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Abstract

Most existing studies of referendums examine voter turnout and their vote choice
separately. Our theoretical model suggests that this is problematic. The model pre-
dicts that voters who generally prefer one of the two possible referendum outcomes,
but who are relatively uncertain about the consequences of their preferred option,
tend to abstain from voting. Greater uncertainty about a referendum option not
only reduces its value, but the difference in value between the two options also van-
ishes for more “distant” voters. Uncertainty, thus, has a double effect: potential
supporters of one referendum option are less likely to vote; and citizens who vote
are less likely to support this option. We use data from the ‘Brexit’ vote to show
how individual assessments of uncertainty about the two options affect turnout and
the vote. Our empirical analyses provide support for our theoretical model.
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1 Introduction

Recent referendums in the European Union (EU) indicate that voter turnout has a sub-

stantial effect on the outcome of the vote. One example is the ‘Brexit’ referendum in the

United Kingdom (UK) in June 2016 over the question whether Britain should leave the

EU. Several analysts blamed low turnout among younger voters for lack of support for

staying within the EU.1 An even more obvious example is the repeated referendums in

Ireland on the Nice Treaty in 2001/02. The Irish electorate first rejected the treaty and

then approved it in a second referendum because supporters of the treaty who previously

abstained decided to turn out to vote (Sinnott, 2003). We see similar patterns in other

popular votes such as national elections. For example, the presidential elections of France

in 2017 were likely influenced by the low turnout of voters from the political left.2

Although existing research has long suggested that turnout matters for referendum

outcomes, the general mechanisms through which this happens remain unclear. The

anecdotes above, for instance, concur with the view that a critical channel through which

the outcome of a vote can be influenced is by affecting turnout (Zhang, 2018). In the

context of EU referendums, the link between turnout and referendum outcomes has been

highlighted repeatedly (Sinnott, 2003; Hobolt, 2009). But despite this consensus, most

analyses still examine the decisions whether to vote and how to vote as separable choice

problems (see, e.g., Hug and Schulz, 2007; Hobolt, 2009; Dür and Konstantinidis, 2013;

Elkink and Sinnott, 2015). Only very few theoretical models explicitly model the connec-

1The Guardian, “EU referendum: youth turnout almost twice as high as first thought”, 10 July

2016, https://www.theguardian.com/politics/2016/jul/09/young-people-referendum-turnout-

brexit-twice-as-high.
2BBC News, “French election: Turnout sharply down in Le Pen-Macron battle”, 7 May 2017,

http://www.bbc.com/news/world-europe-39833831; Independent, “France presidential elections:

As French go to polls, could abstentions prove decisive in Macron-Le Pen contest”, 7 May 2017,

http://www.independent.co.uk/news/world/europe/france-presidential-elections-le-pen-

macron-french-polls-vote-abstentions-odds-who-will-win-a7722356.html; see Galam (2017)

for an analysis of the interaction between turnout and vote choice in the French elections, predicting a

possible win for Le Pen.
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tion between turnout and vote choice (e.g., Matsusaka, 1995; Feddersen and Pesendorfer,

1996).

Our theoretical model shows that an important mechanism linking turnout to vote

choice is through uncertainty about the consequences of the referendum options. First,

and contrary to the previous literature, greater uncertainty about the consequences of

one option biases turnout in favor of the less uncertain option. Specifically, turnout not

just decreases as uncertainty increases, but it is a particular group—namely those favor-

ing the more uncertain option—who stay home. From the point of view of voters who

are highly uncertain about their preferred choice, the distinction between the two op-

tions blurs, and the vote becomes meaningless. Second, and consistent with the previous

literature, greater uncertainty further reduces the support for an option in the group of

participating voters that is already biased against the more uncertain option. Voters are

critical of options for which the consequences are uncertain and hence tend to vote for

the less uncertain option. Uncertainty, thus, has a double impact: first, voters on one

side stay home; and then, some of the participating voters change their vote.

We test the predictions of our model using survey data on the ‘Brexit’ referendum

in the UK (2016). This survey is unique because it directly measures uncertainty of the

two referendum options. Specifically, respondents were asked how certain they are about

the consequences of remaining in the EU and of leaving the EU prior to the referen-

dum taking place. Furthermore, questions related to the expected impact of ‘Brexit’ on

the UK allow us to include a proxy of the difference between the status quo and the

proposed position in our spatial model of voting. We are therefore able to derive an em-

pirical model specification closely aligned with our theoretical model (cf. Signorino, 1999).

The empirical results confirm our hypotheses. They show that voters whose preferred

position is closer to the more uncertain option are less likely to vote and less likely to vote

for that option. As an additional implication of our theoretical model, we also find that as
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the two options are closer to each other, turnout declines. Not only do we provide support

for our theoretical model, we also demonstrate how the overall estimated outcome of the

referendum can be substantially misestimated when only vote choice is taken into account.

The mechanism that we describe is not unique to referendums, but can be applied

to elections more generally, at least where it concerns two possible outcomes such as the

second round of the French Presidential Elections. In such a context similar variation

in uncertainty about the relative policy positions, or the implications of someone being

elected president, can lead to similar voter dynamics and thus a similar suboptimal elec-

tion outcome.

The following section provides an intuitive understanding of our theoretical argument,

prior to the formal model specification in the third section. The fourth section compares

our theoretical model to existing formal models that link turnout and vote choice to the

aggregate referendum outcome. The fifth section tests the empirical implications of the

model on the ‘Brexit’ referendum data. It also evaluates how much ignoring turnout

leads to an underestimation of the impact of uncertainty on the vote in this referendum.

2 Uncertainty, turnout, and vote choice

Our analysis suggests that one important mechanism works through the impact of uncer-

tainty about the referendum options on both stages of the voting decision. The existing

literature shows that uncertainty, and related personal characteristics, strongly influence

both turnout and vote choice. For instance, there is a strong relationship between edu-

cation (Nie, Junn and Stehlik-Barry, 1996), cognitive ability (Denny and Doyle, 2008),

political awareness (Zaller, 1992), political knowledge (Elkink and Sinnott, 2015) and

both participation and vote choice, and there is indeed a long standing literature on the

topic (Campbell et al., 1960; Nie, Verba and Petrocik, 1979; Zaller, 1992; Carpini and

Keeter, 1996). Research also finds that more knowledgeable citizens participate in elec-
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tions and EU referendums more often (Matsusaka 1995; Hobolt 2005) and that they are

more likely to support European integration proposals (Hobolt 2009; Elkink and Sinnott

2015). Uncertainty about a vote option can be caused by the general complexity of the

issue being voted upon, mixed messages from different sides of the debate, or lack of

predictability of international reactions, or many other reasons. Certainly in European

integration referendums, all three causes are likely to be present. In the remainder of the

argument, we are agnostic about the cause of the uncertainty, and focus on its impact.

To explore the link between turnout and referendum outcomes, our formal model ex-

amines a voting situation in which voters have the choice between two options, e.g. in

a referendum or a two-candidate election. A voter first decides whether she will turn

out to vote or abstain. In line with the previous literature, we assume that voters favor

options that are closer to their own, most preferred outcome and dislike options that have

uncertain consequences. We present participation in the referendum as a mechanism that

generates information supply in response to the informational demands that it imposes

on citizens. While citizens will almost unavoidably be confronted with information about

the referendum and the campaigns, we assume that a citizen who decides to partici-

pate will pay increased attention and gather additional information to be able to vote

in accordance with preferences. While the vote itself is an expression of an individual’s

preference over the two options, the decision to participate and engage in the referendum

reflects the value given to the additional information implied by participation in the vote.

When voters decide whether to vote, they judge the value of the additional information

acquired during the voting process on their assessment of the two referendum options.

With this new information, the citizen has a more precise idea about the true conse-

quences of the two options. The value-added of this additional information, however, is

low for ‘extreme’ voters on the side of the more uncertain option. From the point of

view of these voters, the distinction between the two options blurs, and the vote becomes

meaningless. When voters decide how to vote, they choose the option that is closest to
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their most preferred outcome, provided that they have a clear idea what the consequences

of this option will be. At the same time, risk-averse voters are critical of options for which

the consequences are uncertain. This implies that ‘centrist’ voters, i.e. voters towards

the middle of the policy space, are less likely to vote for the more uncertain option.

Our model, thus, predicts that greater uncertainty around one option leads to both

lower turnout among supporters of that option as well as a reduced probability of a

vote in favour of that option. Unlike in previous models, turnout not just decreases

as uncertainty increases, but it is a particular group—namely those favoring the more

uncertain option—who stay home. What matters here is not the level of uncertainty,

but the relative uncertainty levels between the two referendum options. As a result, our

model is applicable in a wide range of referendums, with cooperative or non-cooperative

reversion points (Hobolt, 2009) and different levels and types of uncertainty (Walter

et al., 2018). Uncertainty about the consequences of the two options, thus, influences the

referendum outcome in two ways. First, support for the more uncertain option decreases

via turnout because ‘extreme’ voters on one side stay home. This biases voter turnout

in favor of the less uncertain option. Second, support for the more uncertain option

decreases via citizens’ vote choice because the ‘centrist’ voters change sides.

3 Theoretical model

3.1 Theoretical Approach

Recent referendums on European integration have been associated with high informa-

tional demands. Information is particularly valuable in settings where ideology plays a

minor role and where one option is objectively “superior”, for economic or social reasons,

but voters are unsure as to which is. Feddersen and Pesendorfer (1996, 1999) show that,

in such a context, uninformed voters may prefer to abstain fearing that their ballot could

lead to the selection of the “inferior” option. In a setting where voters have some intrinsic

preferences, Larcinese (2009) shows that the fear of being pivotal leads voters to acquire
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costly information. A number of other formal models of voting behaviour similarly built

around this relation between pivotality and the level of information (Matsusaka, 1995;

Ghirardato and Katz, 2002; Larcinese, 2009; Degan and Merlo, 2011; Oliveros, 2013).

Aware of the voters’ avidity for information, political parties and interest groups tend

to be particularly vocal prior to the election day hoping to clear the fog while trying to

sway some of the voters’ choices. Referendums create a market for information with high

demand but also high supply. As a result, and as shown in Benz and Stutzer (2004),

citizens are better informed when they have enhanced political rights. Yet, despite the

prevalence of information (which is even becoming costless) the desire to become informed

so as to cast the “right” ballot cannot be solely explained by the fear of being pivotal

which is associated with an almost zero probability. This paper provides an alternative

rationale as to how information can affect participation and voting.

We consider individuals who are guided by their intrinsic ideology and their aversion

to risk. The individuals’ intrinsic preferences are captured considering a spatial model of

voting for popular referendums. In this model, the choice options are positioned along a

one-dimensional policy space. Each individual has an ideal point which reflects the policy

that this person prefers to all other policies in the policy space. The referendum gives

voters a choice between two options, none of which they can locate with certainty. Risk

aversion is then captured relying on Hobolt (2009). Voters prefer the options that are

closer to their ideology but they dislike those which are poorly defined and uncertain.

In a European context, our setting captures a situation where voters are aware that

one option is generally more supportive of integration than the other. However, there is

uncertainty as to how much integration this option will lead to, as well as uncertainty as

to how little integration the other option will lead to (Walter et al., 2018). We therefore

capture the idea that there is a difference between what one person votes for and what

policy is actually implemented, even when this voter’s choice coincides with the selected
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option.

In relation to European integration, citizens can be uncertain for many reasons. They

may be unsure how other EU members respond when the country rejects more integration

or leaves the European Union. In both cases, the future relationship with the remain-

ing EU countries needs to be renegotiated. Similarly, it is unclear how great the loss

of national sovereignty is, i.e. the government’s ability to freely chose domestic policies,

when countries integrate more (Sattler and Urpelainen, 2012) or less. It is common that

treaty provisions need to be clarified and interpreted after a new integration proposal is

accepted. Even for well informed citizens, it is difficult to anticipate how the advances

or reversals of European integration will affect their country or themselves.3

What policies will be implemented are referred to as the true possible states of the

world. Clearly, while the overall policy will reflect the popular vote, its implementation

(and thus its precise location) will depend on many other factors such as the govern-

ment’s ability to negotiate, its composition and factors affecting the economic and social

context. We consider that there are two possible true states of the world which we de-

note LL and HH. In the HH state, the option implemented leads to more integration

than its equivalent in the LL state. One can motivate the fact that we consider only two

states of the world considering that some of the factors that affect implementation are not

dependent on which option ends up being selected. The assumption that participation

in the referendum is a process that promotes additional information supply is modelled

through a signal that those who decide to participate receive. This signal is potentially

informative as to which true state of the world is most likely to occur.

In this setting, we consider that the individuals take the following sequential decisions:

whether to participate and, if so, what option to vote for. The last decision enables

3We depart from the assumption in the existing literature that only the new treaty is associated

with uncertainty. By assuming that both options can be uncertain, our model is more general and thus

subsumes the existing models.
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each individual to express support for the option they prefer. Ultimately, it reflects the

voters’ ideologies but also their dislike for unpredictability. The decision to engage in the

referendum is taken by those individuals who value this process as one which incentivises

information supply and enables voters to gather potentially relevant information. In

other words, we consider that participation reflects the value individuals give to a process

that stimulates information supply. All individuals face the same gamble involving the

status quo and a new treaty. Those who participate are the individuals who believe

that this gamble is worth more when the selection process generates potentially relevant

information. Interestingly, we will show that despite the aversion to risk not all individuals

value the access to freely available information. Some decline to participate.

3.2 Model setup

Consider a policy space representing the set of policy options available in a particular

policy field. Without loss of generality, we assume that the policy space varies between

0 and 1. Applied to EU referendums, the policy space reflects the depth of European

integration. A value of 0 represents a situation, in which European integration ends, and

all member states continue as individual states. A value of 1 represents a situation where

Europe fully integrates into a federal state. Voters are distributed across the policy space

according to a probability distribution F (·). Each voter has an ideal point i, which, in

European politics, reflects the depth of European integration that the voter favors most.

Greater i represent more pro-integrationist EU attitudes.

In the referendum, citizens have the choice between two options with different (ex-

pected) positions in the policy space: t0 and t1, 0 < t0 ≤ t1 < 1. In the ‘Brexit’

referendum, for instance, option t1 represents the status quo, which is the current level of

European integration; and option t0 represents the proposal to leave the European Union,

which reduces the current integration level. In other, past integration referendums, such

as those on the Maastricht, Nice and Lisbon Treaties, the situation is the reverse: option

t0 represents the status quo, and option t1 represents the proposed treaty.
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The citizen’s decision problem is complicated by uncertainty about the consequences

of the two options. In our model, uncertainty about an option means that the outcomes

t0 and t1 are random variables. Their realization captures the level of integration that

will be implemented which is not perfectly predictable. We assume that there are two

possible true positions for each option. Specifically, t1 is either at a low (L) position,

t − ∆1, in which case the proposed option really leads to a moderate deepening of EU

integration, or at a high (H) position t + ∆1, in which case the proposed option really

leads to significantly more EU integration. Similarly, t0 is either at αt−∆0 or αt + ∆0.

Furthermore we assume that the joint distribution is such that there are only two pos-

sible states of the world: LL = (αt − ∆0, t − ∆1) and HH = (αt + ∆0, t + ∆1).
4 The

variables t, αt, ∆0 and ∆1 are common knowledge and such that αt + ∆0 < t−∆1 and

0 < αt − ∆0 < t + ∆1 < 1. In words, this means that voters know that t1 will lead to

greater integration than t0 and that the policy space captures all eventualities.

To keep matters simple, we consider that, a priori, each state of the world is equally

likely: Pr(HH) = Pr(LL) = 1
2
. It follows that, a priori, the expectations of t0 and

t1 are E(t0) = αt, E(t1) = t, while their variances are V (tω) = ∆2
ω. Hence the uncer-

tainty about an option is reflected by the size of ∆ω. When ∆1 increases, citizens are

more uncertain about the true consequences of option t1. When ∆0 increases, citizens

are more uncertain about the true consequences of option t0. This allows us to explore

what happens when one of these option is associated with more or less uncertainty by

increasing or decreasing ∆ω in the analysis below.

Citizens are risk averse and dislike uncertainty. To capture this feature we follow

Hobolt (2009) whereby individuals have a concave, quadratic utility function. This is the

conventional approach to modelling risk aversion in utility functions.5 Specifically, the

4In an extension in Appendix 3 we derive the results when the states (αt − ∆0, t + ∆1) and (αt −

∆0, t+∆1) are added to the preceding two. This extension shows the merits of keeping the model simple.
5See Hobolt (2009), ch. 2, esp. p. 49 and fn. 12.
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utility function of a voter located at i is based on voters minimizing the squared distance

from their ideal point i:

U(tω) = −(tω − i)2, (1)

where ω = 0 or ω = 1 for the two referendum options. Given this specification, the

expected utility about a particular outcome ω is given by the following expression:

E [Ui(tω)] = − (E(tω)− i)2 − V (tω). (2)

Because we use a squared distance in the utility function (1), the variance has a negative

impact on the utility—the more uncertain a voter is about an option, the less likely she

is to vote for that option.

Figure 1 illustrates this setup graphically. Euroskeptic citizens i1 and i2 are closer to

option t0 than to option t1 and, hence, should reject option t1. Eurofriendly citizens i4

and i5 are closer to t1 and, hence, should support this option.

-�

t0 t1i1 i2 i3 i4 i5

.i1: strong skeptic
i2: moderate skeptic
i3: indifferent voter
i4: moderate enthusiast
i5: strong enthusiast

Figure 1: Possible attitudes towards European integration

Citizens who engage in the referendum and decide to participate receive a signal

s = H or L, which informs them about the possible consequences of a positive or negative

outcome in the referendum. The signal is non-negatively correlated with the true position
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of the options, in line with existing strategic literature on information transmission and

learning (Schneider and Cederman 1994; Schneider and Weitsman 1996; Hug 2002, ch. 4;

Dür and Konstantinidis 2013).6 We consider that, a priori, each signal is equally likely,

Pr(s = H) = Pr(s = L) = 1
2
. This simply means that citizens do not know the content

of the additional news before they decide to participate and invest in information. The

joint probabilities are defined as follows:

Pr(HH ∩ s = H) = Pr(LL ∩ s = L) = p

Pr(HH ∩ s = L) = Pr(LL ∩ s = H) =
1

2
− p.

The variable p can vary between 1
4

and 1
2
. This joint probability is a measure of ac-

curacy or level of informativeness of the received signal. When p = 1
2
, then the signal

is fully informative about the true position of an option ω. When p = 1
4
, then the sig-

nal is not informative at all, citizens learn nothing about the true position of an option ω.

We can compute the conditional probabilities using the unconditional and joint proba-

bilities in the previous paragraph. This conditional probability represents the probability

that the true position of a referendum option is either high (HH) or low (LL), given that

the citizen receives a high or low signal. Following Bayes’ Theorem and given that either

signal is equally likely, it follows that

Pr(HH|s = H) = Pr(LL|s = L) = 2p,

while

Pr(HH|s = L) = Pr(LL|s = H) = 1− 2p.

6In our setup, all citizens who participate receive the same signal. It could be argued, based on

“echo chamber effects” of communication, that citizens are more likely to receive signals that are more

comforting given their own position (see, e.g., Bessi et al., 2015; Del Vicario et al., 2016). Appendix 4

outlines how our theoretical model would change.
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Notice that, within this setting, we also have

Pr(tω =H|s = H) = Pr(tω = L|s = L) = 2p.

Therefore, if p = 1
2
, the signal perfectly correlates with the actual position, and, once

the signal is received, the voter has perfect knowledge of the position of both referendum

options. If p = 1
4
, the opposite is the case, and the voter has as little information after

receiving the signal as she had beforehand. Put differently, the conditional probability of

an outcome after receiving the signal is identical to the unconditional probability of the

outcome before receiving the signal.7 This means that in the process of participation,

variance decreases, which reduces uncertainty about the absolute and relative positions

of the status quo and the treaty proposal.

The timing that all citizens face is as follows. First, at time T = 0, the government

announces a referendum. Citizens can vote for either option. Citizens are free to vote.

This means that in the second step, at time T = 1, citizens decide whether they want to

vote or not on the issue. When a voter decides to vote, she will invest in more information,

i.e. she will pay attention to the news, read newspapers, etcetera, to learn more about

the two options. By doing so, she receives the signal s. Finally, at time T = 2, citizens

who vote decide between t0 and t1 and cast their vote. As is customery in such sequential

models, we solve assuming that voters perfectly anticipate the outcome of the subsequent

period. In other words, when deciding whether to participate, all voters will perfectly

anticipate the outcome of the vote.

3.3 Voting in favor or against

As rational forward-looking voters, the decision to participate in T = 1 depends on the

vote choice in T = 2. We, therefore, begin our analysis with the decision to vote in

favor of any referendum option and then proceed backwards to analyze the decision to

participate or to abstain in the vote in the next subsection.

7To illustrate this differently, obtaining the information reduces the variance to V (tω) = 8p∆2
ω(1−2p),

such that if p = 1
4 , the variance remains the same and if p = 1

2 , the variance is zero.
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According to our setup, all voters receive a signal s which (when infomative) reduces

the uncertainty they face in relation to each option. The voter would vote in favor of

option t1 if and only if

E(Ui(t1)|s) ≥ E(Ui(t0)|s). (3)

By plugging (2) into (3) and solving for i, we can derive a threshold value, is, that

separates voters into supporters and opponents of the two options after receiving signal

s,

is =
V (t1|s)− V (t0|s)

2 [E(t1|s)− E(t0|s)]
+

1

2
[E(t1|s) + E(t0|s)] . (4)

Thus, if a voter is to the right of this position, i > is, she votes in favor of the option

proposing more integration, while otherwise she votes in favor of the option proposing

less integration.8 Therefore, subject to all voters participating, the aggregate probability

of the referendum passing is ρs = 1− F (is).

The expression for is implies that if there is greater uncertainty around the implica-

tions of one option than there is around the other, voters are less likely to vote in favor

of the former. The literature typically assumes that the consequences of new integration

proposals are more uncertain, given the highly complex nature of most European inte-

gration treaties. Similarly in the case of ‘Brexit’, the greater uncertainty is likely to be

around the UK leaving the EU, not the status quo. However, the reverse can also be

imagined. For example in Ireland in the Lisbon II referendum, a significant amount of

rhetoric revolved around the uncertain outcome if Ireland would not support the treaty,

given the dependency of the country on financial aid from European partners. In such

a scenario, the uncertainty around the status quo might be greater than the uncertainty

around the treaty, leading to increased support for the treaty.

8Strictly speaking, we might consider a voter deciding not to vote, after investing in information

acquisition, if i = is. This is, however, an infinitely small probability.
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Using our setup, the indifferent types for s = L and s = H are given by

is =
t2(1− α2) + (∆2

1 −∆2
0) + 2φt(4p− 1)(∆1 − α∆0)

2t(1− α) + 2φ(4p− 1)(∆1 −∆0)
, (5)

where φ = −1 when s = L and φ = 1 when s = H. Clearly, the division of voters is

impacted by the signal received (via φ), the precision of the signal (via p) and the variance

associated with each option. One can verify that we always have iL ≤ iH .9 This implies

that, subject to all voters participating, option t1 is more likely to be adopted when the

signal is low. Hence we have ρH ≤ ρL.

To test our hypothesis we can simplify matters and eliminate the noise added by the

signal and its precision.10 Considering that signals are uninformative allows us to focus

on the role played by the variances. When p = 1
4
, a voter supports the treaty (conditional

on voting) provided her position is such that

2ti(1− α) ≥ t2(1− α2) + (∆2
1 −∆2

0). (6)

The following hypothesis captures the main observable implication from this discus-

sion:

H1: Voters who participate in the referendum are more likely to vote against

the more uncertain option.

3.4 Decision to participate

Knowing how the voter would vote in T = 2, we can now examine whether she will decide

to participate or abstain in T = 1.

While the vote itself is an expression of an individual’s preference over the two options,

9Indeed, this inequality holds provided [(t − ∆1) − (αt − ∆0)][(t + ∆1) − (αt + ∆0)] ≥ 0, which is

always true.
10To capture the impact of the signal’s precision note that is = 1

2 t(1 + α) + φ∆(4p − 1) when ∆2
1 =

∆2
0 = ∆2. Thus, an increase in the precision of the signal widens the gap between iH and iL.

14



the decision to participate and engage in the referendum reflects the value given to the

additional information obtained when engaging more fully with the referendum. As

argued before, all individuals face the same gamble whereby they know that the new

treaty will be enacted with probability ρs when a signal s is sent to voters.11 Hence,

whether or not she participates, a citizen’s utility depends on the expected utilities of

the two options. Those who decide to participate receive the signal and get E(Ui|s),

while those staying at home get E(Ui|¬s).12 Therefore, an individual participates and

engages in the referendum if the signal sent to voters adds value to the gamble that she

faces—that is, if

E(Ui|s) ≥ E(Ui|¬s). (7)

Given our setting, the inequality above can be re-written as

∑
s∈{H,L}

[ρs (E[U(t1)|s]− E[U(t1)]) + (1− ρs) (E[U(t0)|s]− E[U(t0)])) ≥ 0

Using the expression for the utility, we calculate the above and find that a citizen

located at i participates provided

2iA−B ≥ 0, (8)

where

A = (4p− 1)(ρH − ρL)(∆1 −∆0)

and

B = 2t(4p− 1)(ρH − ρL)(∆1 − α∆0).

We have established that iL ≤ iH when the signal is informative, thus no matter who

decides not to participate (whether it is the voters at the extreme right or those at the

extreme left) we always have (ρH − ρL) ≤ 0. Therefore, the condition for participation is

11Subject to all voters participating, the aggregate probability of the referendum passing is ρs =

1− F (is).
12See Appendix 2 for a formal expression of E(Ui|s) and E(Ui|¬s).
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such that voter i participates provided

i(∆0 −∆1) ≥ t(α∆0 −∆1). (9)

The fact that this expression is linear in i means that the ones who choose not to partic-

ipate in the vote will be at one extremity. Thus the variance has a direct impact on the

decision to abstain or to vote. Let iP be the voter who is indifferent between voting and

abstaining. We can now analyse how this critical value changes when the variances of t0

or t1 change. Specifically, we have three cases, also depicted in Figure 2:

1. When ∆1 < α∆0, meaning that option t1 is associated with much less variance than

t0. We then have A > 0 and B > 0. The indifferent type is given by

iP =
t(α∆0 −∆1)

(∆0 −∆1)
.

Those who do not participate are located at the extreme left. When, in particular,

the variance associated with t1 is zero we have iP = αt = E(t0) and all voters

located to the left of the expected location of t0 do not participate. As the variance

associated with t1 increases and converges towards α∆0 participation increases.

2. When ∆1 ∈ [α∆0,∆0], meaning that the two options have close enough variance,

then we have A > 0 and B < 0 and all voters participate as 2iA−B > 0 for all i.

3. Finally, when ∆1 > ∆0, meaning that option t1 is associated with much more

variance than t0, we have A < 0 and B < 0. The indifferent type is given by

iP =
t(∆1 − α∆0)

(∆1 −∆0)
.

Notice that when ∆0 < ∆1 < ∆0
(1−αt)
(1−t) then iP > 1 meaning that everyone partic-

ipates. Otherwise, those who do not participate are located at the extreme right.

When, in particular, the variance associated with t0 is zero we have iP = t = E(t1)

and all voters located to the right of t1’s expected location do not participate.

This result shows that freely available information that reduces the uncertainty is not

valued equally by all citizens, despite their aversion to risk. The value added depends
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Figure 2: Graphical depiction of the theoretical model of voter turnout. ∆̄0 and
∆̄1 are boundaries that follow from the modelling assumption that
αt+ ∆0 < t−∆1—all citizens know which is the more integrationist
position, regardless of levels of uncertainty.

on the relative variances associated with each outcome. When the option that is closest

to one voter is associated with high uncertainty relative to her less favored option, this

voter loses interest in the referendum. While one option offers an outcome close to her

political ideology, its associated uncertainty reduces its appeal. Information that would

make both options more predictable is irrelevant to that voter. Hence, the variance in

itself is not a deterrent. Large discrepancies in the level of uncertainty is. Participation

is maximized when the two offered options have variances that are close enough. When

one of these is associated with a lot more variance it deters participation. Those who

do not participate are those with extreme views. Which extremity is affected depends

on which option is associated with more variance. Finally it is important to notice that

when the signal is not informative, that is when 4p − 1 = 0, then in either setting we

have that A = B = 0 meaning that participation is irrelevant for the utilities—we can

either say that everyone participates or no one does.
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The following hypothesis captures the main observable implication from this discus-

sion:

H2: Voters at the extreme end of the policy space on the side of the more

uncertain option are more likely to abstain.

4 Discussion

A main advantage of our modelling approach is that it does not rely on the assump-

tion that a voter fears the likelihood of being pivotal. Pivotality mostly matters in close

elections (Bursztyn et al., 2018), especially when uncertainty about the election outcome

(rather than the consequences of the election options) is large (Myatt, 2015). But piv-

otality is clearly not the main driver of turnout, and there is only weak evidence that the

voter is really assessing the probability of being pivotal (Grant and Toma, 2008). In our

model, pivotality is not important for turnout. Instead, turnout varies because of the

aversion towards uncertainty about the consequences of an option, which translates into

diverging utilities of participation and vote choice.

In addition, our model does not require a countervailing cost component that mo-

tivates voters to turn out, as is the case in the main alternatives to the pivotal voter

model. In ethical turnout models, for instance, voters face a cost of abstaining, which

arises from social pressure to vote and the fear that like-minded voters learn about the

voter’s failure to turn out to vote for their preferred party (DellaVigna et al., 2017). In

this class of models, greater turnout can affect the electoral advantage of large or small

parties and in this way produce a bias. But, unlike our model, this advantage is unrelated

to the ideological position of the party or referendum option (Levine and Mattozzi, 2018).

We also deviate from the assumption that there is a right and a wrong answer imply-

ing that there is an optimal decision for all. In previous models, the link between turnout

and choice arises when uninformed voters decide, out of strategic considerations, not to

18



vote. As a result, informed voters will make the decisions, and the outcome will be more

optimal from the perspective of the uninformed voter (Feddersen and Pesendorfer, 1996,

1999). But in many instances, there is no objectively right or wrong answer to a refer-

endum question. We, therefore, assume that the utilities differ between voters—either

based on political ideology or personal circumstances—and that the vote decision and

the importance of additional information varies between voters.

Relatedly, empirical research evaluates the conditions under which elections deliver on

information aggregation—on the extent to which overall aggregate results match the un-

derlying distribution of opinion in the public in a context of uninformed voters (Battaglini,

Morton and Palfrey, 2008; Kim and Fey, 2007; Lau and Redlawsk, 1997, 2001). As far as

information and uncertainty about the consequences of referendum options are related,

our model suggests that the outcome of an election is not the same when voters are

informed or uninformed. Especially when there is less information (and hence greater

uncertainty) about one option, the referendum outcome should be biased and not reflect

the underlying distribution of opinions.

5 Empirical analysis

5.1 The ‘Brexit’ referendum

We test our model using survey data that was collected before and after the ‘Brexit’

referendum in the United Kingdom in June 2016. This referendum is not only interesting

because of its great political importance, but it also provides a hard test for our theoret-

ical model. Due to the high political salience, turnout is this referendum was relatively

high for reasons that are complementary to our analysis. Under these circumstances, the

importance of uncertainty for turnout moves into the background because other factors,

like political duty and interests, played a decisive role for the decision to vote.

The ‘Brexit’ referendum survey is also useful for our analysis because it differs in one
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important respect from most surveys after European integration referendums: the panel

of referendum surveys before and after the ‘Brexit’ referendum asked explicitly about the

uncertainty concerning the referendum proposal (leave) and the status quo (remain).13

The question asked “How sure are you about what would happen to the UK if it left the

EU or if it remained in the EU?”, scoring each of the two questions on a four point scale

from “very unsure” to “very sure”.

Aside from the uncertainty variable, the key independent variable is the level of eu-

roscepticism or pro-European attitude i. In the same pre-referendum survey, the question

“Some say European unification should be pushed further. Others say it has already gone

too far. What is your opinion?” was posed, with the answer captured on an eleven point

scale from “unification has already gone too far” to “unification should be pushed fur-

ther”. We rescale this to 0-1 to align with our theoretical model specification of the

continuum of European integration. We proxy (E(t1)− E(t0)) using the question in the

same wave: “How much impact do you think that Britain leaving the EU would have on

the country as a whole?” This variable is measured on a five point scale from “no impact

at all” to “a very large impact”, which we rescale the 0-1, the theoretically maximum

distance between t0 and t1. The combination of these variables allows us to directly trans-

late the theoretical model into a set of regression equations that can be statistically tested.

Our analysis complements the studies that examine the main drivers of the ‘Brexit’ ref-

erendum. Consistent findings in this literature align with what we broadly capture in our

model with pro-integration attitude (i). Whether the analysis is performed at aggregate,

regional or individual level, the ‘leave’ vote is primarily driven by demographic factors

13We make use of the 2014–2018 British Election Study Internet Panel (Fieldhouse et al., 2015), using

variables from waves 8 and 9. In total 33,502 respondents took Wave 8, which was conducted by YouGov

between 6th May 2016 and 22nd June 2016. In total 30,036 respondents took Wave 9—27,555 of these

also took Wave 8, an overall wave on wave retention rate of 82.2%. Wave 9 was conducted by YouGov

between 24th June 2016 and 4th July 2016, right after the referendum on 23rd June 2016. Table A3 in

the appendix provides information on the number of responses for each relevant variable.
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such as age, education, and income (Hobolt, 2016; Vasilopoulou, 2016; Clarke, Goodwin

and Whiteley, 2017; Goodwin and Heath, 2016; Goodwin and Milazzo, 2017; Matti and

Zhou, 2017; Arnorsson and Zoega, 2018; Zhang, 2018). These factors largely correspond

to theories of European integration related to the idea of “winners” and “losers” of Eu-

ropean integration (Gabel, 1998; Tucker, Pacek and Berinsky, 2002). Indeed, regions

that are most strongly affected economically by globalisation in recent times were most

likely to vote for ‘Brexit’ (Becker, Fetzer and Novy, 2017; Colantone and Stanig, 2018).

Attitudes towards immigration and European integration also consistently pop up as im-

portant factors (Hobolt, 2016; Vasilopoulou, 2016; Clarke, Goodwin and Whiteley, 2017;

Goodwin and Milazzo, 2017). Our analysis takes these studies as a starting point and

examines how uncertainty about the referendum options factors into the political consid-

erations of voters.

Based on this literature, as well as earlier literature on referendum voting behavior,

we control for education, income, age, and gender. Table A3 in the appendix provides

summary statistics for all relevant variables.14 While there are many variables included

in studies on voter turnout (Smets and van Ham, 2015), these are the main variables

that can be expected to affect both levels of uncertainty and turnout and vote choice.

While controlling for second-order effects (Reif and Schmitt, 1980) is common in the

referendum literature, none of the main parties was clearly supportive of Brexit and all

parties were internally split—we therefore have no reason to expect significant differences

when controlling for party support.15 In her more general explanation of vote choice in

the ‘Brexit’ referendum, Hobolt (2016) includes a range of other variables in the empirical

14Pro integration is a 0-1 scale of pro integration attitudes; the Uncertainty variables 0-1 scales of

subjective assessments of uncertainty regarding the two possible outcomes, remain and leave, respectively;

Education is a dummy variable whether the respondent has a university degree; the Female variable is

a dummy variable; Age represents age in years; Income is an ordinal scale of income at fifteen levels;

Impact ‘Brexit’ is a subjective assessment of the impact of the ‘Brexit’ referendum on the country as a

whole.
15Including a dummy variable for support for an opposition party does not affect the estimates sig-

nificantly. Estimates available upon request.
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analysis, including identity, trust, affiliation, and attitude variables, but these are unlikely

to be confounders for the relationship between uncertainty and voting behavior.

5.2 Analysis and results

A full test of our model requires multiple regression analysis to include appropriate con-

trols and to incorporate the interactions between the components of our model as implied

by the theoretical model. Because of the two step nature of the decision to vote—first

whether or not to participate and then how to vote—we use a Heckman selection model.

For both choice problems, we use a probit Heckman model to estimate

Pr(yκ = 1) = Pr[y∗κ ≥ 0]

with κ = 1 for the turnout model and κ = 2 for the vote choice model, and where y∗κ is a

latent utility that follows from the theoretical model above. In the selection component

of the Heckman model, the dependent variable y1 takes the value 1 if a voter turns out to

vote and 0 if not. In the outcome component, the dependent variable y2 takes the value 1

if a voter supports the integrationist position, i.e. she votes ‘remain’, and 0 if she rejects

integration, i.e. she votes ‘leave’.16

Our model specification is directly derived from the theoretical model. The latent

regression for participation is17

y∗1 = β0 + β1i(∆0 −∆1) + β2∆0 + β3∆1 + β4i+ x′1β5 + ε1, (10)

where x1 is a vector of control variables. This is equivalent to equation (9) as we show in

16No survey weighting was applied in the analysis. Survey weighting is primarily important when

focusing on descriptive statistics or when correcting for explicit sampling schemes. Here we use multiple

regression models, while the respondents are not purposely sampled based on the relevant outcome

variables in the model. Nevertheless, there is potentially a correlation between participating in the

referendum and participating in the survey, and we do indeed oversample voters. Endogenous sampling

is a motivation to apply survey weights (Solon, Haider and Wooldridge, 2015). Table A2 provides results

when applying weights based on turnout, using a linear probability model for the vote choice.
17For the sake of readability, subscripts indicating the respondent have been omitted.
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Appendix 5. In our empirical estimation, we leverage survey questions assessing i, ∆0 and

∆1 directly, while we take E[t0] and E[t1] to be incorporated in the regression coefficients

for the ∆0 and ∆1 independent variables, respectively. It should be noted that in our

theoretical model, ∆0 and ∆1 do not vary by voter. We take the individual answers to

the survey questions as individual assessments of this aggregate level of uncertainty. Note

that since 0 < t0 ≤ t1 < 1, we can assume E[t0] and E[t1] to be positive and therefore

provide expectations with regards to the signs of the coefficient estimates. Indeed, our

theoretical model suggests that β1 > 0, β2 < 0 and β3 > 0. The latent regression for vote

choice is

y∗2 = γ0 + γ1(∆
2
0 −∆2

1) + γ2(E[t1]− E[t0])i+ γ3i+ γ4(E[t1]− E[t0]) + x′2γ5 + ε2, (11)

where x2 is a vector of control variables. This empirical specification follows directly

from equation (6). Since we assume that voters are aware that t1 > t0, we can take

(E[t1] − E[t0]) to be the equivalent of |E[t1] − E[t0]|, and therefore use the question on

the impact of the referendum on the UK as a measure of this difference.

Table 1 presents the main result from our model.18 We first turn to the selection

mechanism of the model—the turnout equation. The derived model specification sug-

gests that there should be a positive impact of the interaction between ideal point i

and the difference in uncertainty between the ‘Brexit’ option and remaining in the EU,

respectively, (∆0 − ∆1). With or without control variables, we find indeed a strong,

positive effect. This provides direct support for H2, which summarises this interaction,

stating that for pro-integration voters (high i), greater uncertainty around remaining in

the EU (∆1) should lead to lower turnout, and that for anti-integration voters (low i),

greater uncertainty around leaving the EU (∆0) should lead to lower turnout. Looking

separately at the impact of uncertainty, we find the expected negative effect for β2, but

not the positive sign on β3.

18We make use of the Toomet and Henningsen (2008) package in R for our estimations.
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(1) (2)

turnout remain turnout remain

Pro integration (I) −0.459∗∗∗ 3.411∗∗∗ −0.339∗∗∗ 3.445∗∗∗

(0.053) (0.133) (0.075) (0.167)
Uncertainty Remain (∆1) −0.193∗ −0.204

(0.106) (0.158)
Uncertainty Leave (∆0) −0.379∗∗∗ −0.244

(0.108) (0.162)
I × (∆0 −∆1) 0.542∗∗∗ 0.703∗∗

(0.179) (0.270)
Impact Brexit (t1 − t0) 1.338∗∗∗ 1.397∗∗∗

(0.076) (0.110)
(t1 − t0)× I 1.597∗∗∗ 1.415∗∗∗

(0.169) (0.220)
(∆2

0 −∆2
1) 1.287∗∗∗ 1.216∗∗∗

(0.058) (0.081)
N 21,607 13,388

∗p < .1; ∗∗p < .05; ∗∗∗p < .01

Table 1: Heckman selection models for voting behavior in the ‘Brexit’ referen-
dum. Both the selection mechanism, turnout, and the outcome, voting
for remain, are modelled using probit regression specifications. Model
2 includes controls for education, gender, age, and income, which are
omitted from the table.
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Secondly, we investigate the outcome component of the model—the vote choice equa-

tion. Hypothesis H1 states that the greater the uncertainty around ‘Brexit’, relative to

the uncertainty around the status quo, the greater the probability of a vote in support of

remaining in the EU, and vice versa. Here we look at the model explaining vote choice,

in this case a probit regression explaining a vote in support of remaining. Following our

derivation of the theoretical model, we should find that there is a positive interaction

between ideal point i and the difference between the status quo t1 and leaving the EU t0

and we indeed find a strong, positive coefficient, with or without control variables. Sec-

ondly, we expect that greater uncertainty around the ‘Brexit’ option should lead to more

support for the option to remain in the EU, i.e. we should obtain a positive coefficient

on (∆2
0 −∆2

1), which we do. We therefore find strong support for our theoretical model,

and H1, based on the regression analysis.

Given the outcome of the referendum, one expects a model that shows how turnout

and uncertainty generated the ‘Brexit’ outcome. Instead, our empirical analysis shows

how uncertainty and turnout reduced support for ‘Brexit’. The key insight from this

analysis is that British voters are sufficiently sceptic of European integration that had

they been less uncertain about the consequences of the ‘Brexit’ option, the result would

have been even more strongly in the ‘Brexit’ direction. High levels of uncertainty around

the ‘Brexit’ option reduced turnout and made some moderate supporters reluctant to

vote leave.

It should be pointed out that the interpretation of an interaction effect in a bi-

nary choice model is notoriously problematic (Ai and Norton, 2003; Berry, DeMeritt

and Esarey, 2010), due to the inherent interactions between all exogenous variables in

a non-linear model. Ai and Norton (2003) demonstrate how a positive and significant

coefficient on an interaction term is neither a sufficient nor a necessary requirement for a

positive interaction effect. Indeed, in our turnout model specification we find a positive

and significant interaction effect when we use a non-linear logistic or probit regression,
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but we find a negative and significant interaction effect when we use a linear probability

model (see Table A1 in the appendix). It is important to point out, however, that Ai and

Norton (2003) focus on the expected value of the outcome variable, thus the impact of the

exogenous variables on the probability of observing a positive outcome. Our theoretical

model, however, does not stipulate that the probability (y), but that the underlying util-

ity function (y∗) is affected by the interaction term. In this case we can directly interpret

the coefficient in the probit model (Berry, DeMeritt and Esarey, 2010, 261).

5.3 When one side stays home

We have demonstrated how uncertainty, partly through turnout, resulted in weaker sup-

port for ‘Brexit’ than might have been, given British attitudes towards integration. This

also shows the importance of incorporating turnout in empirical models explaining ref-

erendum voting behavior. Here we will evaluate the extent to which ignoring turnout

biases aggregate empirical predictions of the referendum vote.

To do so we estimate predicted vote probabilities for a hypothetical set of voters,

who are at the median of all variables, but vary on pro-integration attitudes and (rel-

ative) levels of uncertainty. For these we calculate predicted probabilities to vote in

favor of remaining within the EU based on only the outcome component of the Heck-

man model. We then calculate predicted participation probabilities based on the selec-

tion component multiplied by the probability to vote ‘remain’. Figure 3, on the left,

shows the difference in predicted probabilities when only looking at the vote choice

model, or when including turnout probabilities—i.e. by calculating P (remain vote) =

P (remain vote | participation) · P (participation).19 This can lead to an overestimate of

the support for the ‘remain’ option by up to approximately 20%. When looking at the

more common situation of slightly greater uncertainty around ‘Brexit’ than around the

status quo, we still overestimate the ‘remain’ vote by 8%. Given that the ‘Brexit’ op-

19Curves are smoothened curves using the generalized additive model implementation of the

geom smooth() function in Version 2.2.1 of the ggplot2 library in R (Wickham, 2015), using second

order polynomials.
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Figure 3: Overall overestimation in impact when ignoring turnout for the
‘Brexit’ referendum, using smoothened curves. The difference is cal-
culated as the probability of a ‘remain’ vote calculated for voters only,
minus the probability of a ‘remain’ vote multiplied by the probability
to turn out. On the left predicted vote for ‘remain’ based on median
values on all remaining variables, on the right based on the empiri-
cal distribution of all variables in the sample. Thickness of lines is
proportional to the frequency in the sample.

tion won by 3.8 percentage points, a prediction error of 8 percentage points is substantial.

An alternative approach is not to take a hypothetical population keeping variables

at their median, but to use the sample distribution of the survey to calculate predicted

probabilities. A similar plot can then be produced, which is available on the right in

Figure 3. Here the misestimation is even larger. For those voters who are very uncertain

about remaining within the EU, but quite confident about the situation in the UK after

‘Brexit’, we dramatically overestimate support for ‘remain’. This is of course a rare

combination—26% of the respondents are more uncertain about ‘Brexit’ than about the

status quo, while the reverse is true for only 9%. Based on the empirical distribution

of covariates, we therefore expect that the overall support for the ‘remain’ option in

the referendum is overestimated by up to 7 percentages points when only vote choice

and not turnout is taken into account. On average, across all voters in the sample, the

overestimate is 2.7%.
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6 Conclusion

We present a new theoretical model describing how uncertainty in a referendum impacts

twice, affecting turnout and vote choice, and in a direction that exacerbates the impact

on the overall outcome of the election. The model predicts that voters who generally

prefer one of the two options, but who are positioned far away from both options, tend

to abstain when uncertainty about their preferred option is large. Greater uncertainty

about its consequences not only reduces the value of an option, but the difference in value

between the two options also vanishes for more ‘distant’ voters. Uncertainty, thus, has a

double effect: potential supporters of the treaty are less likely to vote; and citizens who

vote are less likely to support the treaty.

Our theoretical model assumes risk averse voters and avoids assumptions more com-

mon in existing theoretical models. Most current models assume that the voter calculates

the probability of being pivotal—a probability that is in fact always negligibly small. Fur-

thermore, they assume an optimal outcome for all voters and a rational calculation by

voters to obtain the optimal outcome. Our model is therefore a significant contribution to

the theoretical literature on turnout and vote choice in binary elections and referendums.

We evaluate our theoretical model using a survey after the ‘Brexit’ referendum in the

UK. The empirical analysis not only confirms our theoretical expectations, it also provides

new insights into voting behavior in the referendum. We find that turnout among ‘Brexit’

voters would have been higher and even greater numbers would have voted for ‘Brexit’, if

uncertainty around the ‘Brexit’ option had been smaller. Our analysis also demonstrates

the importance of taking turnout into account when explaining or predicting voting be-

havior. In the ‘Brexit’ referendum, ignoring turnout leads to an overestimation of support

for the status quo by 2.7% on average across our sample—and much higher for particular

groups of voters.

We apply the model to the ‘Brexit’ referendum, but the theory is general. It can be
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applied to any referendum or election with two candidates or two parties. In fact, the

original inspiration for this paper were the referendums on the Nice Treaty in Ireland in

2001–02, where a change in turnout resulted in a radically different outcome when the

same referendum was repeated a year later. We thus continue the endeavour by Sanders

(1998) and Sattler and Urpelainen (2012) to encourage empirical researchers to combine

turnout and vote choice in single model specifications. Extensions to multi-party settings

are left for future research.

The findings do not only affect how we should model voting behavior in referendums

and elections with two candidates, but it also has implications for democracy and legit-

imacy more generally. The magnified role of uncertainty in referendums suggests that

creating confusion and providing misinformation—or “fake news”—can be a successful

strategy in referendum or election campaigns, which undermines the deliberative qual-

ity of the democratic process. Secondly, the mechanism as outlined in our model leads

to a misalignment between the referendum outcome and the preference distribution of

the electorate, whereby a minority potentially manages to impose its preferred option

although a majority would be better off with the losing alternative.
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