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1 Introduction

Elections under majority rule are everyday business in modern demescr&Vhether it is
small scale as electing the chairman of a sports club @& $a@e when electing governments
or casting a vote in a referendum. When looking at the big electidhe st years, be it the
election of the European Parliament of 2004 or the Bundestagswahl of 20@anooieserve
declining voter turnout. This is why e.g. Australia has introduced magdaiting. The main
reason for mandatory voting is to ensure that governments represeajodty of the
population and not only those parts of the population that want to expresspinens. But
there are also arguments against compulsory voting, e.g. espgmzalhje who are not
interested in politics resent the idea of being forced to vote.tlgxtis point raises an
interesting question about compulsory voting. People who are not intenegtetitics are
usually not very well informed about political issues. When those paopléorced to vote,
how do they vote? Do they inform themselves about political issuesbefong or do they
vote randomly? Or does voluntary voting constitute a better solution adenasied

uninformed people have the chance to abstain?

There are only few models in the literature which address thstignesuch as Krasa and
Polborn (2004), who compare among other the effects of mandatory and volatiagyin a
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costly voting model. Most of the existing voting models are based oastgemption, that
every voter already has a piece of information about which outconme eléction would be
best. But, as already acknowledged by Downs (1957) voting is costly & wagnand that
those costs originate from the process of information gathering,nbeaisured in money or
time. When costs are involved in most models they are attached votthg process itself
(e.g. Borgers, 2004), seldom to the act of becoming informed as in Martinelli (2004).

In this work we will develop a simple common values voting model wittbgenous private
information in order to examine if compulsory and voluntary voting haverdiit influence
on the information acquisition behaviour of voters and consequently on the informa
aggregation properties of the simple majority rule. We will shioat both forms of voting
institutions have indeed different incentives for voters to acquire ni@fibon and thus

different effects on the information aggregation properties of majority ruilegvot

In a next step, we will design and conduct an experiment which we tawaexamine with
whether or not our model is able to predict the actual behaviour of indsidla our

knowledge, this is the first experiment examining the informatguigition behaviour under
different voting institutions. The results we gather from the experiment gmessugly clear.

In the next section we will give a short survey on the literattmieh our work is based upon
and the motivation for it stems from. In section 3 the theoreticaleinof the voting game
with costly information acquisition is developed in three steps,irgjawith the classic
Condorcet model and extending it further, first by introducing costafaiinformation and
then by permitting abstention, in order to be able to answer the quastiamd. After that,
we will briefly compare the models and their ability to aggtegnformation. In section 4 the
experimental set-up and design are presented followed by the arwdlise results in section
5. The last section concludes with a summary of the insights ik @onveys and an

outlook on what could be subject to further research in the future.

2 Related Literature

The literature related to this work deals with the informatiagreggation in group decisions,
the question of abstention in voting processes and the existence pfidasthation. A very
good recent survey of the literature about decision making and informatiquisition is



Gerling et al. (2003). They summarize the most important aspedtse aopic including

strategic voting, abstention and incentives for information acquisition.

One of the first models applying a game-theoretic approach tadhp decision process and
introducing the notion of strategic voting is Austen-Smith and Banks (1B%6)xhown that
under some circumstances the information aggregation of group decisions are no lihger va

Feddersen and Pesendorfer (1996) introduce a model of a two-candid@be eléb private
information and common values. They model two different kind of voters:meidrand
uninformed voters. The informed voters know the true state of the wotld alsolute
certainty, while the uninformed voters only have a prior belief aboutrtiee state of the
world. Although the prior belief of the uninformed voter is a strictgpemce for one of the
candidates they show that the uninformed voter has an incentive tonahktaugh voting is
costless, so that an informed voter is always more likely to thate an uninformed voter.
They call it the “swing voter’s curse”. Feddersen and Pesend@f86, p. 418) are also the
first suggesting to introduce endogenous information to voting model. Hovadvbie same
time they argue this extension to be of little interest as waotlgrs with information cost zero
would acquire information. Feddersen and Pesendorfer (1997) examine votaolnelmaa
two-candidate election, where all voters are uncertain about thetateeof the world. They
find that when individuals vote strategically information is aggreg) effectively. Feddersen
and Pesendorfer (1998) introduce another two candidate model with cosbli@sg.
Preferences are diverse and abstention is possible. They find Hpétede fraction of the
electorate will abstain, the election still effectively segates the private information of the

voters.

There are several papers which concern themselves with endogenfamnggation in voting

models. One of them is Persico (2004) which deals with two parartatrdetermine the
incentive to acquire information. The first one is the size of tketaate. The second
parameter is the voting rule. The model is also a binary voting matielre a so called
mechanism designer picks the the size of the jury and sets thg wale. Information in this
model is costly and the costs are fixed. The model is analyded tine optimal jury size and
the optimal voting rule. A similar approach to analysing the infaomatggregation
properties of electorates by altering group size is chosen dy {2004). Information is

costless, but abstention is allowed.



Another model of costly private information is Mukhopadhaya (2003) whenafthrenation
of a jury member depends on the size of the jury. It uses thedtiustimage of the juror
who pays less attention as the jury gets larger, thus presémfomgnation acquisition as a
free-rider problem. Jurors can pay attention and become informegaitcist. When nobody
pays attention the decision made is incorrect. In the basic versiadheoimodel the
information is perfect. In the extension of the model the signalpsrfect in the sense that it
does not reveal the true state of the world with absolute cert@imyuninformed jurors have
a chance of observing the voting decision of the informed jurors so #reyase their
decision on that information. The result of this model is that whennnafioon is costly the
smaller jury performs better as it makes fewer mistakks. probability of paying attention

decreases in jury size.

Martinelli (2004) develops a model of costly information aggregatidreravthe cost is not
fixed and the quality of the information about the true state of twdvdepends on how
much an individual spent for it. Abstention is not allowed in this moded.dtformal model
of rational ignorance hypothesis stated by Downs (1957, p.246), according to eddl
individual who realizes that her vote has negligible effect on treooé of the election will
invest little or nothing in the acquisition of information. This rewullt play an important role
in the later analysis of our own model. In contrast to Mukhopadhaya (20€8) model of

Martinell (2004) increasing the group size does increase group performance.

Feddersen and Sandroni (2004) choose a totally different approach and fleniatee path
of game theoretic and statistical models to develop a model oéktoters who vote out of a
sense of civic duty. They show that a significant fraction of tleet@ate acquires
information, although even with negligible costs, a portion of the ebgetatill remains

uninformed.

Borgers (2004) describes a model of costly participation and privdtesvavhere they
identify an important negative externality of participation. Ghasal Lockwood (2003) pick
up that idea and examine costly voting in a common value environment, fendiadditional
positive informational externality which tends to outweigh the negaparticipation
externality. In a different approach with a combination of privateesland heterogenous

beliefs Ghosal and Lockwood (2004) find excessive participation.



There have been few experimental studies on information aggregatgnoup decisions.
Guarnaschelli et al. (2000) conducted experiments on jury decision ttahtesheory
developed by Feddersen and Pesendorfer (1998) and their finding that juioes geetter
under unanimous rule than under majority rule. The experiments remeanties to vote
strategically under unanimous rule and that the theoretical poedictire roughly accurate.
Another experiment by Ladha et al. uses a special design thascstustegic voters to vote
insincerely, i.e. not according to the signal they receive. The pugdabés design was to
find out if juries solve a coordination problem: Because every jumlmee voting insincerely
would lead to inferior outcomes the members had to coordinate who theeiresvoter would
be. The results show that most of the groups managed to coordinate anbettgreups

performed better than any individual.

While there has been recent work concentrating on costly acquisitijorvate information
and the possibility of abstention seperately, there is no known paper pidiie those two
aspects togethet. In the following section, we will develop, steptdy;, & model which

incorporates both costly private information and the possibility of abstention.

3 The Voting Game Wth Costly Information Acquisition

In this section we will, step by step, develop the model which isgwexr the question of
whether elections aggregate private costly information whenrdiostes possible. In the first
subsection, a game theoretic approach to the Condorcet Jury Theokrdém wifoduced as a
starting point of our analysis. Next, the model will be extendedhtbgducing costly private

information. And finally, the model will be further refined by permitting abstention.

3.1 The Condorcet Jury Theorem

The first, and most famous, approach to information aggregation in ¢t@naecision-
making, and the starting point of our analysis, is the Condorcet Jurgrefhe(CJT),
developed by Marquis de Condorcet in 178khis theorem states, in short, that in a binary
decision situation, where two alternatives A and B exclude each atigeall individuals

share common values, i.e. all individuals prefer one of these alv@maiver the other, a

2 For a discussion of the Condorcet Jury TheoremMiter (1986), Young (1988) and Ladha (1992).



group performs better in deciding which alternative to choose underityajde than any
one individual does, i.e. the probability of the group choosing the correntatlve is larger
than any individual’s. Furthermore, the probability of the majority ofgtweip voting for the
better alternative approaches 1 as the group size goes to ifBlatk, 1958, 164f.) which
according to Picketty (1999, p. 793) is “a trivial consequence of thefléavge numbers, but
it is powerful.” The original work of Condorcet was merely aistiaal model which assumed
that every individual in the electorate makes the decision d®ifmere acting alone. This
assumption was often criticised in recent literature such ate®nith and Banks (1996)
who presented a game theoretic approach which introduced the notiontegistreting,
where each individual takes into account the behaviour of every other indiwvithes

making her own decision.

3.1.1 The Basic Model

The following model and its solution are based on the descriptions bgrA8stith and
Banks (1996) and Wit (1997). There are two possible states of the waoaladdAB, with
s={A B} denoting the set of states. There is also a gobup individuals, N ={12,...,n};
assumen is odd. None of these individuals knows the tria¢esof the world, but all of them
hold a prior beliefn (0<77<1) that the true state is A, and a prior beliefn that the true

state is B. Because individuals are initially tiytaincertain about the true state of the world,

assume thatr = % )

Further, there are two proposals, also labelleché B, with X ={A, B} denoting the set of

alternatives. Each of the individuals has to vote for one of these proposallsindividuals
vote simultaneously, so no individual knows theevot any other individual until all votes
are cast. The proposal being chosen is determigigddority rule, i.e. the proposal which

receives the most votes from the entire group iseh’

Individuals have common values, i.e. their prefeesnregarding the proposal being chosen
are identical. Every individual prefers the groupasing proposal A when the true state of

® More generally speaking, the proposal which rezeiat least (more than one half) of the votes is

chosen by the group.



the world is A, and choosing proposal B when the state of the world is B. Formally, for
each individuali I N this is described by the utility functidsh, : X xS R:

U, (A A)=U,(B,B)=1 andU,(A B)=U,(B,A)=0.

The first argument of the function describes therahtive being chosen by individuialand
the second argument describes the true state @fdHd. Thus, if the selected alternative and
the true state of the world are the same, individuaeceives a utility of 1, otherwise she

receives a utility of O.

Before individuals actually vote, each of them reeg a private signat, from the signal

spaceT ={a,b}. The signal an individual receives determines theividual's type. The

signals are drawn independently from a state-depdrdistribution with

P[t, :a|A]:an(%,1} and P[t, =b|B]=q, D(%,l]

so that it is more probable to observe sigaah state A and to observe sigralin state B,

that isq, and g, are the probabilities of signal andb, respectively, revealing the true state

of the world. Assume thad, = q, = q, i.e. the accuracy of both signals, given the siate

of the world, is the same. The individuals do nmhunicate their private signals to others,
so they only choose the proposal to vote for onlhsis of their prior belief, which is
common knowledge, and their own private signal. Tdssumption of not allowing
communication is a stylized description of situatiavith costly communication, such as an
experts committee where the members are in diffgrhysical locations (see Persico, 2004,
p.170). Often, it simply takes time to communicat®’s opinion which represents a cost as
well. If perfect communication were costless théng mechanism would be “an immaterial

veil that members see through.”

To summarize, the timing of this basic model iscdlews:
1. The state of the world is realized.

2. Everyindividuali receives a private signgl which reveals the true state of the world

with probability q (this signal determineiss type).



3. Every individuali must vote for either alternative A or B.
4. The alternative which received the most voteseilected (simple majority rule) and
the individuals receive a utility according to twrectness of the group decision.

The voting game described above is a static gartte imtomplete information, also called

Bayesian game.

3.1.2 Equilibrium Behaviour

We now turn to the voting strategy an individuals going to adopt in this voting game. In
doing so, we follow the derivation of Wit (1997;.pf3) while adjusting his rather general
model to our specific model parameters.

An individual’s voting strategy is a functioa; from the space of functions:T — [O;L].

This function relates to every individuala probability of voting for proposal A wheris
type isa and a probability of voting for proposal B whe's type isb. Following Feddersen
and Pesendorfer (1996, p.412) we only consider stnenstrategies, i.e. individuals of the

same type (receiving the same signal) use the stiategy. Thus, we can write
o,(a)= p, ando; (b) = p,.

All those strategies of every individual taken together constitute a strategy profile
o=(0,,0,,0,,...,0,). In order to find the equilibrium strategy for kamdividual i, we
adopt the concept of Bayesian Nash Equilibriumedsdd in Wit (1997, p. 71): “A Bayesian
Nash Equilibrium is a strategy profie" such that

*

E[ui\a;,aii,ti]z E[Ui\ai,a_i,ti] ,0i0ON,o, Ot OT."

Each individual's strategy must be a best respdasthe other players’ strategies. Each

individual i, given the optimal strategies’, of every individual other than, chooses for

* For a detailed description of the notion of a Bdge game and its normal-form representation, sge e
Gibbons (1992, pp. 143-149) or Osborne (2004, @B-230).

® The derivation of Wit (1997) is closely relatedtkmt of Austen-Smith and Banks (1996), who onlgathfor
pure strategies, though. Wit (1997) also derivesx@d-strategy solution.



every possible typé of i a strategyo, such that her expected utility is equal or lartan
the expected utility resulting from any other st o, thati could choose. Because this

condition must hold for every individual no individual wants to change her strat@gy.

The Bayesian Nash Equilibrium condition can be $iired by considering that in voting
games like this an individual is only concernedhwhier strategy in situations where she is
pivotal, i.e. situations where the individual’s paular vote makes a difference in determining

the outcome of the group decisibrunder majority rule, this occurs only when the esth

e L . -1 .
individuals generate a tie situation: one halflef bthers (nT) votes for alternative A and

the other half(r%l) votes for alternative B. As in Wit (1997, p. 7t definePiv, (o) as

the event of voter being pivotal given that the others use strategy Thus, the reduced

equilibrium condition is

*

E[Ui\ai*,Pivi ()] = E[Ui\ai Piv, (o7, )t} 0iON,0, 05, OT.

This condition is trivially satisfied if all othandividuals ignore their signal and vote for
alternative A, i.e.o, (a):l—aj (b)=p, =1-p, =1,0j #i or if all other individuals ignore
their signal and vote for alternative B, i.er, (a):l—aj (b)=p, =1-p, =0,0j #i .
According to Ghosal and Lockwood (2003, p. 7) this weakly dominated strategy and can
be eliminated. There are other strategy profilegcvisatisfy the equilibrium condition and

make any individual pivotal in certain situations.

First, we need to compute the expected utilityating for either alternative for individual
In order to do that, the probability of the statebeing the true state of the world, given

individual i has received signa| and is pivotal, needs to be calculated using Bayés®

® Different formulations of the definition of a Basian Nash Equilibrium can e.g. be found in Gibb¢ir92, p.
151) or Osborne (2004, p. 281-282).

" By situation we refer to the particular list otiaos that the other individuals take.

8 A derivation and definition of Bayes’ rule as wa#l an illustrative example can be found in Osb¢2084, pp.
502-504).
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PHPIV —. ] P[S]Pl_PIV( )t|sJ

PI_PIV( )tJ

Individual i 's expected utility of voting for alternative A gw the signal received and being

pivotal can thus be computed as

Pls= AlP|Piv (o, ) t,]s = Al
PPiv, (0" )1,

Pls=BJP|Piv, (o, )t,|s=B]
plPiv; (o7, ).t,]

; PlPiv, (o, ) t|s= A

PlPiv, (07 )]

E[u (As) Piv (o ] U,(A A)

+U, (A B)

Similarly, individual i’'s expected conditional utility of voting for alteative B can be

calculated:

; PlPiv. (o7, )t;|s = B]

PlPiv, (o, )t,]

e, (B.5)Piv, (07 )1, ] =

Individual i now has to compare these expected utilities taddeshich strategy to choose.

She will vote for alternative A if

E[Ui (A s)‘Pivi (aii ),t ] > E[Ui (B,s)‘Pivi (aii ),ti],

i
and she will vote for alternative B if

Elu, (A s|Pivi (o)), | <e,. s|Pivi (o)), |
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When both expected utilities are equal individuas indifferent between the two alternatives
and will adopt a mixed stratedy.

We define a functiont,) which measures for each individual i s proportional difference

between the expected utility of voting for altematA and voting for alternative B, given
both the signal received amdeing pivotalt’

wt,) = Eu, (A5)-U, (B s)Piv; (¢ )] PlPivi (o7, )]

= % P[Pivi (Jii ),ti |s= A] —% P[Pivi (Jii ),ti |s= B]

Furthermore, because the probability of receivilgna t, and the probability of being

*

pivotal are ind(—:‘pendenP[Piv(J_i ),ti|s] :P[Piv(aii)s][P[th] and the probability of an
individual i being pivotal when the other—1 individuals adopt the strategies., given

state s, is

=

P[Pivi (" )s] =

.[n—
min| —=
n-1 2

k;o j o’k (nlzljp[als]k(l— Plals])"™**
xm P pa)k_j(T‘ J'J(l- p)z g .

This formula looks rather complicated, so we décrit in detail. The numbek of
individuals receiving signala can be any number between 0 anel. It follows that
n-1-k individuals receive signd. Now in order to make individual pivotal, one half of

the other individuals must vote for alternative #ddhe other half must vote for alternative B,

so when | of the k a-types vote for alternative A thegg—l— j of the b-types must also

° A mixed strategy is a probability distribution ovieasible actions, which in our context are “vgtifor

alternative A” and “voting for alternative B”. Fardetailed description of the notion of mixed sigits and an
illustrating example, refer to Gibbons (1992, p-33.

1% Wwe are only interested in the sign of the diffeesifor if it is zero), not in the magnitude of thiéference.

That is why it suffices to consider the functiuv(ti ) :
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vote for alternative A' The remainingk — j a-types andn—;l—k—j b -types vote for

alternative B** The number ofa-type individuals cannot be larger than the numtfea -

typesk or larger than one half of the other individu&hat isnT_l.

As Wit (1997, p.107) shows, in equilibrium, the Ipability of ana-type individual voting for
alternative A is strictly larger than the probalilbf a b -type individual voting for alternative
A (p, >1-p,), which impliesw(a) > w(b). This finding precludes the possibility of both
types of individuals using a mixed strategy: Thaildgrium condition of any typd, using a
mixed strategy ismMt, ) = 0. Both types using a mixed strategy thus would mefa) =0 and
w(b) = 0, which in turn violates the relationshig(a) > w(b). So we still need to examine the
possible equilibria in pure strategiep, (= p, = ) dnd in, as Wit (1997, p. 73) calls them,
“hybrid strategies”, where one type adopts a ptnaegy and the other type adopts a mixed
strategy (p, = landO< p,< 1 or p, =1land0< p, < J).

We first turn to the pure strategies equilibriumhé&M individuals adopt the strategips = 1
and p, = 1 they vote according to the signal they receivalowing Persico (2004, p. 171)

we say that when an individual's vote replicates bignal she votes sincerefy.The

equilibrium conditions in this case am{a)>0 and w(b) < 0,'* which are always satisfied.

' Remember thatp, is the probability of ara -type individual to vote for alternative A ar(él— pb) is the
probability of ab -type individual to vote for alternative B. Conseqtly (1— pa) is the probability of ara -

type individual to vote for alternative B ang, is the probability of & -type individual to vote for alternative
B.

n- .
2 When there aren —1—-K individuals who receive signal bT — ] of which vote for alternative B, the

remaining b-types voting for alternative B result rom
- . -2-n+ . - .

n—l—k—[n 1_Jj:2n 2-n 1_k+J:n 1_k+J
2 2 2

3 Some authors, such as Austen-Smith and Banks J189® Wit (1997), use the expression “informative”
voting, when an individual votes in accordance vhién signal, because the vote conveys informatimutthe
individual's signal to others. Moreover, Austen-8mand Banks (1996, p. 36) use the expression égsific
voting to describe an individual voting for theeaftative yielding the higher expected utility, givieer signal, if
she alone were making the decision.

* The expected conditional utility of an a-type idual voting for alternative A must be larger thahen

voting for alternative B, hencéw(a)> 0. Likewise, the expected conditional utility of atype individual

voting for B must be larger than when voting faeatative A, hencel\l(b) <0. In contrast to Wit (1997) we
only allow for strict inequalities.
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The conditions for the hybrid equilibriurp, = dnd 0< p, < 1are w(a)>0 and wb) =0
and they are never met, as are the conditions Her hybrid equilibrium p, = land

0< p, <1. Thus, there exists no hybrid equilibrium in oudel!®

As a result, we can conclude that individuals vsitecerely, i.e. every individual votes
according to her signal. This result is also sumgabby Austen-Smith and Banks (1996) who
show that under the assumptions that the condlitionadabilities of the signals revealing the
true state of world being the same for both statekthat majority rule is the optimal voting

rule, sincere voting is a Nash equilibrium.

The probability of a group of siza making the correct decision, i.e. selecting byansj

rule the alternative which matches the true sthtbeoworld is

L
2

P[correct] = Zn: (quk(l—q)n_k.

For the casen =3 this is 0.84375, which is better than any indiaddeciding on her own.
Thus, the main result of the CJT remains valid igaane theoretic framework. Using this
formula it can be shown that far becoming ver large the probability of the groufestng
the correct alternative goes to'®1The result of the individuals voting sincerely as

important basis for the analysis of the two extemsidiscussed in the next two sections.

3.2 Costly Information Acquisition

3.2.1 Extending the Model

We now extend our model by introducing costly pievenformation. The assumptions of the
model from section 3.1 remain with one exceptiontilnow, every individual received a
signal about the true state of the world free oérgb. In the following extension this
information is costly where the cost is fixed and the same for each individual. Every

individual is free to choose whether to “acquireformation to update her belief about the

15 Refer to Appendix A for a detailed proof of thesatements.
6 McLennan (1998) shows that when the size of teetetate is increased the probability of makingrang
decision goes to zero.
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true state of world or not. Hence, only those imdirals who choose to acquire information
will receive a signal. This extension makes sebseause in reality members of an electorate,
be it a committee selecting a chairman, a juryoart; or a nation electing a new government,
must invest money or at least time to gather sarferation about a candidate, get informed
about political issues, etc. in order to know whatternative would be best to vote for. In this
first extension of the model, though, each indiaidumust vote for either alternative,
irrespective of her decision to acquire informatiand thus irrespective of them being
informed or not. Mandatory or compulsive votingused in many countries in government
elections, such as Belgium, Turkey and Australiava as most South American states (see
Wikipedia, 2004).

The sequence of play in this extended model islésAfs:

1. The state of the world is realised.

2. Eachindividual ON decides whether she acquires a signait costc.

3. Everyindividuali who has decided to acquire a signal (whom we tefasinformed
individuals), receives a signa| which reveals the true state of the world with
probability q.

4. Every individuali, the informed as well as the uninformed, must Viote either
alternative A or B.

5. The alternative which received the most voteselgcted (simple majority rule) and

the individuals receive a utility according to twrectness of the group decision.

This extended model is very similar to that of Maghdhaya (2003). It differs in that it
assumes that the uninformed individuals can obstwveotes of the informed individuals. In
our model no kind of communication or observing ttkers’ behaviour before the group
decision is determined is allowed. The model &s states above is states a dynamic game of

incomplete information, so we need to look for € Bayesian Nash Equilibriuf.

" For an introduction of the concept of Perfect Bdgre Nash Equilibrium see e.g. Gibbons (1992, pi5- 1
183). There, by presenting an easy example of astage game, the requirements as well as a definid the
Perfect Bayesian Nash Equilibrium are developed.
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3.2.2 Equilibrium Behaviour

As already made clear in section 3.1 an indivicdwelcerns herself only with those situations
when she is pivotal. In any other case her voteldvouchange the outcome of the election
and neither would the individual’s utility. Adopgnthe original general formula for the

probability of being pivotal from Wit (1997, p. 7@nhd adjusting it to the fact that there are

still uninformed individuals who must cast a voi& obtain

The adjustments made to the original formula aeefdflowing: k denotes the number of the
other individuals other than choosing to acquire information, the othrer 1-k individuals

choose not to acquire information, whepe is the ex-ante probability of any individual
acquiring information andl— p the ex-ante probability of any individual not atcmg

information. Because only thle informed individuals receive a signd, is the upper bound

for j, which is the number of individuals receiving @agjia. Of these| a-type individuals
| are voting for alternative A angl—| are voting for alternative B. The number aftype

individuals voting for alternative A cannot be larghan the number cd-types j or larger
e -1 - o e
than one half of the other |nd|V|duag—2 . Of the remainingk — j informed individuals,

who areb-types, m are voting for alternative A ank—- j —m are voting for alternative B.

The number ob -type individuals cannot be larger than the nundéds-typesk — j or larger
than half of the other individuagg—l. The n—-1-k uninformed individuals have to vote on

the basis of their prior belief&i. Becausel +m informed voters are already voting for

alternative A,nT_l—l - m of the uninformed voters must vote for alternativas well in

order to make individual pivotal.
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Using backwards induction we analyse the last stiggfe where the individuals have already

made their decision on acquiring information andstmow decide which alternative to vote

for. Considering only symmetric strategies and w@pplthe same analysis as in section 3.1.2
we obtain thatp, = p, = 12i.e. the informed individuals all vote sincerelyat is according

to their signal. The uninformed individuals onlydwm, that when they are pivotal there are
equal numbers of votes for either alternative. s situation conveys to them no information

about the true state of the world, they have te wot the basis of their prior beliaf. In our

model 77 = % so they are indifferent between voting for eithkernative and adopt a mixed

strategy voting for either alternative with prob'ﬂbi%. Thus, the last term oI’P[PiV(Jii )s]

n_l_k 1 n-1-k
simplifies to n-l_I -m [éij . Because ofp, = p, = 1lthe terms of the sum in
2

P[Piv(aii)s] can only be different from zero whérr j andm=0. Thus, it reduces to:

min

=55 (oo (B 2

k=0  j=0

Furthermore, it no longer matters which particidggnal the informed individuals receive

conditional on the true state. It is only importémt j individuals receive a signal in favour
of one alternative an#t — j receive a signal in favour of the other. In thiofwing, we will
only distinguish between signals according to ifdiial i ’s signal and signal opposings

signal. Hence, we can substitulRMs] with g and obtain the unconditional probability of

being pivotal:

8 The formula for P[Piv(aii )S] has only been extended by terms that are positiveero, but they are
strictly positive for some values & . In the casep =0, there are no informed individuals in stage 2 wha
vote sincerely; in the cas =1, there are no uninformed individuals, reducing éxtended model to the

original CJT model which has already been analyisedection 3.1.2. Thus,p, = p, =1 constitutes a

subgame-perfect Nash equilibrium for stage 2. ®oathalysis differs from that in section 3.1.2 iresalone, not
in results.
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In order to characterise individuals equilibrium voting strategy, we have to calcalahe
gain from acquiring information relative to not aaing information for every possible
situation which she is pivotal in. When an indivadldloes not acquire information about the
true state of the world she only knows that theeo{informed and uninformed) individuals
generate a tie with their votes. From this fachelahe individual cannot derive any further

information about the state having to randomisevimte which leads to an expected utility

from not acquiring information oé— This is true for every situation which she isqiat in.

By the formula for the probability of individual being pivotal we already know every
possible distribution of (the other) votes cast lbgth the informed and uninformed
individuals which leads to a tie situation, makingivotal. Each of these situations conveys
information about the true state of the world. Tinf®rmation is contained in the signals the
informed individuals receive, even in individuals own signal. And because we already
know that the informed individuals vote sincerddy, the vote they cast we also know their
signal, hence enabling individualto update her belief about the true state of tbddvThe
uninformed individuals do not contribute any infation about the true state, simply because

they don’t have any themselves.

When individuali acquires information she assumes that it repreghattrue state of world
(with a probability 0.75). So for every possiblauation that makes her pivotal she considers
the number of signals that are in accordance wighown signal (including her own) and the
number of signals that are not. Each signal in @zowce withi’s own cancels out an
opposing signal, so what matters is the differdsetereen the number of different signals and
the resulting informational advantage (or disadage} which allows for drawing conclusion
from. For illustration, the following table gives averview of the possible distribution of

signals in tie situations for the case 3:

other uninformed . Total
o other informed individualsk) | number | +1 of
individuals number
cinnale an~nr Ain
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votes in votes/signals in votes/signals | signals according  of
votes for " . ) .
accordance accordance | oppositional to| to | 's own signal| signals
. oppositeof | . . S , L
with i’s : with 1's signal | 1's signal (includingi’s | (k+1)
I’s signal . . )
signal @) (k=17) signal)
1 1 0 0 1 1
1 0 0 1 1 2
0 1 1 0 2 2
0 0 1 1 2 3

Table 1: Pivotal situations for individuélfor n =3

In every possible situation where individual is pivotal k other individuals acquire

information (so there is a total & other signals),j of which receive a signal in accordance

with individual i’s own. Consideringi's own signal and adding it to the others’ signals

results in a total ok +1 signals, j +1 of which are in accordance withs own.

To obtain the expected payoff from acquiring infatron for each of these situations
separately, individual has to observe the signals of each situation thefother informed
individuals as well as individual’s own — and calculate on the basis of these sgtied
posterior probability that the true state of theldidas revealed by her signal. This probability

conditional on observings +1 signals, j +1 of which are in accordance with individuigk

own signal is given by*

q j+1 (1 _ q)k+1—(j+l)

ﬁ(] +1k +1) = qj+1(1_ q)k+1—(j+1) + (1_ q)j+1qk+l—(j+l) '

So, the gain from getting informed, conditionaltmaving k +1 signals, j +1 of which are in
accordance with individuali’'s signal, is ,B(j +],k+1)—%. We can now derive the

unconditional expected gain of getting informedsbynming up the product of the probability
of being pivotal in this situation and the condiib gain in this situation for each situation

individual i is pivotal in:

9 see e.g. Feddersen and Pesendorfer, 1998, p. 24
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1 min(k,n?) _1 K . - n-1-k n-1-k
B(p)= oo la-a o nt ) (Aleaked-3)
. j S 11 (2 2
An individual will only acquire information whenehgain of getting informed is greater than

(or at least equal to) the cost. By settiB@p):c and solving forp we get the mixed

strategy of acquiring information for any individua

From the discussion above we can now summarizegbgibrium behaviour of individual :
Each individuali acquires information (and receives a sighalvith probability p. Each

informed individual then votes sincerely, i.e. @iternative A upon receiving signal and

for alternative B upon receiving signd. Each uninformed individual vote for either

alternative with probability% .

When we apply the above derived formula to the greize n =3, set the probability of

receiving the correct signa = 0.75, and set it equal to the cost= 0.125 then there are two

possible solutionsp = 0.6154 or p=0.%

In order to answer the question of how well compryisvoting in our context aggregates
information, we have to calculate the probabilltpttthe group makes the correct decision.

This probability given the equilibrium probabiliéf any individuali acquiring information is

et 3,5 (o oo (]

i=0  _;_n-1,_n+_,
2 2

For the casen =3, ¢ =0.125 and p = 0.6154 this is 0.6208. It may surprise that the group is

much less correct than any individual with= 0.75. This result does not at all support the

statement of the CJT that groups perform betten ihdividuals. On second thought, this
result is not surprising at all, because in the Giddel there were no cost attached to the

signals. By introducing cost not every member & #hectorate receives a signal and only

% Here, we already applied the parameters we arggoiuse in the experiment. So these calculatioa®nly
serve as an illustrative example, but also as & Was verifying the theoretical predictions of tineodel. A
detailed outline of the calculations may be fouméppendix B.
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votes with 50% accuracy of selecting the corret#radtive, thus pushing down the group
accuracy of choosing the correct alternative. Byeasing the group size the probability of
being pivotal will decrease, thus causing a lowegae from acquiring information. This, in

turn, causes the probability of information acdiosi to drop dramatically fast to zero and
hence the group accuracy will rapidly approach 23%vell. This result is in accordance with
the finding of Borgers (2004) who identifies a ngaexternality of participation in a costly

voting model. In addition there seems to be antaaidil negative informational externality

induced by the uninformed individuals who are gtliced to vote and reduce the gain from
acquiring information even furthét. The following tables present the equilibrium
probabilities of acquiring information and the riéisig probability of the group selecting the
correct alternative for different values of the tcasd different group sizes, the signal’s

accuracyq being held constant at 0.75..

c=0125 P Plcorrect] c=01 p Plcorrect]

n=3 0.61538 0.62080 n=3 0.94201 0.82274

n=5 0.00000 0.50000 n=5 0.54853 0.74452

n=7 0.00000 0.50000 n=7 0.00000 0.50000
Table 2: Group accuracy fa = 0.125 Table 3: Group accuracy far= 0.1

The rate of information acquisition can only beseal by decreasing the cost. Compulsory
voting only seems desirable when everyone (whoricetl) already has information, i.e. the
cost of information acquisition is zero. This rées@sembles that of Mukhopadhaya (2003)
which says that smaller jurys make better decigt@udersen and Pesendorfer (1996, p. 418)
who also suggested endogenous information acauisds an extension their own model
already claimed that voters would only acquire tinfation with costs zero, because the
probability of being pivotal would be very small &n electorate of reasonable size. As a
matter of fact, they already allowed for abstentiotheir model. So in the next section we
will introduce the possibility of abstention to amodel, making voting a voluntary act. After

analysing this next extension we can compare casopybnd voluntary voting.

2L This negative informational externality is in diteopposition to the positive informational extditya
identified by Ghosal and Lockwood (2003).
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3.3 Abstention

3.3.1 The Abstention Extension

As a final extension of our model we introduce plossibility of abstention. All the model’s
existing assumptions remain, but now every indigida not only free to choose whether to
acquire information about the true state of thelavor not, but also whether to cast a vote for
either alternative or abstain from voting. Indivédisi vote or abstain simultaneously. Because
of the possibility to abstain, despite the assuomptf n being odd, a tie may occur, so that

the majority rule cannot be applied directly. Inosk cases, the majority decision is

determined randomly by a “fair coin toss”, i.e. leatternative is chosen with probabil%.

This final extension is a logical step because itkegpe existence of mandatory voting in
some countries like Belgium and Austrdfain most countries where governments are
elected by the people abstention is indeed an mpAnd considering the decreasing voter
turnout e.g. in Germany or in the election of therdpean Parliament, but also in North
America over the last years, voters are obviouskylaiting this option. The question we

would like to answer is what effect the possibiltf abstention has on the voters’ the
information acquisition behaviour and thus on th&rmation aggregation properties of

group decision.

The sequence of events in this abstention extermdionr model is as follows:
1. The state of the world is realised.

2. Each individual ON decides whether she acquires a signait costc.

3. Everyindividuali who has decided to acquire a signal (whom we tefasinformed
individuals), receives a signa| which reveals the true state of the world with
probability q.

4. Every individuali, the informed as well as the uninformed, may chobstween
voting for either alternative A or B or abstaining.

5. The proposal which received the most voteslectsd (simple majority rule). If a tie
occurs, i.e. an equal number of individuals votediternative A and for alternative B,

the group decision is determined by a “fair coissto either proposal is selected with

2 See Wikipedia (2004) for a complete list.
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probability % The individuals receive a utility according teetborrectness of the

group decision.

Again, the described game is a dynamic game oiipdete information which requires us to

look for a Perfect Bayesian Nash Equilibrium.

3.3.2 Equilibrium Behaviour

Also, we again only consider symmetric equilibremd as before individual concerns
herself only with those situations which she isopa in. As in section 3.2.2 we analyse the
game by using backwards induction. The followingelpf argument is closely related to that
of Ghosal and Lockwood (2003).

We begin by analysing the last stage where indalglwho decided to vote choose between
proposal A and B. As this situation is identicathiat in the last stage of the first extension of
the model discussed in section 3.2.2 we alreadyknbat the informed individuals will do
in this stage. The informed individuals will votaaerely, i.e. according to their sigrfilBut
what will the uninformed do? As also already arguedsection 3.2.2 the uninformed

individuals are indifferent between voting for @itfalternative, because voting for each yields
an expected payoff o% In section 3.1.2 we stated that individuabnly votes for alternative

A (B) if
Eju, (A s|Piv. (o, ), | > (<)Eu, . s|Piv, (o7, )t |

Because neither of these conditions is satisfieltha uninformed individual has the option

of choosing abstention she will not vote at allr Be uninformed individual abstaining also

23 Although their model is one of costly participatjahey argue that the cost of participation cainberpreted
as the cost of purchasing, or observing, the si(gesd Ghosal and Lockwood (2003, p. 5).

4 This solution is also derived by Persico (20041 p4) who states that when majority rule is théisttaally

optimal rule all individuals willing to acquire imfmation must all be voting sincerely afterwardbeTsame
argument is used by Ghosal and Lockwood (2003, p.7)
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constitutes a sincere stratégylf she were not voting sincerely and instead ramded her
vote, the outcome would be identical to that inrtiadel’s first extension in section 3.2.

We now turn to the first stage, where individualscide whether or not to acquire
information. Let p again denote the ex-ante probability that anywviddial i acquires
information about the true state of the world adtoo. Thus, the probability that exacthy

individuals other than i have chosen to acquirerimftion is

k

vik.p)= (n 1) p(L-p) .

In order to characterize individuals equilibrium voting strategy we have to calculater
gain from acquiring information relative to not aaing information. We already know that
individuals will vote sincerely, i.e. only the kformed individuals will cast a vote either for
proposal A or B depending on the information thetually receive. Then—1-k uniformed
individuals will abstain, so they do not influenttee outcome of the voting process. So only

the k informed individuals have to be considered in deieing when individuai is pivotal.

Now we have to consider two possible cadedieing even and being odd. In the first case

(k is even),i is only pivotal when thé informed individuals generate a tie, i.e. thadcthy
g of the informed individuals vote for alternativeahd the otherg informed individuals
vote for alternative B. Now, if individual does not acquire information she abstains and

does not vote for any alternative. The tie remgiekling an expected payoff ojzt because

the alternatives are selected randomly, both witbbability % If individual i acquires

information, though, she can update her belief abioeitrue state of the world with her own

signal. As she is pivotal and all the otHelnformed individuals vote sincerely, individual
knows that; of them has received signal a and the otléehave received signd . Thus,

the voting behaviour of the other informed indivats) and the underlying signals, conveys

% Persico (2004, p. 171) defines sincere voting @ting in accordance with one’s signal. In that serihis
voting behaviour is sincere, because the uninforimelividual does not receive a signal and thus oann
replicate it through her vote. As a result abstemis a sincere behaviour.
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no additional information to individual about the true state of the world, because thealsg
of the others cancel each other out. Having oniyolmen signal to rely on, individudl votes

sincerely, i.e. according to her signal, selecthmgcorrect alternative with probability.?® So

her gain from acquiring information relative to et —%.

Given that exactlyk other individuals acquire information andl being even, the

unconditional probability tha\g individuals receive a signal in favour of eacteaiative is*’

k) « K
W(k,q){Equ(l—q)z-

2

In the second case (is odd) individuali is only pivotal whenkT_1 of the other individuals

. +1 . .. ) )
vote for one alternative ané?l individuals vote for the other alternative. Instiziase, when

individual i acquires information, the signals underlying th#eo individuals’ voting
behaviour does convey information o There are two possibilities of the votes being
distributed.

One possibility is tha}%l of the other individuals have voted in accordanité individual
I's signal andkT_1 have voted opposing to individuals signal. Then, including’s own

: + : : . : - o
signal, there arek2—1+1 signals in accordance withis own signal andkT1 opposing it.

%6 One could also apply the formula for the postepimbability ,8(] ) k) which we already used in section 3.2.2
to compute the gain from acquiring information. Ymiere, for each situation wher¢ is even, and thus

.k
] = §+1, the gain from acquiring information is always theme, whereas in the model without abstention

each situation individual is pivotal in yields a different gain.

%" |t is sufficient to use the unconditional probijlbecause the exponents of both factors arsahge and the

accuracies of the signals, given the true state tbk world, are the same as well:
K K K k K k

PlalA]> (1- P[aA])> = P[oB]2 (L~ P[b/B])2 = q7(1-q)z . e already used this relationship once in

the analysis of section 3.1.2.
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Therefore, individual prefers the alternative her signal favotirbut she also knows that she
does not need to acquire information and vote aaagly, because there already is a majority
for this alternative and it would also be seleatatthout her vote.

The other possibility is tha*(z;1 of the other individuals have voted in accordandth
individual i ’s signal andkT+1 have voted opposing to individugls signal. Includingi own

signal, there are novst'<2;1+1:k7+1 signals in accordance withis and kT+1 opposing it,

i.e. there is an equal number of signals favoueagh alternative. Therefore, individualis
indifferent between the two alternative@sBecause this is no improvement compared to her
prior belief, individuali’s gain from acquiring information is zero. Ghosald Lockwood
(2003, p. 8) call this a “weak swing voter’s curse”

From the discussion above we can infer the uncimmdit gain from acquiring information as
1 n-1
B(p) = (q —ngv(k :p)yik:a)
k=0

where

y(k:q):{w(k:q) k even

0 k odd

An individual will only acquire information abouté true state of world when the gain from
acquiring that informationB(p) exceeds (or is at least equal to) the costBy setting
B(p):c and solving for p we get the mixed strategy for any individuial acquiring
information. Every informed individual will then te according to her signal and the

uninformed individuals will abstaing, = (p, p,, p,)=(p11).

. 1
8 Applying the formula for the posterior probabiliﬁ(j , k) yields a value larger thag for the probability of

the alternative thak’s signal favours being the correct alternative.
29 Applying the formula for the posterior probabilitﬁ(j,k) yields that each alternative is correct one with

probabilit 1
ility — .
2
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From the discussion above we can now summarizedb#ibrium behaviour of individuail:
Each individuali acquires information (and receives a sighalvith probability p. Each

individual then votes sincerely, i.e. she votesdternative A upon receiving signal and

for alternative B upon receiving signial and she abstains if she acquires no information.

Again, we can apply the paramenters to be usdtkiexperiment to calculate the equilibrium
probability of acquiring information for the grogize n = 3. Setting the cost = 0.125 and
the probability of receiving the correct signgl= 075 the equilibrium probability of

acquiring information is:p =0.32071

When abstention is possible the probability of gh@up making the correct decision is given

by

Plcorrect] = :O %;Jm p'(1-p)" @qk (L- q)i‘k(l— [%j [0 ] -

For the casen =3, ¢=0.125 and p = 0.6154 this is 0.67484. Just like in the model without

abstention, the group performs worse than any einglividual would alone. In the next
section we present a brief comparison of the twilngogames with and without abstention
which will serve as a basis for the analysis ofgkperimental data in section 5.

3.4 Comparing Compulsive and Voluntary Voting

To get an overview and make comparison easierydhees of the probability of individuals

acquiring information, p, and the probability of the group being corredyeg p, are
summarized for different values af in the following tables. The signal's accuraqyis

always kept constant at 0.75.

Condorcet Compulsive Voluntary
c=0.125
Plcorrect] P Plcorrect] P Plcorrect]
n= 0.84375 0.61538 0.62080 0.32071 0.6748
n= 0.89648 0.00000 0.50000 0.18077 0.6619




n=7

0.92944

0.00000

0.50000

0.12537

0.6565

Table 4: Comparison of group accuracy for the diffie models forc = 0.125

Condorcet Compulsive Voluntary
c=0d P[correct] P Plcorrect] P Plcorrect]
n=3 0.84375 0.94201 0.82274 0.42303 0.7081
n=5 0.89648 0.54853 0.74452 0.24709 0.6989
n=7 0.92944 0.00000 0.50000 0.17334 0.6940
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Table 5: Comparison of group accuracy in the déffeimodel forc = 0.1

The probability of information acquisition decress®r both compulsive and voluntary
voting when the group-size is increased. As alrgaugted out earlier (see section 3.2.2) this
effect stems from the fact that in a larger grdug probability of being pivotal declines, thus
decreasing the gain from acquiring information. éxcling to Persico (2004, p.166) this result
is already predicted by common sense. The largemamittee becomes the less responsible
the members become for the decision, as this isut@l argument to explain why the
average voter is often poorly informed. Conseqyeht probability of the group making the
right choice in both models declines as well. ltvgrth to point out thatp declines much
faster, reaching zero quite rapidly when abstent®mot possible than when voting is
voluntary. As a result when no one acquires infdiomathe group makes random selections

with a 50% chance of making the correct decisiditl, &hen p is positive it is considerably
larger than under voluntary voting. The reasontler sharp decline op under compulsory

voting is the fact that two different negative extdities influence the gain of acquiring
information: the negative participation externaligentified by Borgers (2004) and the

negative informational externality induced by tméformed voters.

In contrast, when increasing group-size under walynvoting the probability of acquiring

information p seems to converge to a certain value, given tls¢ coFrom the few data
listed in tables 4 and 5 it is already obvious thatlower limit for p is larger the lower the

cost, which is intuitivé? There still exists a negative participation exéity that decreases
the chance of being pivotal. But because only mfx individuals cast a vote and thus, as

% There may be a threshold group-size which caysew decline to zero under voluntary voting as welis
still remains to be shown.
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they vote sincerely, contribute a piece of infororat to the outcome, there is a

counterbalancing positive informational externafgge Ghosal and Lockwood, 2003).

Ghosal and Lockwood (2003, pp. 11-16) show thahair costly voting model equilibrium

participation is inefficient, i.e. too few voteraricipate. As their model can easily be
reinterpreted as one of costly information acqissitwith abstention, as we did in section
3.3.2, we can conclude that in our model the infmrparticipation rate is too low as well.
Ghosal and Lockwood (2003, p. 15) show that conguulsoting may be desirable. This is
true for their model, because there informatioexsgenous, i.e. each individual is already
informed. Given the comparison above, in our can@mpulsory voting is inferior to

voluntary voting, especially for large electorateslhe group performance could in both
cases be enhanced by lowering the cost of infoamadind thus raising the probability of

acquiring it.

It is worth mentioning once more the similaritylmdth our extensions to the result obtained
by Mukhopadhaya (2003). In both cases, when alistes allowed and when it is not

allowed, smaller groups perform better in selecting correct alternative. This makes our
models more applicable to small groups like juaes committees. Mukhopadhaya 2003, p.
40) also presents an intriguing intuition which l&gpto our results as well. When the group
is small the probabibility of acquiring informatiois high. But there is still not much

information, because there are not many individwai® could become informed. When a
group is large there are many individuals who caagduire information, but again, as the

probability of information acquisition declinesillstiot much information can be aggregated.

In the following experiment we will examine if theentified externalities play a role in the

actual behaviour of individuals and if so, to whatent.

4 Experimental Set-Up and Design

The experiment was conducted at the Cologne Lamyrdor Economic Research at the
University of Cologne. Most of the 220 participam®re students of the University of

Cologne, the most of which were undergraduate stsdef the Faculty of Economics,

31 Bear in mind that our model is very simple andtaialy deserves some further refinement to allowany
conclusion for real elections. But simple as iftisertainly constitutes a good starting pointfiather analysis.
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Business Administration and Social Sciences, whwhre recruited by the Online
Recruitment System of the Cologne Laboratory foorieenic Research, which is an internet
platform that can be accessed by anoyone interastguarticipating in experiments. The
experiment was programmed and conducted with thteva@ Z-tree (Fischbacher 1999). Z-
tree is a modular C++-based language, which allparticipants to interact with each other

on a local area network (LAN).

During the experiment the participants were to gawmts on the basis of their decisions
which were exchanged into Euro after the experim@®o® points were worth 1 Euro, i.e. the

exact exchange rate in terms of Euro was 0.00125/pwint. Irrespective of their earned

points, each participant received a show-up fe2s® Euro. Both the show-up fee as well as
the exchange rate were known to all participardsfthe start of the experiment. The final
payoffs ranged from 8.40 Euro to 14.8 Euro (inahgdihe show-up fee) with an average
payoff of 11.83 Euro.

4.1 Experimental Design

As this is, to our knowledge, the first experimanddressing the effects of compulsory and
voluntary voting on the information acquisition lb&four in voting games, there exists no
design we could refer to as benchmark. We triefit the model as accurately and as simply

into an expiremtal environment in order to testtfar theoretical predictions of the model.

The experiment consisted of eight sessions: fossiees with 27 participants each with
groups of three individuals, and four session \@&participants each with groups of seven
individuals. Each session consisted of two treatmernth the treatment variable being the
voting institution: One treatment was the votingngawith costly private information where
abstentionwas allowedwhich will further be referred to as the “voluntatreatment; the
other treatment was the voting game with costlygig information where abstentiaras not
allowed which will further be referred to as the “computsi treatment. Both of these
treatments were played for 30 rounds during easki@e. For each group size, in two of the
four sessions the voluntary treatment was conduéist] followed by the compulsive
treatment. In the other sessions the order ofrdarments was reversed. Table 6 summarizes

the experimental design.



Group size 1 Order of treatments # of Matching # ?f
groups participants
Session 1 3 Voluntary Compulsive 3 27
Session 2 3 Compulsory Voluntary 3 27
Session 3 7 Voluntary Compulsive 3 28
Session 4 7 Voluntary Compulsive 3 28
Session 5 7 Compulsive Voluntary 2 28
Session 6 7 Compulsive Voluntary 2 28
Session 7 3 Voluntary Compulsive 2 27
Session 8 3 Compulsive Voluntary 2 27
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Table 6: Experimental design

The technique of letting the same sample of subjptday different treatments one after
another is called a ‘within subjects’ design (séedfan and Sunder, 1994, p. 35phecause
the experimenter examines the different effectdediht treatments have on the same
subjects® This particular design has the advantage thatettperimenter can examine if
different treatments have different effects on thehaviour of same participants.A
disadvantage of this design is the possibility mfeo effects. When conducting two (or more)
treatments after another, the results of theséntieras are interdependent and may correlate
in some way. The results of the first treatment nmélyience the participants’ behaviour in
the second treatment. Such effects, e.g. praddtgue or boredom, are called order effects.
This is why the order of treatments was reversetthénsecond session. With this technique,
known as counterbalancing or balanced switchove® tgiedman and Sunder, 1994, p. 30),
we can check for any order effects after the expent by comparing the behaviour of the

two groups for each treatmetit.

In each session the participants were divided médching groups. In the the session with
group-size n=3 there were 3 matching groups congistf 9 participants each, while in the
sessions with group-size n=7 there were 2 matofiagps consisting of 14 participants each.

Those matching groups were kept unchanged durimgvtiole session, i.e. they were neither

%2 Sometimes this is also called a ‘repeated medstesign, because the participants are repeategiysed to
different treatments.

% Opposing to this is a ‘between subjects’ designal ‘between subjects’ (sometimes called independen
measures design) each treatment is played byytaliffierent groups of subjects.

3 This advantage exists in comparison to the indé@enmeasures design (see footnote 31). Therefisanti
differences may be observed between the behaviaheayroups which are not the result of the treatts, but
rather of individual differences between the groapparticipants (see Siegel and Castellan, 19883

% Order effects can be precluded if the groups flmth session behaved equally (or at least sim)lanya
particular treatment, regardless which order thatinents were played in.
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chnaged during the course of a treatment nor duhedransition from the first to the second
treatment. At the beginning of each of the 30 reupthyed in each treatment, the subjects
within a matching group were randomly divided (nhatt) into groups of the session specific
group-size. This is called a ‘strangers’ desigrtaose in every round an arbitrary participant
will play with different group members. Of courseth a matching group of 9 subjects and
playing for 30 rounds, it cannot be guaranteed dhparticipant always plays with somebody
different. Eventually she has to meet the sameopsrsagain, although because of the
anonymity of the participants she may never knovemwthat occurs. This particular design is
a ‘quasi-stranger’ desigii.We chose this design because with a group-sitereé were are
looking at small electorates, such as committeegxplerts. Those committees do never
consist of the same persons as the issue to deniddanges every time the committee is
convened, so each time different experts are surachoks we use a ‘quasi-strangers’ design
the decisions of all subjects being randomly matchie interdependent in some way. As a
result we obtain only one single observation frévese individuals. This is a reason why we
divided all 27 participants of a session into threatching groups. Because we are only
randomly matching within those matching groups,oltain three independent observation.
Taken both sessions together, we thus have sixpamtkent observations for the whole

experiment.

4.2 Parameter Setting and Predictions

In order to fit our models into an experimental iemwvment, we adjust the model’s parameters
as to make it as easy as possible for the paritsp@ comprehend. From the description of
the experimental design in section 4.1 it is alyeekgar that we have chosen group-sizes

n=3andn=7.

The states of world are represented by colourstio& and “blue”. The colours were
carefully chosen, so they could not be linked ty aontext, such as political parties, that
could bias the choice of the participafitsThe information the participants could acquire
were colours as well, showing the correct colouthva probability of 75%. Moreover, we
chose the following parameter setting, which wasittal for all treatments:

% In a ‘total stranger’ design every subject wouleetany other subject only once during the whofeegment.

37 1t was unavoidable that “yellow” or “blue” wouldebthe favourite colour of some participants. Froma t
questionnaire could be gathered that one partitipsed his favourite colour as a focal point andsehit more
often than the other.
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Parameter Value In points

Payoff for choosing the correct alternatjve

(correct colour) 1 200

Payoff for choosing the wrong alternative

(not the correct colour) 0 0
Signal costC 0.125 25
Signal accuracyg 0.75 -

Table 7: Parameter setting

Using those parameters, as an example we can teafuriction B(p) for for n =3 for both

the voluntary and der compulsive treatment as showigure 1. Additionally, the cost have
been plotted as well, so it can readily bee seearevithe individuals’ theoretical mixed

strategies for each treatment are located: atntegsiections of the respective functia(lp)

and the cost.

0,3

0,25 -

0,2

—=— voluntary
—— compulsive
...... cost =0.125

0,15 -

0,1 -

0,05 -

0 0,2 0,4 0,6 0,8 1

probability of acquisition

Fig. 1: Gain from information acquisition in difmt treatments for group-size n=3

As we already have calculated the theoretical walier the equilibrium probability of
information acquisition, we just summarize themehdndividuals in small groupsn(=3)
will acquire information with probability 0.6154 wh in the voluntary treatment and with
probability 0.3207 in the compulsory treatment. Phebabilities for large groups(=7) are
0.125 and 0, respectively.
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4.3 Running the Experiment

At the beginning of the experiment, the particigagach drew a number which assigned them
to a computer terminal: The computer terminals wsitaated in cubicles, so that the
participants were separated from one another anld c@ither communicate with each other
nor peek at anyone else’s computer monitor to de&t whey were doing. Every participant
found at her place written instructions, which shes asked to read carefuffyas well as pen
and paper to make notes during the experiment. Ré@maquestions were answered
privately. To assure that everyone understoodribtuctions, a short quiz was handed out to
every participant. After having answered all thegtions in the quiz, the participants had to
raise their hand, so that one of the experimemtautd check if they were answered correctly
and clear any remaining obscurities privately. Attencluding the first treatment, there was a
short break, the participants were shown a sumrofitheir performance so far and were
handed out the instructions for the second treatmadrich explained what would change
compared to the first treatment. Another quiz wasded out as well to assure everyone
understood the changes. Again, it was checked inatedygl by one of the experimenters and

remaining questions were cleared privately.

Each of the 30 periods within a treatment had #raesprinciple set-up. After the computer
had matched the participants of every matchingmiato groups, it randomly determined a
colour (yellow or blue) as the “correct” colour feach of the resulting groups which the
participants were not informed about, though. Témrrect” colour represents the true state of
the world in our model. The probability of everyimar being the “correct” colour was the
same, i.e. 50 percent. On the first scréahen the participants were asked if they wanted to
acquire information about the “correct” colour at@st of 25 points which was subtracted
from their scoré® The participants knew that if they acquired infation, it would only
represent the “correct” colour with a probability @ percent; with a probability of 25
percent it would show the opposite of the “corremtfour. The acquired information was of

course dependent on the “correct” colour of thaigrthe participant was a member of for this

3 A translation of the instructions which were oniglly written in German can be found in the appendi
% Refer to the instructions in the appendix to geinapression of the appearance of the screens.
“O'When a group selects the “correct” colour, eacimber earns 200 points. Hence, the cost of 25 péimts

acquiring information corresponds to the paramsagting C = 0.125, becauseD.125[200= 25.
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round, but was independent of the information ttreeomembers of the same group did (or

did not) acquire.

After having decided whether to acquire informati@nnot, the second screen appeared.
Those participants who acquired information werewsh the colour of their information.
Now, each participant, whether she acquired infoionaor not, was asked to choose which
of the two colours (yellow or blue) was the “cotfemlour for her group in this round. In the
voluntary treatment, the participants could chobséwveen yellow, blue and choosing no
colour, i.e. abstaining. In the compulsory treattnémey could only choose between yellow
and blue. This was the only difference betweenwletreatments.

After having made their choice, the computer deteech the majority decision made by each
group. For each group the number of participant®simg yellow and blue were added up,
respectively. The colour with the higher count deieed the majority decision. In case of a
tie, which could only occur in the voluntary treatmh, the majority decision was randomly
determined by the computer (with each colour havangrobability of being the majority

decision of 50 percent). The participants were shthwe result screen, which concluded every
period. This screen contained the following dathetler or not a participant had acquired
information and which colour it showed, the coltle participant chose (if she chose any),
the number participants in her group choosing yellend blue, respectively, the group

decision arrived at through majority rule, the ‘femt” colour, the points earned in this round,

and the new score.

At the end of the experiment, the participants vaeieed to fill in a brief questionnaire. They
were asked to explain their pattern of behaviduhey had any, if (and why) they changed it
during the second treatment, and if they prfereg teeatment over the other. Furthermore,
they were asked if they had any basic knowledggaofe theory, if they were satisfied with
their particular results (meaning their payoff)danthey had fun participating.

5 Analysis of the Results

5.1 Information Acquisition

The first question we would want to answer is whetthe obtained data support the

theoretical predictions of the models derived ictisa 3. In order to check for the correctness
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of these predictions, the aggregated frequencyfofmation acquisition for every matching
group and treatment was calculated from the dataaBse by choosing a repeated measures
design we checked for order effects, we can agtgegd voluntary and compulsive
treatments and thus, for each treatment, obtaiobk2rvations for the group-size of 3 and 8
observations for the group-size of 7. For each ppgime and treatment, applying a Wilcoxon-
Mann-Whitney Test, the null hypothesis of no déiece between the same treatment
conducted first and sceond cannot be rejected, hwiatistically supports the absence of
order effect$! Tables 8 and 9 give an extended overview of tregame frequencies of the
single matching groups for the group-sizes of 3 @ndespectively. Besides the overall
average frequencies of each treatment, the avérageencies in the first and last period of

each treatment as well as the average frequenicieglohalfs of each treatment are given.

N=3 voluntary compulsive

first last ) second first last ) second

average first half average first half
period  period half period  period half

Session 1
matching group 1 0,500 0,556 0,444 0,541 0,459 0,778 0,667 0,889 0,785 0,770
matching group 2 0,359 0,556 0,222 0,400 0,319 0,481 0,556 0,556 0,467 0,496
matching group 3 0,267 0,333 0,111 0,252 0,281 0,385 0,444 0,333 0,459 0,311
Session 2
matching group 1 0,411 0,444 0,556 0,437 0,385 0,544 0,556 0,556 0,563 0,526
matching group 2 0,274 0,444 0,111 0,326 0,222 0,356 0,222 0,222 0,319 0,393
matching group 3 0,322 0,333 0,444 0,326 0,319 0,289 0,667 0,111 0,370 0,207
Session 7
matching group 1 0,330 0,333 0,333 0,319 0,341 0,370 0,444 0,333 0,407 0,333
matching group 2 0,552 0,556 0,556 0,578 0,526 0,859 1,000 0,778 0,874 0,844
matching group 3 0,581 0,556 0,667 0,511 0,652 0,681 0,778 0,778 0,719 0,644
Session 8
matching group 1 0,200 0,222 0,222 0,267 0,133 0,348 0,444 0,333 0,356 0,341
matching group 2 0,174 0,444 0,222 0,178 0,170 0,311 0,333 0,111 0,378 0,244
matching group 3 0,219 0,333 0,222 0,237 0,200 0,196 0,222 0,222 0,207 0,185
average 0,349 0,426 0,343 0,364 0,334 0,467 0,528 0,435 0,492 0,441
std. deviation 0,137 0,114 0,186 0,129 0,153 0,208 0,228 0,270 0,203 0,218
theoretical prediction 0,321 0,615

Table 8: Summary of average frequencies for gropp-af 3

\voluntary compulsive

first last ) second first last ) second
average ) ) first half average ) ) first half
period  period half period  period half

“1 For the group-size of 3, however, this null hygsik had to be rejected if one chose a significiewa of
0.01.
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Session 3

matching group 1 0,260 0,429 0,357 0,276 0,243 0,340 0,571 0,214 0,390 0,290
matching group 2 0,219 0,286 0,214 0,257 0,181 0,367 0,429 0,357 0,371 0,362
Session 4

matching group 1 0,271 0,357 0,214 0,300 0,243 0,460 0,500 0,357 0,467 0,452
matching group 2 0,329 0,571 0,214 0,343 0,314 0,381 0,714 0,214 0,467 0,295
Session 5

matching group 1 0,243 0,214 0,214 0,238 0,248 0,379 0,286 0,429 0,343 0,414
matching group 2 0,288 0,214 0,143 0,300 0,276 0,376 0,357 0,286 0,405 0,348
Session 6

matching group 1 0,281 0,500 0,286 0,314 0,248 0,374 0,786 0,357 0,448 0,300
matching group 2 0,279 0,357 0,143 0,290 0,267 0,376 0,429 0,357 0,438 0,314
average 0,271 0,366 0,223 0,290 0,252 0,382 0,509 0,321 0,416 0,347
std. Deviation 0,032 0,129 0,071 0,033 0,038 0,034 0,173 0,076 0,046 0,060
theoretical prediction 0,125 0,000

Table 9: Summary of average frequencies for grozgp-af 7

For a group-size of 3 theory predicted that indiald gather information with a lower
probability when abstention is allowed than whestaition is not possible. In figure 3, the
average aggregated relative frequencies of infoomaacquisition of all matching groups
with n=3 are displayed for each treatment. It isyeto see that the frequencies in the
compulsive treatment always stay above the freqasnin the voluntary treatment. The

experimental data confirm this qualitative predintin that the overall average frequency of

information acquisition in the voluntary treatmerst significantly lower than in the

compulsive treatment (Wilcoxon Signed Rank Tesh-tailed, p<0.01, N=12). Comparing
the predicted probabilities with the observed feagties shows that quantitatively the

theoretical predictions are not very accurate.
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Fig. 4: Average relative frequency of information
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Figure 4 shows the average aggregated frequenfcie®omation acquisition for all matching
groups with n=7. As with the smaller groups, hére frequencies in the voluntary treatment
are also always lower than the frequencies in trapulsory treatment (Wilcoxon Signed
Rank Test, two-tailed, p<0.01, N=8). This totallgntradicts theory which predicted the
opposite. Moreover, theory predicted that in thengolsive treatment indiviuals in groups of
7 would not acquire information at all. So heredty is neither quantitavely nor qualitatively
correct. Obviously, being forced to vote triggessme sense of responsibility for the group, so
that some individuals invest in information desghe chance of being pivotal being quite

small.

In order to gain more insights on the individuagd€haviour and to test another theoretical
prediction, we also compare for both the voluntng compulsive treatment if a change in
group-size also changes information acquistion webha Figures 5 and 6 show the

frequencies of information acquisition of both guegizes for the voluntary and compulsive
treatment, respectively. The theoretical predictiaas that, in each treatment, larger groups

acquire information with a lower probability.

08 1 08 1

0,6 1 06 1

04 04 W‘m:m:‘m

0,2 1 02 1

o< ™ 1L~ O <4 ® !’ N O o9 Mo !’ N~ O o< ™ 1L~ O <4 ® !’ N~ O o9 Mo W’ N~ O
A +d4 d4 +4 4 N N N N 9« A +d4 +d4 +4 4 N N N N 9«

——n=3 —l—n=7 ——n=3 —l—n=7

Fig. 5: Average relative frequency of information Fig. 6: Average relative frequency of information
acquisition for the voluntary treatment acquisition for the compulsive treatment

The figures show that for both the voluntary anel ¢dompulsive treatment the frequencies of
information acquisition of smaller groups alwaysysabove those of larger groups. When the
group-size is increased the subjects may feelriegzonsible for the group decision, as has
been suggested Mukhopadhaya (2003), where incgegsiup size reduces the incentives of
becoming informed. From the experimental resultsmmay conjecture that the participants
seem to realize this opportunity of more easilg frieling on others’ information when groups
are larger. The difference between these frequemgieot statistically significant, though.
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From the answers the participants gave in the ouestire we can gather that approximately
half of them realized that acquiring informationdavoting accordingly would result in a
larger probability of choosing the correct coloBut at the same time most of them argued
that the other members of their group must redlieebenefit from acquiring information, too,
so they would not have to invest in informationniselves. Obviously, despite the cost being
quite low (12.5% of the gain in the case of a adrgroup decision) many participants were
reluctant to spent points for a signal. Many pgrtiots say that they wanted to keep their cost
low, i.e. spending as little points as possiblely@nfew participants mentioned that the cost
was, in their opinion, very low in the face of thessible gain so they ignored them totally
and always acquired information. The participanéslizing the benefit of acquiring
information, although not always buying some, agpressed that it was more important to
acquire information in the non-abstention treatmémicause they were afraid to push the
group decision in the wrong direction by just guagsa colour. The risk of free riding was
too high when abstention was not possible. Furtbeemsome participants even expressed
that they understood investing in information atuty of increasing the welfare of the group,
and did so in both treatments, which supports thiea voter odel of Feddersn and Sandroni
(2004)#

Another portion of the participants interpreted éx@eriment as a game of chance and in both
treatments guessed a colour most of the time withoguiring information. Most of them
mentioned in their answers that they were actingufiively” or described their own method
of choosing which colour to vote f8t.Some even picked a colour in advance and always
chose that colouf Others claim that they received a “wrong” sigra bften and thus did
not see why they should invest in poor informatialso, some of the “guessing” participants
wrote in the questionnaire that they were tryindita out the “real” probabilities of each
colour by observing the frequencies of them beheydorrect colour. Obviously they did not
trust that the computer would determine the colaith the probabilities given in the

instructions, nor did they trust the accuracy @fitiformation.

“2 Riker and Ordeshook (1968) first introduced anginodel which considered political satisfactioayg an
important role in explaining why people vote desyite fact that they seldom are pivotal. It cowddabgued that

it also triggers the acquisition of information gite the fact that no one else does.

3 One participant explains her method of choosirgyablour like this: She assigned the colours, arah¢he
choice “no colour”, to certain one-digit numbersieh she looked at documents she had on her duwmeg t
experiment and used the digits of ID-numbers toamadr choice. (For the original description of timsthod,
refer to the transcript of the questionnaire inabpendix.)

44 One participant used this method, but sometinisstjuired information just to ignore it at thanse time.
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One other thing could often be found in the ansveérihe participants. They often lament
about declining cooperation, i.e. they claim theyt had the feeling that other members of
their group did not cooperate in also acquiringinfation, so they gave up getting informed
as well, as they did not see why they should beotilg ones investing in information. We
examine this hypothesis by comparing for each rireat separately the average relative
frequency of information acquisition of the firsalhof the session (periods 1-15) with the
average of the second half of the experiment (derit6-30) as already given in table ???.
Applying a Wilcoxon Signed Rank Test we can rejgwt null hypothesis of the relative
frequency of the first half being smaller than tleative frequency of the second half
(p<0.05; N=12) for groups of 3 individuals in thengpulsive treatment. The same null
hypothesis cannot be rejected for the same gragisi the voluntary treatment, though.
When groups consist of 7 individuals, this null bipesis can be rejected for both the
voluntary and the compulsive treatment (p<0.05, N€e explanation for this could be that
while becoming informed in small groups when absbenis possible, the acquired
information is still useful although others do ramtquire information simply because the
uninformed can abstain and thus do not dilute thteng result by guessing. When abstaining
is not possible the uninformed individuals’ guesses overcompensate the the value of the
informed votes. So the individuals who initiallydoene informed more easily deviate from
their strategy as the their investment in inforimatteflagrates. When the group-size is large
a single information is worth less per sé, so ihditviduals more easily tend to quit acquiring

information when they believe to observe declinimfgrmation acquisition rates.

We can conclude that, indeed, compulsive and valyntoting in our context and parameter
setting give different incentives to gather infotima about the true state of world, such as
political issues, party programs, etc. In contradic to the theoretical predictions these
incentives seem to stay the same irrespective thapesize. When individuals have the
chance to abstain, they restrain more easily frowesting in information and exploit this
option to free ride on the information the othediuiduals in the electorate gather, without
having to pay for information themselves. The higinequency of information acquisition in
the compulsory treatment may result from the faat individuals develop a responsibility for
the group, i.e. they are not willing to free ride the other’s information for the prize of
pushing the group decision in a wrong direction doeone’s own lack of information.
Furhtermore, in larger groups the frequencies f@irmation acquisition are c.p. larger than in

smaller groups as the chance of being pivotal had/alue of a single information decreases.
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5.2 Sincere voting

We now turn to examining if individuals really vosencerely, i.e. if they vote according to
their signal. Recalling the relative frequency oformation acquisition of the compulsive
treatment (an overall average of 0.467 with gronip3 and 0.382 with groups of 7), one can
expect in advance that the number of sincere vateteat treatment cannot on average be
larger than that frequency, because the uninformodéers do not have the chance of voting
sincerely. As a matter of fact, in the compulsiveatment the frequencies of information
acquisition and the frequencies of sincere voteqaarly identical, indicating that only very

few informed individuals in acquire information amokte in opposition of the received signal.

It makes more sense to look at the informed andfammned individuals separately, where the
examination of the sincerity of the uninformed vetenly makes sense in the abstention
treatment. The informed voters in both treatmemis &ith both group-sizes nearly always
voted according to their signal and only very naaose to vote for the opposite of the signal
they received. Mostly, as can be gathered fromath@vers in the questionnaire, because
participants wanted to try things out. This is supgd by the fact that most deviations from
the signal take place during the first periods a&feasion. Aside from that, in the voluntary
treatment, no informed participant ever chose notige her information and abstain. This
information can also be drawn from the answersiéduestionnaire, because all participants
who wrote that they acquired information also mamed that they were voting accordingly.
Some even stated that it wouldn’t make sense t® fastthe other colour or, in the abstention

treatment, abstain.

Applying a Wilcoxon Signed Rank Test the null nojpothesis of no difference in informed

subjects voting sincerely between the treatmentmatabe rejected for either group-size.
Neither can the null hypothesis of no differencéneen the group-sizes for each treatment
(Wilcoxon-Mann-Whitney Test), which leads to thenclusion that informed voters behave
equally in each treatment and group-size.
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Fig. 7: Average relative frequency of uninformeudicsire voters in the compulsory treatment

Now we take a look at the uninformed subjects envbluntary treatment. Figure 6 shows the
average relative frequencies of those subjectdoddin small and large groups. Applying a
Wilcoxon-Mann-Whitney Test we cannot reject thel ilypothesis of no difference between
the uninformed individuals voting sincerely betweba both group-sizes. When looking at
figure 6, an increase in the relative frequenciesrmnformed subjects voting sincerely over
time can be observed. While an increase in thiguigacy is not statistically significant for
small groups, it is highly significant for largeogips (Wilcoxon Signed Rank Test, one-tailed,
p<0.01, N=8). The comparatively low frequency dgrthe first few periods may result form
individuals experimenting with the possibilitestbé treatment. It can be suspected that over
time the subjects recognize the negative informaticexternality they cause by voting
without having any information about the corredbco. And the fact that in small groups the
level of uninformed sincere voters is maintainedrawearly the whole course of the treatment
suggests that individuals learn quicker about eslédy than in large groups, where the

frequency rises over time.

5.3 Correctness

Does the voting institution and the group size hamg influence on the overall average
correctness of the group? Table 10 briefly sumnearihe overall aggregate frequencies of
groups choosing the correct colour. Comparing tegquencies to the theoretical predictions,
we find that in the voluntary treatment the ratdeing correct is lower (for small groups) or

near (for large groups) the predicted value. Indbmpulsive treatment for both group-sizes
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the rate of a group being correct is way aboveptteelicted value. The most peculiar thing
about the results for small groups is that the renntare nearly equal to the statistically
calculated predictions, but they are exchangedhEtmore, the frequency of being correct is
higher under compulsive voting irrespective theugrgize, although only the difference is
only statistically significant for small groups (Mbxon Signed Rank Test, two-tailed,
p<0.05, N=12). Small groups performing so well undempulsive voting despite the fact
that they by far do not reach the predicted ratenfrmation acquisition is quite surprising
and once more supports Mukhopadhaya (2003) whessthat small groups perform better

than large ones.

voluntary compulsive
n=3 0,620 0,688
prediction 0,675 0,615
n=7 0,660 0,690
prediction 0,657 0,500

Table 10: Aggregate relative frequencies of theigroeing correct

6 Conclusion

As the conducted experiment is the first one tgsthre behaviour of subjects in a voting
environment where private information is costly, in@e no benchmark which we could
compare our results to. The observed effects otrb@ment variable concerning the voting
institution on the probability of information acgition were quite clear and statistically
significant.. Irrespective of groupsize, the sutgegathered more information in the non-
abstention treatment as they did not want to bhegoresible for any false group decision. In the
face of that pressure they acquired information enoften, even though the probability
derived in the theoretical model was not perfectiflected by the experimental data.
Furthermore, individuals c.p. acquire less infoioratwhen the group size is increased,
because then the subjects feel less responsibkadagroup decision, as has been suggested
Mukhopadhaya (2003), where increasing group siziiaes the incentives of becoming
informed. However, these results partially contratlie predictions by the theoretical model
which calls for a further refinement of the modehe experiment also showed, that when
subjects acquire information they use it by votacrordingly. But it also showed that

uninformed voters, even when they have the chafic@bstaining and not influencing the
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outcome of the group decision directly, still tetdcast a vote randomly, thus not voting
strategically and ignoring the negative externdhig behaviour has on the group.

So is compulsory voting really a preferrable optiorheory predicted that many individuals
stay uninformed. A political argument for compulsepting is to assure that little majorities
should not be getting to much influence on thetelamutcome (such as interest groups etc.).
Our model predicts that mandatory voting in large®rates has a negative influence on the
information acquisition behaviour and thus on therfgrmance of the group. Our
experimental results show that this not true, astienot to the dramatic extent suggested by
theory. But although compulsive voting was able st an incentive to gather more

information even in large groups, large groups @adt quite outperform small ones.

A possible flaw in the model as well as in the ekpent is not to allow for an even number
of individuals in a group. If an even number of gpomembers were allowed, also in the
compulsory treatment a tie could occur which wdwge to be resolved by a fair coin toss. In
the experiment the computer would determine theontgjdecision. This would make the

two treatments more comparable, because, as $tat@adny participants in the questionnaire,
they had a problem with the random decision meamanised in only one treatment, thus
evaluating it as more diffcult which made them iagdo behave more like participating in a
guessing game where everything was dependent omcehand could not be influenced

whatsoever.

A interesting extension to our experiment could ib#oducing an endogenous choice
between the two voting institutions, where in aitiah period the group may choose if they
rather would like vote in a voluntary or a compwsenvironment. This way, one could
examine two aspects: first, if the preference fihee of the institutions influences the
behaviour in the actual voting situation, and seicohmerely the possibility to choose has
any effect on the individuals’ behaviour. These sfiems should be answered in further

experiments.
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Appendix A

Equilibrium Derivations for the Basic Model

The equilibrium conditions for the pure strategyuiéhrium are vv(a)>0 and W(b)<0.

Inserting p, = 1 and p, = 1 into P[Pivi (aii)s] , all the summands wherg # k and

. h-1 .
j % > are zero it reduces to

PlPiv, (07, )e] = (27:%] Plals]’> (- Plas])s

Now, there is only one case left which individuais pivotal in, that is when one half of the
other individuals receive signa and the other half of the others receive signaBecause
the exponents of both factors are the same anddtweracy of the signal, dependent on the
true state, is the same for both states, we caheiursimplify the term and obtain the
unconditional probability of being pivotat:

PlPiv (o7, )] = (ﬂ_zﬂq; L-q)7 .

2

The conditionw(a) > 0 leads to

k k k k Kk k
* The relationship P[a| A2 (1~ P[al A])> = P[B]2 (L~ P[b/B])2 = q?(1-q)z shows that when the
exponents are equal, the probability no longer ddpen the true state of the world.
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1
- q-=>0,
73

which is always satisfied as it represesnts ouret®éssumption about the value @f The

condition w(b) < 0 leads to

) =3a-af B0 24 R e <o

2 2

n-1 ni1 n-1 1
~|n-1lg2(1-q)2 (—(1—Q)——q]<0

2 2" V2

1 1 1

2 2q 2q

1
= ——0<0

5

which is also always satisfied as it is another wayaxpressingq—%zo, which again

represents the model’s assumption alsput

The condition for the hybrid equilibriunp, = and 0< p, < 1are w(a)>0 and w(b) =0.

Inserting p, = linto P[Pivi (Uii )s] , all summands witlk # j are zero, resulting in

PlPiv (7, )s] = g(n; 1jF>[a~|s]k (1 Plajs])™ [E:t}(l— 55

2

Since, as mentioned above, in equilibriuw{a) >w(b), we only have to examine the

condition w(b) = 0.
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Because of0< p, < 1the product at the end of the term cannot be zeedher can the

binomial coefficients. So, in order fav(b) being zero the term in brackets has to be zero:

1

} Kk _ n—k__ _ k n—k!: - :1
20|(10|) 2(10|)0| 0-q

2
This condition can never be satisfied, becausemmdel’'s assumption for the value qgfis
%< g<1. Hence,p, = 1land0< p, < 1does not constitute an equilibrium in our modet. A

analogous line of argument shows thpf = antd0< p, < 1is no equilibrium either. Thus,

there exists no hybrid equilibrium in our model.

Appendix B

Example Calculation: Compulsory Voting for n=3
We now present an example calculation of the dauiin probability of acquiring
information for the group sizen=3. First, we need to compute the gain from acquiring

information relative to not:
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«[2]or- o2t 3] ste9-3)

S e e

Now set B(p) = ¢ and solve forp to obtain the mixed strategy for acquiring infotioa:

B(p):(Q‘%J{pz(%—wg_q)z+2q(l—q)]+ ;{Wj_q)z-l}rﬂ —¢

o 1 q o} 1 ¢
- 1 +2q(1- A 1+ =—
p (2 q2+(1_q)2+ ql Q)]+p(q2 ]+2 :

For simplicity of presentation we denote:

q
a=——, ,8:———+2q(1—q) andy=————-1.
a)’ g’ +{1-q)

Because probabilities by definition must be positiwe only allow for the positive solution

for p. Setting the cost = 0.125 and the probability of receiving the correct signa= 0.75

there are two possible solutiong:= 0.6154 or p=0.

Appendix C

Example Calculation: Voluntary Voting for n=3
Here, we present an example calculation of the liegum probability of acquiring
information for the group siza = 3. First, the gain from acquiring information relegito not

has to be determined:
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B(p)= (q —%j(1—2p+ p?(L+2q(L-q)))

Now set B(p) =c and solve forp to get the mixed strategy for buying information

(@)
[N

1-2p+p*(L+2q(l-q))=
72

and solve forp:

For simplicity of presentation we set=

72

, V1-([L-a)1+2q(1-q))

2
1+2q(1-q)

P=1s 2q(1-q) "~

Because probabilities by definition must be positiwe only allow for the positive solution
for p. Setting the cost = 0.125 and the probability of receiving the correct sigga 0.75

the equilibrium probability of acquiring informatias: p =0.32071
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Appendix D

Instructions (Session 1)

(translated from original German versith)
General Instructions

Welcome to our experiment. For participating yowtrn 2,50 €. Dependent on your own
decisions and the decisions of the other parti¢gpgou can earn additional money. During
the experiment you have the opportunity to colfemnts. 800 points correspond to 1€. At the
end of the experiment your points will be exchanged € and you will receive amount

including the show-up fee in cash. Your payoff epkanonymous, i.e. no other participant

will be informed about your payoff.

Please note that you are never allowed to ask iqneséloud or communicate with other
participants during the experiment If you have gogstions, please raise your hand. One of

the experimenters will come to you and answer yuastions.
Part | and Il

The experiment consists of two parts (Part | and Pa At the moment, you only have the

instructions for Part I. After Part | is over youllweceive the instructions for Part Il.

Instructions for Part |

Decision rounds and your group

There will be 30 decision rounds. At the beginnifiggach round the computer will randomly
divide the participants into groups of 3 particifsaeach. Beside yourself, your group consists
of two other participants. Irrespective of whichumd you are in, you will never know the
other two members of your group. Once again: thepasition of your group changes from
round to round. In each round you have no busiwgbsthe other groups!

Correct colour

Before each round the computer randomly determimesand only one of the two colours

‘vellow’ or ‘blue’ as the correct colour for youraup. Both colours have the same probability

“¢ The original instructions may be provided by théhars upon request.
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(50%) of being the correct colour. Once again,abwect colour for your group is determined

anew before each round.

Decision ‘Information”

At the beginning of each round you and the other taembers of your group are asked to
choose between two alternatives. You can eitheniee@r not acquire information about the
correct colour. If you acquire information it wdbst you 25 points, if you do not acquire any

information it will cost you nothing (0 points).

The same is true for the two other members of gooup. While making this choice, nobody

in your group knows the decisions of the other padicipants.

Information about the correct colour

Those members of your group who have acquired fosnmation still know that the colours

‘vellow’ and ‘blue’ have the same probability (50%)be the correct colour in this round.

For each member of your group who has acquiredrrimddon the computer randomly
determines an information ‘yellow’ or ‘blue’. Thisformation doesn't tell you for sure which
colour is the correct colour for your group in thigind. But the information tells you that the
colour shown is identical to the correct colour your group with probability of 75% and is
not identical to the colour for your group with petility 25%. The same goes for the other
members of your group who have acquired informatBectause the computer determines the
information ‘yellow’ or ‘blue’ for each of the memabs of your group separately, it may occur
that different colours are shown to those membespite the correct colour being the same

for all members of your group.

Not you nor any other member will be notified abthé decision of any other member about

acquiring information and what kind of informatitrat was.

Choice of colour

After the participants who have acquired a sigraalehbeen shown a colour, all participants,
also the ones not having acquired information, wid asked to choose between three

alternatives:
* ‘yellow’

* ‘blue’
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* ‘no colour’

This decision is free of charge (0 points). The sayjoes for the two other members of your

group. While making this decision, no one knowsdgeisions of the other two members.

Majority decision

After all participants have made their decisionllitye’, ‘blue’ or ‘no colour’, the computer

sums up the number of choices of ‘yellow’ and thenber of choices of ‘blue’ in your group.

The colour with the higher count becomes the migjalecision. If both colours receive the
same number of decisions (both colours have either decision or both have ‘one’
decision), the computer determines the majoritysige randomly: both colours ‘yellow’ and
blue’ then have the same probability of becoming thajority decision. The majority

decision is always exactly one of the two coloyedlow’ or ‘blue’.

Round payoff

To calculate the round payoff for your group thejarity decision is compared with the

correct colour. Within your group there are twogb#ities:

The majority decision is in accordance with therectr colour. Then each member in your
group receives a profit of 200 for this round.

The majority decision is not in accordance with ¢berect colour. Then each member of your

group receives a profit of O points for this round.
Your payoff for this round is calculated as follows
Your payoff = your profit — your costs,

Where the costs are equal to 25 points if you aedunformation, equal to 0 points if you

didn’t acquire information.

The following table shows every possible payoffeme round:

Your decision The majority decision of The majority decision of
‘information’ your group is the corregt your group is nothe
colour correct colour
Acquire information 175 points -25 points
Not acquire information 200 points 0 points

The payoffs of the other two members of your grauphis round will be calculated in the

same way.
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The payoff you receive each round will be addeyaior personal score after each round. The
score shows the sum of all your payoffs per roupdauthe present round. Only you know
your present score .During the whole experimenbther participant will know the score of

any other participant.

Computer screens

There are three relevant screens: the screen Clobiteformation, the screen Choice of
Colour, and the screen Round Result. On each ofhitee screens you'll find at the upper
edge a status bar. Here, you get information alanith part (Part | or Part Il) you are in,

which round (1 through 30) you are in, and youispre score.

Status: Teil 1 Runde: 7 von 30 Punktestand: G Punkte

Informationswahl|

échten Sie eine Infarmation erwerhen?

n (Kosten: 25 Punkte)
(Kosten: 0 Punkte)

On the screen Choice of Information, click on thetdn “Yes” if you would like to acquire
information. Click on the button “No” if don’t wanid acquire information.
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Status: Teil 1 Runde: 7 von 30 Punktestand: O Punkte

Farbauswahl

Ihre Information lautet ﬁ
Welche Wahl treffen

GELB
BLAU
KEINE FARBE

On the screen Choice of Colour those participarts whose to acquire information will be
shown one of the colours ‘yellow’ or ‘blue’. Parpants who have not acquired information,

are shown no colour.

Furthermore, all participants, that is those whquaed information and those who didn't,
make their choice of colour. Click on the buttoeltgw’ if you choose ‘yellow’, click on the

button ‘blue’ if you choose ‘blue’ and click on thetton ‘no colour’ if choose ‘no colour’.
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Status: Teil 1 Runde: 7 won 30 Punktestand: O Punkte

Rundenergebnis

Sie haben die Information enworben

Sie haben m hit
Anzahl an Entscheidungen GELB in |hrer Gruppe:
Anzahl an Entscheidungen BLAU in Ihrer GruppeD
Die Mehrheitsentscheidung lautet:
Die karrekte Farbe ist ﬁj
Die Mehrheitsentscheidung ist HICHTIG!

Ihre Auszahlung in dieser Runde: [jlpunkie
&

Ihr neuer Funklestantlﬁ
WEITER

On the screen Round Result you receive all relewdatmation of the round.: if and what
information you acquired, your own choice of colotire number of decisions ‘yellow’ or
‘blue’, the majority decision of your group, therrt colour of your group, your payoff, and

your new score.

After having read the screen, please left clickiioa button “Next” at the lower edge of the
screen. Before going to the next round, maybe yb@Ve to wait for other participants. In

this case you receive the following message: “Rleast until the experiment continues.”

Further course of Part |

Before beginning with Part I, we will hand out aimylPlease fill in the quiz. The quiz shall
assure that all participants have read the instmtfor Part | carefully. When you are
finished reading the instructions and have filledhe quiz, please raise your hand. One of the
experimenters will come to you to answer any ofryguestions and check your answers to
the quiz. Please wait until all participants haweshed the quiz. Then we begin with Part | of

the experiment and you can earn points.

Instructions for Part I

You have finished Part | of the experiment. Nowpaliticipants begin with Part II.
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Please note:

At no point during the experiment you are allowedask question aloud or to communicate

with others.

Part Il of the experiment is in most parts identitta Part 1. Both parts have one single

difference.

The following elements of Part Il are identicaRart I

800 points are 1€
30 decision rounds

at the beginning of each round the computer willdanly divide the participants in

groups with 3 members each
participants stay anonymous

before each round the computer randomly determymdiew’ or ‘blue’ as the correct

colour for your group (both colours have the samobdability (50%))

choice of information: acquiring information (25ipts) or not acquiring information

(O points)

majority decision: the colour with the larger numled decisionsis the majority

decision of your group

quality of information: if you acquire informatioryou will know that the shown
colour (yellow’ or ‘blue’) is identical to the coect colour of your group with
probability 75% and does not represent the coretdur for your with probability
25%.

Only difference in Part Il

When choosing the colour there are only two alt&ras.

After the participants who acquired information @dween shown a colour, all participants,

also those who didn’'t acquire information, are dsk® choose between the following two

alternatives:

‘vellow’

‘blue’
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This decision is free of charge (0 points). The saues for the two other members of your
group. While making this decision, no one of yowks the decision of each other member.

Note: Because the members of your group have toseheither ‘yellow’ or ‘blue’, both
colours having the same number of decisions cancair. The majority decision will never

be determined randomly.

Status: Teil 2 Runde: 7 von 30 Punitestand: 0 Punkte

Farbauswahl

Ihre Information lautet D

Welche WWahl treffen Sie?

GELB
BLAU

Further course of Part Il

Before beginning with Part 1l, we will hand out aizy Please fill in the quiz. The quiz shall
assure that all participants have read the instmstfor Part Il carefully. When you are
finished reading the instructions and have filledhe quiz, please raise your hand. One of the
experimenters will come to you to answer any ofryguestions and check your answers to
the quiz. Please wait until all participants hawveshed the quiz. Then we begin with Part Il

of the experiment and you can earn points.

The instructions for the other sessions were simBacause the treatments were played in

reversed order, the relevant points were changeshoh page.
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Quiz (Treatment Abstention)

Please try to answer the following questions.

1. The line-up of your group changes from roundbtand. Right
Wrong
2. In every round there are three participantsourgroup (you and two other
participants). Right
Wrong
3. Before every round, the computer randomly detegmwhich colour, “yellow” or

“pblue”, is the correct colour. Both colours have #ame probability (50%)
Right Wrong

4. If you acquire information about the correctozs| you will have to bear the cost of
25 points. If you acquire no information about tloerect colour, no cost will arise (0
points). Right Wrong

5. If you acquire information you will know thatefisplayed colour (“yellow” or “blue”)
is identical to the correct colour of your grougiwa probability of 75% and that it does

not represent the correct colour in your group \&itrobability of 25%.

Right Wrong
6. Suppose in this round you have decides to chtdhse” and participant X and
participant Y have chosen “no colour”. What is thajority decision of group in this
round?
7. Suppose in this round you and participant U lila@ded to choose “yellow” and

participant V has chosen “blue”. What is the mayodiecision of your group ind this

round?

8. Suppose you and the other two participants ur gooup have each chosen “no
colour”, so that the number of decisions for “yelfcand “blue” each are equal (zero

each). What is the majority decision of your graughis round?
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10.

11.

12.
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In rounds which all participants of your grougvl chosen “no colour”, each
participant automatically receives a payoff of inps Right

Wrong

Suppose you acquired information and chosedtwair “yellow” during the choice of
colour. Furthermore, “blue” is the majority decisias well as the correct colour of your

group. How large is your payoff in this round?

Suppose you acquired no information. Furtheentyellow” is the majority decision

as well as the correct colour of your group. Homgéais your payoff in this round?

Suppose you have acquired information. Furtbegpiyelloe” is the mahority
decision but “blue” is the correct colour of youogp. How large is your payoff in this

round?
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Quiz (Treatment Non-abstention)

Please try to answer the following questions.

1. The line-up of your group changes from roundbtand. Right
Wrong
2. In every round there are three participantsour group (you and two other
participants). Right
Wrong
3. Before every round, the computer randomly detegmwhich colour, “yellow” or

“pblue”, is the correct colour. Both colours have #ame probability (50%).
Right Wrong

4. If you acquire information about the correctozs| you will have to bear the cost of
25 points. If you acquire no information about tloerect colour, no cost will arise (0
points). Right Wrong

5. If you acquire information you will know thatehdisplayed colour (“yellow” or
“blue”) is identical to the correct colour of yogroup with a probability of 75% and
that it does not represent the correct colour ur gsoup with a probability of 25%.
Right Wrong

6. During the choice of colour you can only chobstveen “yellow” and “blue”.
Right Wrong

7. Suppose in this round you have decides to chtnbge” and participant X and
participant Y have chosen “yellow”. What is the oréty decision of group in this

round?

8. Suppose you acquired information and chosedloaic“yellow” during the choice of
colour. Furthermore, “blue” is the majority decisias well as the correct colour of your

group. How large is your payoff in this round?

9. Suppose you acquired no information. Furtheryedlow” is the majority decision

as well as the correct colour of your group. Homgéais your payoff in this round?
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10. Suppose you have acquired information. Furtbegniyellow” is the majority
decision but “blue” is the correct colour of youogp. How large is your payoff in this

round?



