to the observed behavior than 
those of the fully rational model.

This said, QRE would not predict the same asymmetry in behavior that we 
observe in the experiment. The size e!ect is only significant in lopsided elections 
and the competition e!ect is only significant in large elections. As mentioned 
above, the literature has found evidence that people tend to over-estimate the 
probability that they can a!ect the outcome. We speculate that such miscalcula-
tion can be persuaded by two di!erent intuitive (but not necessarily correct) moti-
vations. One is that, in small elections, the gap in the number of votes for the two 
parties cannot be too big, even in lopsided elections, so that one may think that 
being pivotal is su#ciently likely. The other is that, in close elections, the gap in 
the number of votes for the two parties cannot be too big, even when N is large, 
if one expects the realization of the distribution of preferences to closely resem-
ble the ex-ante probabilities. Of course, this reasoning ignores the fact that, as 
the electorate size increases, the total number of possible voting profiles quickly 
overwhelms the subset of them for which a single vote changes the outcome. This 
bias would be of a similar nature as the documented exponential growth bias, 
that is the tendency, common to most, to intuitively perceive exponential growth 
as linear (see, e.g. Stango and Zinman 2009). In any case, our choice of utility 
parameters ( ! = 0.35, ! = 0.49 ) and electorate sizes ( N = 30, N = 300 ) implies 
a theoretical ordering of treatments in terms of equilibrium turnout rate predic-
tions. Turnout rates must be highest in small close elections, smaller in small 
lopsided elections, even smaller in the large close election, and the smallest in 
the large lopsided election (see Tables"8 and "9). Descriptively, we observe the 
same ordering, even if di!erences are significant only when comparing against 
the large lopsided election.

Let us turn our attention to the absence of the underdog e!ect. Both the fully 
rational model and the QRE model predict underdog e!ect (see Tables" 8 and " 9; 
notice that, in the large lopsided election reported in Table"9, A’s and B’s turnout 
rates are equal only because of rounding). Indeed, Taylor and Yildirim (2010) prove 
the result for the fully rational model, but their argument also goes through in the 
QRE model (all that is needed is that, for any strategy profile, the probability of 
being pivotal be larger for a member of the group that is more likely to lose the 
election than for a member of the likely winners). Therefore, we state the following 
proposition without proof.

Proposition 4.1 (Underdog e!ect in QRE) If the QRE noise parameter satisfies 
! > 0 and the preference parameter satisfies ! < 0.5 then group A’s turnout rate is 
larger than group B’s turnout rate. Nonetheless, group B is still the more likely win-
ner of the election.
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Intuitively, let PK(a, b,N) be the probability that a K ! {A,B} supporter makes 
or breaks a tie when the expected share of the population who votes for A is a, the 
expected share of the population who votes for B is b and population size is N. 
Assume that a K supporter obtains utility equal to ! if K wins the election and zero 
otherwise. Then, in the fully rational model, a K supporter with voting cost c votes 
if and only if

If a < b then A is the most likely loser in the election. But that implies that 
PA(a, b,N) > PB(a, b,N) because, while supporters of both A and B have the same 
probability of breaking a tie, A supporters have a higher probability of making a tie 
since A is expected to collect fewer votes than B. Therefore, if a and b are equilib-
rium values of the fully rational model, the equilibrium turnout rate of the minority 
group must be higher than the one of the majority group. And, of course, virtually 
the same reasoning leads to the same conclusion in the QRE model.

But, as we reported in Sect." 3, this prediction is not supported by our data. 
Instead, we do find the opposite e!ect in the large lopsided election. Following 
Morton and Ou (2015), we have called this phenomenon bandwagon e!ect. As they 
point out, several experimental studies find that participants are more likely to vote 
if they believe that their candidate is likely to win (Du!y and Tavits 2008; Grosser 
and Schram 2010; Kartal 2014; Agranov et"al. 2018).25 Morton and Ou (2015,"p. 
229) suggest two mechanisms that can be at work, either simultaneously or in isola-
tion: “a voter gains some utility by voting for the winner” and “a voter loses some 
utility by voting for the loser”. These two e!ects can be induced by several fac-
tors, including those already discussed above: people are overly competitive, overly 
cooperative in social dilemmas, and may exhibit other regarding preferences such as 
parochial altruism or group identity. Whatever the cause, we can incorporate them 
in an economic model in the same way. We focus on the first mechanism indicated 
above and follow Callander (2007, 2008) by assuming that, if an agent votes and her 
party wins, she gets an extra utility equal to v.26 This modifies (1) by adding v times 
the probability that K wins to the left hand side of the inequality. The larger b is with 
respect to a, the larger the probability that B wins relative to the probability that A 
wins, and the more likely it is that we observe bandwagon behavior.

Thus, let us fix the utility from voting and winning to the relatively low value 
v = $0.1.27 Given this, we jointly estimate ! and the half-normal ! parameter using 
a maximum likelihood estimation and obtain ! = 1.11 and ! = 0.14 . This defines a 

(1)
!

2
PK(a, b,N) ! c.

25 Sonnemans et"al. (1998) experimentally study a step-level public good game and report subjects’ sat-
isfaction from di!erent outcomes. In a similar vein, subjects experience less disutility form a wasteful 
contribution when the threshold is already reached than when it is not.
26 Callander (2007, 2008) deals with the problem of information aggregation in a common value elec-
tion.
27 Agranov et"al. (2018) adopt the same approach to explain their experimental results. They estimate the 
parameter v individually and find that the two best-fitting values are $0.11 and $0.5 . Setting v = $0.1 is in 
line with their more conservative estimate.



488 M.!Faravelli et al.

1 3

cost distribution with mean $0.11 and standard deviation 0.08. Equilibrium turnout 
rates of the resulting Logit QRE model are reported in Table"10. Comparing it with 
the observed turnout rates in Table"5, we obtain roughly similar figures but for the 
ones corresponding to A members in lopsided elections. We observe a statistically 
insignificant underdog e!ect in small lopsided elections while the model predicts 
very similar turnout rates for both groups. Similarly, the observed bandwagon e!ect 
in the large lopsided election is much larger than the one predicted by the model.

Of course, the mean of the fitted cost distribution is objectively too low. However, 
we can rationalize this in light of the experimental findings previously discussed 
suggesting that individuals obtain a non-monetary utility from winning (see Sherem-
eta 2010, and other references mentioned above). Indeed, from a modeling perspec-
tive, a higher utility from winning is equivalent to a lower disutility from e!ort. 
For comparative purposes, we note that turnout rates using the previous ! = 0.6 for 
the cost function and ! = 1 are all between 9 and 10% lower across treatments and 
groups than those in Table"10.

We conclude this discussion by noting that the observed distance in turnout rates 
between A and B members in the large lopsided election is greater than what the 
fitted model predicts. Increasing the value of v increases the distance between the 
predicted turnout rates in this election. Nonetheless, a greater v would eventually 
also induce a bandwagon e!ect in the other treatments as well, specifically, in the 
large close, small lopsided, and small close treatment, in that order. In fact, the fitted 
model already induces a small bandwagon e!ect in large close and small lopsided 
elections as well. We have attempted to interpret the participants’ behavior through a 
parsimonious model which includes behavioral features already proposed in the lit-
erature. Other considerations may perhaps help better explain the data. For instance, 
assuming that the utility from participating and winning is convex in the probability 
of winning helps induce bandwagon behavior only in large lopsided election. We 
could also assume that the extra utility that an agent obtains from winning is increas-
ing in some suitable measure, other than the probability of winning, of the relative 
strength of her group. These and other alternative assumptions may indeed generate 
equilibrium behavior closer to the subjects’ turnout rates, but we do not have enough 
experimental or empirical evidence to justify including them in the model. Finally, 
a word of caution is order, as it is always the case when attempting to generalize any 
experimental result. We should bear in mind that all participants in our experiment 
are inexperienced and take a one-shot decision; however, in reality, elections typi-
cally involve a mix of experienced and inexperienced agents who are called to vote 
several times over their life time.

Table 9  Logit QRE turnout 
rates

Logit QRE predictions with noise parameter ! = 1 and cost distribu-
tion half-normal with ! parameter 0.6

N = 30 N = 300

! = 0.49 A! 50.9%, B! 50.7% A! 42.7%, B! 42.7%

! = 0.35 A! 47.4%, B! 45.3% A! 38.7%, B! 38.7%
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5  Conclusion

For the past sixty years, economists and political scientists have been employing 
rational choice theory in order to address the following question: why do people 
vote? While this framework undoubtedly presents several advantages, its predictive 
power remains a point of contention that is not easy to settle. This is especially true 
in large groups, which is precisely the case that the model aspires to explain. In this 
paper, we investigated the validity of the costly voting model by running a large-
scale, real e!ort experiment with 1200 participants recruited via Amazon’s Mechan-
ical Turk. This novel design has two main advantages. First, using a virtual labor 
market allows us to feasibly manage and conduct an experiment involving a high 
number of participants. Second, not only is a real e!ort task ideally suited to capture 
the essence of costly voting, but it also fits very naturally with MTurk workers, who 
are accustomed to performing time consuming activities and to choosing whether to 
accept a task according to its benefit and opportunity cost.

We used a 2 ! 2 between subjects design varying the size of the electorate, small 
( N = 30 ) and large ( N = 300 ), and the ex-ante support for the parties, close and 
lopsided. Subjects are less likely to vote the higher their opportunity cost is (cost 
e!ect). Turnout rate decreases when the electorate size increases (size e!ect) in lop-
sided elections and increases the closer the election becomes (competition e!ect) in 
large elections.

This is the first experimental study to document selfish instrumental voting out-
side the lab and with substantially larger electorate sizes than lab experiments. How-
ever, we find only a partial confirmation of the theory.28 Firstly, treatment e!ects 
are weaker than what the theory anticipates, as participation remains higher than 
predicted across treatments. Secondly, we do not observe a significant size e!ect 
in close elections nor a significant competition e!ect in small elections. Finally, we 
observe an insignificant underdog e!ect in small lopsided elections and a significant 
bandwagon e!ect in the large lopsided election, where the majority turns out to vote 
at a higher rate than the minority.

Over-participation is a typical phenomenon in voting experiments (Levine and 
Palfrey 2007; Du!y and Tavits 2008; Morton and Tyran 2012). As in Levine and 
Palfrey (2007), we show that quantal response equilibrium can account for the 
higher than predicted turnout levels, but on its own cannot explain the bandwagon 
e!ect, a behavior which is well documented in several experiments (see Morton 
and Ou 2015). We explore a simple alternative theory assuming that voters obtain 
a small non-monetary utility if they vote and their party wins. The predictions of 
this framework are similar to our experimental findings, with the bandwagon e!ect 
dominating the underdog e!ect in the large lopsided election. Nevertheless, there 
still are some quantitative di!erences. Voting behavior is a complex phenomenon 

28 We should bear in mind that any comparison with previous lab experiments should be taken with 
appropriate care. There are two substantial di!erences. Firstly, we conduct the experiment as a one shot 
game, which does not allow learning over time. Secondly, we are interested in large elections, a case for 
which, with the exception of Morton and Tyran (2012), there exist no comparable results in the literature.
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and several other factors a!ecting the decision making process are certainly at play, 
which calls for further research, experimental and theoretical, to be conducted.
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