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Abstract

We consider a committee of voters randomly drawn from a larger population facing
an infinite sequence of voting decisions, akin to a citizen jury. We propose a new voting
mechanism for such juries where each voter has a privately known von Neumann-
Morgenstern (vNM) utility function over social alternatives in each decision, and
is asked to report a real-valued ‘valuation’ for each alternative of a decision. We
further impose a probability of being removed from the committee for the next decision
dependent on the report of a voter. If a voter is removed, then they are replaced
by some non-committee member from the larger population. We show that when
the voters’ discount factor is large enough, imposing a probability equal to a scalar
multiple of the Vickrey-Clarke-Groves tax leads to truthful revelation by the voters
and consequently utilitarian efficient outcomes at a Bayesian Nash equilibrium.

1 Introduction

Citizen juries are committees of ordinary citizens selected by a government to advise
them on a particular issue. They are already used around the world for a variety of issues
such as waste management (Australia), constitutional reform (Ireland), political donations
(Estonia) and mental health strategy (Canada). Citizen juries are usually selected for a
particular issue and through a process known as sortition: a random selection from the
larger population of citizens. Information regarding the issue is made available to them,
and the jury members deliberate and deliver a verdict. Sometimes the verdict is given in
the form of a decision e.g. to support or reject a policy proposal. This gives rise to the
question of what voting rules could be desirable in such citizen juries. Voting in today’s
world normally entails declaring what a voter most prefers or ranking the alternatives in
order of preference. A number of voting rules exist that allow voters to make such reports.
The most commonly used voting rule is the plurality rule where each voter is allowed to
declare their most preferred alternative and the alternative with the maximum votes is
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declared the winner. However, the plurality rule does not allow voters to express exactly
“how much” they like an alternative and so the winning alternative might be one that
is not liked too much by a narrow majority but hated by a large minority. Other voting
rules, in which voters are only able to represent their ordinal preferences either fully or
partially, have similar problems. These include the Borda Rule, in which voters rank
the alternatives in their order of preference and Approval Voting, in which voters simply
declare which alternatives they approve of and which ones they do not. The Borda rule,
for example, faces the same problem as the plurality rule as well as other opportunities
for strategic voting such as declaring the second-most preferred alternative as the least
preferred alternative if the most likely winners are the first and second preferences.

The Gibbard-Satterthwaite Theorem says that no deterministic and non-dictatorial
voting method is immune to tactical voting when there are at least three alternatives and
all possible profiles of ordinal preferences are feasible. Thus, any incentive-compatible
mechanism must impose some restriction on the domain of preference profiles, such as
single-peakedness or quasilinearity. In our model, we assume that each voter has addi-
tively separable intertemporal expected-utility preferences over the outcomes of an infinite
sequence of future decisions. We consider an infinite sequence of decisions because we as-
sume that new decisions will continuously be made in the future. Incentive-compatibility
is achieved by forcing each voter to trade off between her influence over the present deci-
sion and her potential influence over future decisions. Our mechanism allows each voter
to report a cardinal utility function for each decision, and selects the alternative that
maximizes the sum-total reported utility; assuming truthful reports, this is equivalent to
maximizing utilitarian social welfare.

For the context of citizen juries facing an infinite sequence of decisions, we propose
a class of “Sortition Mechanisms” that select a committee of voters from a larger pop-
ulation, and allow voters to express cardinal preferences. The Sortition Mechanisms we
characterize can be applied to decisions with two or more discrete alternatives. To in-
centivize honest reports, the mechanisms impose a cost on the voters depending on what
they report in the form of a tax on their probability of being allowed to remain in the
committee for the next decision. So at the end of each decision, each voter is assigned a
probability of being removed from the committee depending on what they reported, and
then randomly removed and replaced with other members of the larger population. The
Sortition Mechanism then proceeds in a manner similar to the previous decision for all
subsequent decisions. Removal from the committee is costly for a voter because she will
not be able to influence future decisions. Hence, she must make the trade-off between
influencing the current decision and being able to participate in future ones. We consider
some approximations and conditions on the way voters are selected into committee and
show that a tax on the probability equal to a specific scalar multiple of the Vickrey-Clarke-
Groves tax incentivizes truthful revelation in the form of Bayesian incentive-compatibility.
Consequently, the class of mechanisms maximize utilitarian social welfare at a Bayesian
Nash equilibrium. This consequently means that the case of a scalar multiple of the Piv-
otal Vickrey-Clarke-Groves tax also achieves these properties. In this case, a voter would
be deterred from exaggerating their utility of an alternative because they would face a tax
on their probability of participation in future decisions if they are pivotal in making that
alternative win.
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The rest of this paper is organized as follows. Section 2 reviews the related literature
and highlights out contribution to it. Section 3 sets up the model and defines the mech-
anism while Section 4 contains our main results. Section 5 concludes and the Appendix
contains the proofs of our results.

2 Review of the Literature

The problem of incentivizing agents to reveal their true preferences has been studied by
economists for several decades. Under the assumption of quasi-linear preferences, the
Vickrey-Clarke-Groves family of mechanisms achieves dominant strategy incentive com-
patibility and hence utilitarian optimality (Clarke, 1971; Groves, 1973). They do this by
allowing each voter to report her utility for each alternative as a willingness-to-pay in terms
of money or some other numéraire with an exogeneous value. The winning alternative
is defined to be the alternative with the maximum sum-total reported utility. By trans-
ferring to each voter the sum of the reported utilities of the other voters for the winning
alternative, the mechanism causes each voter to internalize the externalities of her partici-
pation and incentivizes her to report her true utility function. The mechanism maximizes
utilitarian social welfare as a result. However, budget balance cannot be achieved so there
may be a net monetary transfer between the voters and the government. The Expected
Externality mechanism, on the other hand, achieves budget balance at the cost of a weaker
Bayesian incentive-compatibility (d’Aspremont and Gérard-Varet, 1979) by defining the
transfers to be the expected value of those in the Vickrey-Clarke-Groves(VCG) family of
mechanisms. The Quadratic Voting mechanism, which requires voters to pay the square
of the valuations they report for each alternative, is asymptotically utilitarian-efficient for
a large voting population, but is only applicable to binary decisions (Weyl, 2012, 2017;
Goeree and Zhang, 2017; Lalley and Weyl, 2019; Tideman and Plassmann, 2017). Voting
at quadratic cost has been extended to apply to decisions of two or more discrete alter-
natives with the Quadratic Transfer Mechanism which asymptotically achieves utilitarian
optimality for a large electorate (Eguia et al., 2023).

Despite the merits of mechanisms such as the VCG mechanisms and Quadratic Voting,
they require that voters have preferences that are quasi-linear in money, and they require
the voters to make monetary transfers. Thus, a larger influence on the outcome of the
election can be achieved by the capability to make larger monetary transfers. The obvious
problem with this is that rich people will have a disproportionately high influence on the
outcome. To address these concerns, a number of mechanisms using an “artificial cur-
rency” have been developed. These include the Hylland-Zeckhauser mechanism (Hylland
and Zeckhauser, 1980; Benjamin et al., 2013), Storable Votes (Casella, 2005), the link-
ing mechanism (Jackson and Sonnenschein, 2007; Hortala-Vallve, 2010), some versions of
Quadratic Voting (Casella and Macé, 2021; Casella and Sanchez, 2022) and the Quadrat-
ically Normalized Utilitarian Voting mechanism (Ghosh and Pivato, 2024). For example,
in Casella’s version of Quadratic Voting, each voter votes on multiple simultaneous binary
decisions with a fixed budget of “voting points” which can be allocated across these deci-
sions. This creates an opportunity cost of allocating these points to one decision instead
of another thus disincentivizing the exaggeration of preferences. The Quadratically Nor-
malized Utilitarian Voting mechanism uses this intuition and a weighted quadratic cost
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function to achieve an asymptotic dominant strategy incentive-compatibility and utilitar-
ian efficiency for a large electorate and a large number of decisions. Another example is
the Linking Mechanism, where there is a sequence of decisions and each voter is allowed to
report a particular preference intensity only as often as the expected frequency of it being
drawn from the type distribution. The mechanism is asymptotically Bayesian incentive-
compatible and ex-ante efficient for a large sequence of decisions. Upper bounds in the
welfare loss for a finite sequence of decisions have also been established in the literature
(Ball and Kattwinkel, 2024).

There is also a stream of literature on ex-ante utilitarian optimal voting without the
expression of cardinal preferences. A number of works exist for the case of binary de-
cisions. Schmitz and Troger (2012) show that if utilities are stochastically independent
across agents and the distribution is symmetric, majority voting is ex-ante optimal among
all anonymous and incentive-compatible rules. Azrieli and Kim (2014) shows that only a
specific class of qualified majority rules defined by them is anonymous, incentive compat-
ible and ex-ante efficient. Griiner and Troger (2019) introduces voter participation costs
and defines a linear voting rule to be a rule that weights alternatives. So if a voter votes
in favour of an alternative, the score of that alternative will increase by a constant. They
show that any ex-ante efficient mechanism is a linear rule. Finally, Gershkov et al. (2016)
considers the case of two or more discrete alternatives and single-crossing preferences and
proposes a sequential qualified majority voting rule. Each alternative is either approved or
disapproved using qualified majority voting. If it is disapproved then the next alternative
is voted on. They specify the majority thresholds and other conditions under which the
mechanism is dominant strategy incentive compatible and ex-ante efficient.

The literature on sortition covers a variety of topics. In a setting where voters have
a preference order over alternatives and the outcome is determined in a deterministic
manner, Saran and Tumennasan (2013) show that social choice functions that are imple-
mentable at a Nash equilibrium can also be implemented after taking a random sample of
voters from the population. They show that this is possible under their “p-monotonicity”
condition on the voters’ preferences and some conditions on the way voters are sampled.
In another paper, Saran and Tumennasan (2019) obtain a similar result for a Bayesian
Nash equilibrium under a “Bayesian monotonicity” condition and conditions on how the
voters are sampled. They also show implementability in other environments without any
monotonicity conditions. Other work on sortition includes the establishment of bounds
on the deviation from optimal welfare for the entire population when a randomly selected
committee makes the decision. This has been done for the majority rule (Meir et al.,
2021) as well as voting mechanisms with pair-wise comparisons of alternatives (Anag-
nostides et al., 2022). Finally, another problem is that of obtaining committees that are
representative of the larger population. In a setting where there is bias in the character-
istics of volunteers (e.g. gender, education etc) willing to participate in the committee,
Flanigan et al. (2020) et al proposes an algorithm that selects committees satisfying cer-
tain quotas on these characteristics while ensuring that each agent in the population has
an almost equal probability of selection. Flanigan et al. (2021b) also proposes algorithms
that achieve such committees. However, their algorithms instead ensure that probabilities
of selections approximately maximize either a Maximin, Leximin or Nash Welfare objec-
tive function respectively. Ebadian et al. (2022) measure the representation of an agent
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by taking the distance between the ¢** closest committee member and the agent where
each agent’s location on a metric space indicates their preferences. They go on to show
trade-offs between representation and fairness (i.e. equal probability of selection). Their
‘RandomReplace’ algorithm performs better than uniform selection (i.e. selecting each
possible committee with equal probability) in managing this trade-off.

We propose a class of mechanisms in the context of citizen juries that are Bayesian
incentive-compatible and utilitarian efficient under conditions on the way the committees
are selected and on the discount factor of the voters. We do so without requiring money
as a numéraire or restrictions on preferences such quasi-linearity. Our results apply to
decisions with more than two discrete alternatives.

3 Model and Mechanism

We consider a population of agents denoted by the set M = {1,2,..M} from which a
committee with a set of voters Z = {1,2,..1} is selected. The committee is to vote in
a set of decisions indexed by N. There are an infinite number of decisions and they are
sequential i.e. one decision is voted on and the outcome is decided before the next decision
is voted on. For each decision n € N, the set of alternatives is A = {1,2,...A}. We assume
an equal number of alternatives in each decision for the sake of analytical tractability as it
helps us obtain a recursive Bellman equation type expression for a voter’s expected utility
function. An example of a decision could be an issue such as “Should there be a new
metro line introduced from location X to location Y?” where the alternatives would refer
to being either for or against it. For any voter ¢ in any decision n, we denote her type by
i € © where O is some measurable type space. Her vNM utility function for a decision
n is given by u : © x A — [0,1]. We also assume that each voter has the same discount
factor ¢ € [0, 1]. For each voter, their type is drawn from some distribution after the result
of the previous decision and before the voter votes on decision n. Let f be the distribution
from which the type of each agent in the entire population is drawn from independently
and identically across decisions and agents. Moreover, we assume this distribution, the
discount factor and the members of the committee are known to everyone. In each decision
n € N, each voter i € Z is allowed to report a type éﬁl € O i.e. a type that may not be
their true type.

We next define the class of Sortition Mechanisms as voting mechanisms where com-
mittee members are randomly selected from a larger population, decisions are made using
a voting rule and then committee members are randomly replaced with agents from the
larger population before the next decision. More formally, we define a Sortition Mechanism
for a set of M agents over an infinite sequence of decisions indexed by N to be a mech-
anism S = (¢°,d, ¢") where ¢* : M — A(M) determines the probability of each agent
in the population M of being selected in the committee before each decision. Moreover,
d:©! - A(A) is a decision rule that determines the outcome of a decision depending
on the committee members’ reports, and ¢" : ©/ — A(Z) is a rule for removing current
committee members after a decision depending on their reports for the decision.

We are interested in finding Sortition Mechanisms that yield efficient decisions in a
Bayesian Nash equilibrium. We follow a utilitarian notion of efficiency as defined below:
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Definition 1 A Sortition Mechanism S is utilitarian efficient if:

(o, )—argmaXZ (0,a) V6,e0! neN. (1)

acA
i€l

In the definition above, 8,, = (G%)iez is the vector of true types in decision n. Therefore,
our notion of efficiency is that the winning alternative in each decision should maximize
the total welfare of the committee. Utilitarian efficiency is usually obtained by first incen-
tivizing voters to truthfully reveal their type in equilibrium so that the efficient outcome is
computed accurately. Therefore, we aim to find Bayesian incentive-compatible Sortition
Mechanisms and to define this, let s : © — © be a voter i’s strategy as a function of her
type in decision n and let it belong to the set of strategies available to the voter denoted
by X. Moreover, let s’ = (si)? be the infinite sequence of strategies for i starting
from decision n. Let us further denote the case of a truthful sequence of strategies by
5%, = (0i)_ . Finally, let us denote her total expected utility from decision n as well as
all future decisions by U, : ©f x ${mntlh} Rt where X7+ -} denotes the set of
possible strategies in all future decisions combined. This expected utility is dependent on
the true type of the voter in that decision as well as her vector of strategies. Moreover,
since we are interested in truthful equilibria, this expected utility is computed by fixing
the other voters’ type reports to truthful reports from decision n onwards. As the types
of the future decisions are not known in advance, computation of the expected utility will
require the beliefs on the type space set up in the model, thus meaning that we have a
Bayesian game. We therefore define Bayesian incentive-compatible Sortition Mechanisms
as follows:

Definition 2 A Sortition Mechanism S = (¢°,d, ¢") is Bayesian incentive-compatible if:

Un(6,0,7,5) > U, (0,0, s) Vsiextnrtled (g 9y e0 neN andicI.
In the definition above, 6,° = (9%)]-#, jez are the types of the voters other than voter i
in decision n. Therefore, a Sortition Mechanism is Bayesian incentive-compatible if every
voter maximizes their expected utility by revealing their true type when the other voters
are truthful and this is so for each decision.

We will show that a set of mechanisms satisfying Bayesian incentive-compatibility and
utilitarian efficiency fall into a sub-class of sortition mechanisms which we will call the
class of Vickrey-Clarke-Groves(VCG) Sortition Mechanisms. In this class of mechanisms,
the decision rule is such that the winning alternative in each decision n is the alternative
that maximizes the total reported utility and is given by:

a*(0;,0,) = argmax) u(f),a), (2)
el

where HA;Z = (éﬁ;)j#’jez are the types reported by the voters other than voter ¢ in decision
n. When the outcome is decided, each voter ¢ is assigned a probability of being removed
from the committee and is randomly replaced by someone else from the larger population
for the next decision. In the VCG Sortition Mechanisms, this probability of being removed
or remaining in the committee is determined by the type reports of the voters in the
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committee. In case the voter randomly remains in the committee for the next decision,
they will have a probability of remaining in the committee two decisions in the future as
well, depending on what voters report in the next decision. The mechanism proceeds in
a similar manner for all members of the population and all decisions.

Now let G : ©/~! — R be an arbitrary function (determined by the mechanism
designer), and define the “tax” function ¢ : ©/ — R by:
) = GO,)— >, w@}a*(8;.6,). 3)

j#i, 56T

A

t(0,,,0,

Thus, ¢(A%,6,") is a function G(,") that is independent of the reported type of a voter
i, minus the total reported utility of the voters other than voter (.WhiCh is dependent

on voter i’s reported type through the decision outcome a*(é;,é:). This is the tax

from the Vickrey-Clarke-Groves family of mechanisms so an example would be where
7

GO ) = Zj¢i7jezu(éj,a*(é_z)) V@ € ©! where a*(@ ') is the winner when voter i’s
report is excluded. This would lead to the tax being the amount by which a voter is
pivotal.

Let us also define:

i, = Eg g,lu@a*(@.6,)], (4)

n n?

where é}l is the random variable that generates voter ¢’s true type in decision n, while
0, = (éﬁ)zez is the random variable for all the committee members in decision n. Thus
formula (4) is what voter i’s expected utility in decision n would be if voter r were in the
committee instead of ¢, and all the voters in the committee revealed their true types. This
expected utility will be the same for any ¢ € Z and n € N as the voters’ types are i.i.d
across voters and decisions. Therefore, we can drop indices ¢ and n leaving the notation as
u. Moreover, we can use this and the previous definition to define a “Tazx on Probability
of Participation (TPP)” i.e. we define a ‘tax’ in terms of the probability that a voter
will be removed from the committee for the next decision. Each voter’s probability of
participation is set to 1 before each decision is made and the TPP is subtracted from
this probability of participation after the decision is made. The voter then remains in the
committee with the new probability of participation. If they are then randomly chosen to
remain, then their probability of participation is reset to 1 for the next decision, and the
mechanism continues in a fashion similar to the last decision.

We define the Tax on the Probability of Participation T': ©f — [0,1] as a specific
scalar multiple of a VCG tax as follows:

_— (1-6)t(0,.6,,")
5 |Bg, |ulh.a* (@, 6,) ~ 1636, ~a]

for all i e Z. (5)

Therefore, the probability that voter ¢ will remain in the committee after decision n will be
1— T(éfl, OA:) As the tax on the probability of participation is a scalar multiple of a VCG
tax, a voter is more likely to be removed from the committee if they report more ‘intense’
preferences i.e. a utility function that assigns a very large value to one alternative relative
to the others. Note that this scalar with which the VCG tax is multiplied in (5) will be the
same for all voters and decisions because of the i.i.d types and identical discount factors.
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Finally, we define a VCG Sortition Mechanism Sycg to be a Sortition Mechanism

(2

with d(8,) = a*(,) according to (2) for all 8, € © and n e N, and ¢" = (T(6%,0,"))ics
according to (5) for all n € N. Therefore, our model considers the class of VCG Sortition
Mechanisms which is a subset of the class of Sortition Mechanisms. The class of VCG
Sortition Mechanisms would proceed in a manner described by Figure 1.

Voters' types
2 Voters randomly
are drawn: 4
R removed and replenished
n ! 3

Declared types:
(7’{1 Yo

Outcome Function: VCG Tax on Probability
argmaxaea Y u(0), a) of Participation V i

VCG Mechanism

Figure 1: Flowchart of a VCG Sortition Mechanism.

We aim to show that a sub-class of VCG Sortition Mechanisms are Bayesian incentive-
compatible (in a manner similar to d’Aspremont and Gérard-Varet (1979)) and efficient
under some conditions and an approximation on the way agents are selected into the
committee. We consider the case where M » I i.e. when the population size is much
larger than the committee. In this case, the probability that a voter removed from the
committee after a decision will be re-selected into the committee again in the future is
negligible. This is akin to small citizen juries selected from a very large population to
advise the government. The size of the committee is so small relative to the size of the
larger population that the probability of being selected into a committee is negligible.
Therefore, the approximation we make is that we neglect the probability of re-selection.

4 Main results

The VCG Sortition Mechanisms assign a probability of that an agent is selected into
the committee, but this selection process is exogenously set by the mechanism designer.
However, the probability of removal from the committee is set according to (5), so the Tax
on the Probability of Participation defined by these equations needs to be between 0 and
1. As we will be examining equilibria with truthful revelation, we first establish conditions
under which this is true when voters reveal their types truthfully. These are described in
the following lemma, where we establish conditions under which truthful equilibria will
have TPP between 0 and 1 for each voter.

Lemma 1 For anyneN andieZ, 0<T(0:,0,") <1 for all 8, € O if and only if the

n
following conditions are satisfied simultaneously:



Utilitarian Voting for Permanent Citizens’ Assemblies August 25, 2025 9

a)

G0, = D u®),a*(0,0,"), forall®,c0. (6)
j#i, jeT
b)
ﬂ+E§;i[G(5?)] < Eg, [Zu(@;,a*(é};ﬁnz))]- (7)
€L

c) 6 =4, for all 0, € O, where:

n

£(603,0,")
Eg, |u(ia*(0;.6,") - (65.0,)| + 165, 6,") —

(8)

n

Therefore, when voters vote truthfully, the TPP function defined by (5) is guaranteed to
be between 0 and 1 when G is set appropriately by the mechanism designer according to
Lemma 1. Note that if Lemma 1 is satisfied for some n € N and ¢ € Z, then it is satisfied
for all n € N and i € Z due to the i.i.d types of the voters. Part (a) says G must always
be greater than or equal to the total welfare of the other voters in the committee, while
part (b) says the expected welfare of the committee must be at least as large as the sum
of the expectation of G and a voter’s expected utility without participation. Finally, part
(c) says the discount factor must be greater than or equal to §, which is itself determined
by the choice of G. The proof of Lemma 1 has been left in the appendix, where we also
show that § < 1 if G satisfies (6) and (7). Therefore, there will always be some 0 < § < 1
such that the TPP is between 0 and 1 when the voters are truthful and G satisfies (6)
and (7).

4.1 Efficiency of VCG Sortition Mechanisms

We now proceed to characterize the incentive compatibility and efficiency of a sub-class of
VCG Sortition Mechanisms which satisfy the conditions in Lemma 1 under our approxi-
mation on the probability of future re-selection into the committee after being removed.
For the sake of describing this approximation, let ¢*(m) denote the probability that an
agent m € M will be selected into the committee for a decision. To obtain our results, we
consider the case that limp; o, ¢*(m) = 0 for all m € M\Z i.e. the committee selection
process is such that the probability that an agent that was not in the committee in the
previous decision will be selected into the committee for the forthcoming decision, tends
to zero for a large population size. Therefore, we consider the case of a large population
relative to the size of the committee i.e. M » I and we neglect this probability of selec-
tion altogether in our computations. By doing so, we can compute a voter ¢’s expected
utility when the other voters are truthful in today’s as well as all future decisions. Let us
consider a voter ¢ in the committee voting on some decision with an index n. This can
be thought of as the decision to be made today. Then after neglecting the probability
of re-selection into the committee if she is removed at some point, the voter i’s expected
utility for participation in the committee in round n is:
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Un(01,0,7, 51) = u(6, a*(51,(65), 8,7)) + (1 = T(si,(61), 0,))0Eg,  [Uns1(rr, 6,01, 50,0)]
FT($H0,), 0,070 5B e g o[l (00, 6,00)] (9)
The first term on the right-hand side of (9) is voter i’s utility for today’s decision, which
depends on the winning alternative of the decision. This in turn depends on the strat-
egy of voter i. The second term is the probability of remaining in the committee for
decision n + 1 (given by (1 — T(s%,(6%),0,"))) times the discounted expected utility from
participating in the committee in round n + 1 (6Eg5 [Un41(0% 1, 5;11, si.1)]). Finally,
the last term is the discounted expected utility from all future decisions if the voter is
removed from the committee for decision n + 1. Tt is T(s%(6%),0,") (ie. the proba-
bility of being removed), times the discounted future expected utility from all future
decisions. If the voter is removed from the committee, she will have a negligible proba-
bility of being re-selected, so her future discounted utility, in this case, will be her future
discounted expected without her participation in any future decision. However, her ex-
pected utility in each decision without her participation is the same because of the i.i.d
types. Therefore, the future discounted expected utility without participation boils down

to 5E(53+1,§n+1)[1¢(9%+17a*(9~£+1,§;+1))] + 52E(§;+27§n+2)[u(§2+2,a*(§;+27§;+2))] +.=

= PP o
%E(é;+1aén+l)[u(9;+l7 a*(0),.1,0,.,1))]. From the Bellman equation in (9), we see that
any voter ¢ will have the same expected utility function in each decision except for a

change in indices. Therefore for simplicity, we can drop the index to obtain and replace
E(ézﬂ’énﬂ)[u(é};ﬂ, a*(9~;+1, é,:il))] with @ to obtain an expected utility function of the
form:

~—;

U007, s") = u(f',a*(s'(6),07") + (1 — T(s'(6"),07))SE4(U (6", 6 ", s")]
5T(s'(6%),07 )@
+ -3 .

(10)

A voter i voting in any decision maximizes their expected utility given in (10) with re-
spect to their strategy s* € {12}, In the following main result, we show that for each
voter, revealing their true type in each decision maximizes their expected utility. As a
consequence, the sub-class of VCG Sortition Mechanisms is efficient. Here is our main
result.

Theorem 1 Define G according to (6) and (7), and 0 according to (8). If § = 4, then
VCG Sortition Mechanisms are Bayesian incentive-compatible and utilitarian-optimal.

Therefore, VCG Sortition Mechanisms with the appropriately defined GG are incentive-
compatible and efficient when the discount factor is large enough.
4.2 Efficiency of the Pivotal Sortition Mechanism

Theorem 1 characterizes a class of VCG Sortition Mechanisms that are efficient. It can

be observed that setting G(07") = Zj¢i7jelu(0j, a*(07%) VO € ©! where a*(07) is the
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winner when voter i’s report is excluded, satisfies (6) and (7). We call this the Pivotal
Sortition Mechanism because according to the definition of the TPP in (5), a voter will
only have a strictly positive tax on their probability of participating in the next decision
if they are pivotal in changing the outcome. We state a corollary result on this following
Theorem 1.

Corollary 1 Define 6 according to (8). If § = ¢, then the Pivotal Sortition Mechanism
18 Bayesian incentive-compatible and utilitarian-optimal.

Proof: Note that > w(6?,a*(07%) = 3 w(¢’,a*(0°,07")) for all @ € O, because
J#i, jEL j#i,5€T

the total utility of the committee members other than voter ¢ when voter ¢’s report is

excluded must be at least as large as their total utility with her participation according

to the definition of a*(6?,07"). Therefore, condition (6) is satisfied. Moreover, we have:

GO = > u(t,a*(07%)) for all § € ©F
j#i,5€T

;»Eg[a(é‘i)]:Eé[ > u(éj,a*@_i))]

J#i, €T

=+ Es[GO )] <Eg4 [Z u(@, a* (67, é"j)] :

* €l

where we get (*) because the LHS is the expected total utility of the committee if one
voter’s report is excluded and RHS is the expected total utility when everyone’s reports
are included. The expected total utility when everyone’s reports are included must be
greater so our choice of G satisfies (7) as well. Since conditions (6) and (7) are satisfied,
Corollary 1 follows from Theorem 1. |

Besides being incentive-compatible and efficient, the Pivotal Sortition Mechanism has
the property that a voter will face a zero tax on the probability of participation unless they
are pivotal in changing the outcome. This may be preferred to an alternative definition
of G where a voter would face a TPP even when they have not influenced the outcome.

5 Conclusion

We consider a case akin to a citizen jury, where a committee faces an infinite sequence of
future decisions. The committee is randomly selected from a larger population - a process
known as sortition - and asked to deliver a verdict on an issue. We propose a sub-class
of VCG Sortition Mechanisms to allow voters to express their cardinal preferences and
incentivize truthful voting behaviour at a Bayesian Nash equilibrium when the discount
factor is large enough. Consequently, the winning alternative at a Bayesian Nash equi-
librium will be utilitarian efficient. The Pivotal Sortition Mechanism is an example of
a mechanism with these properties as well as the additional property that a voter will
only face a TPP when they are pivotal in changing the outcome. We obtain our results
under an approximation on the way voters are selected into the committee. We assume
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that the size of the committee is much smaller than that of the larger population and
that once a voter is removed from the committee, their probability of being re-selected
into the committee is negligible. Therefore, an interesting avenue of improvement over
this work could be the characterization of VCG Sortition Mechanisms without assuming a
very large population and neglecting the probability of re-selection. VCG Sortition mech-
anisms that are efficient in such a general scenario may be suitable for a wider variety of
applications as well such as committees in organizations tasked with hiring new members
or committees generally making decisions on the well-being of their organization.

A Appendix

Proof of Lemma 1 From (5), we see that for a particular choice of the function G, we will
have T'(0!,0,") = 0 for all 8, € © if one of the following two cases holds:

n»Tn

Case 1. #(0,6,") > 0 forall 6, € ©!, and Ej_ [u(é;,a*(éi a.")) — (0, é;i)] —a> 0.

n»“n n n

Case II. t(0,0,") <0 for all 8, € O, and Eg. [u(éﬁb, a* (6! 5_1)) — (0!, é;l)] —u<

n? n n? n
0.

We shall deal with these cases separately.

Case I: t(6%,0,") = 0 for all 8, € O, and Eg, [u(é}l, a* (6! é_z)) —t(0!, é;l)] —u>

n’ n n? n
0.

In this case, we have:

t(6,,0,") = 0 for all 6, € ©F < G(0,") = Z u(69,a*(6,0%)) for all @, € ©F,
j#i, j€T

(A1)

which is inequality (6) in part (a) of the lemma. Moreover, we have:

i

Eg, |u(0,0*(0;,0,") — 1(6.6,") | —a>0
S (@ B, 67) a<é;>] .

€L

O} Eén

—E; [G(6,)] +u <E; [Z w(@, a* (6 é;i))] : (A2)
i€l

which is inequality (7) in part (b) of the lemma.

n»“n n»-n

Case IT: t(#!,0,") <0V, € ©, and Eg [u(éﬁl, a* (0! é_z)) — (67, 0:2)] —u<0.
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In this case, we have:

t(6;,0,) <0V0,e0" <= GO,)< > u(b),ad*(0;,0,") for all , c ©

(3) n nyYn
j#i, j€T
= EaJG(éni)kEan[ 2 u(éfg,a*@;,én"))]
J#i, j€LT
= Eg [G(6,)] +a < Eg, [Z w(@,a* (01,6, "))
i€l

(A3)

where the last inequality is due to the fact that a voter i’s expected utility with their
participation in the decision must be greater than their expected utility without their
participation.

The second condition of Case II implies that:

Eg, [u(é;,a*(éi a.")) — t( é”)] a4 <0

< Es, > u(@,a*(0:,0,") - G(0,") | —u<0
i€l
—E; [G(6, )] +a > Eg, [2 u(0, a* (07, é;i))] . (A4)
i€l

From the definitions of Cases I and II, no G can satisfy Case I for some type realizations
and Case II for other type realizations. Moreover, one can observe that (A3) and (A4)
cannot be satisfied simultaneously. Therefore, there is no G satisfying Case II and the
only way to ensure a positive TPP is by selecting a G that satisfies Case I. This proves
parts (a) and (b).

To prove (c), note that

T(9,07") <1, for all @, € ©F

n»vn

(1-9)

GO, - X U(%a*(%ﬁ?))]

MO dats : <1, for all §,, € O
i€l
=G0, ~ ), ulth.d"(6,.6,")
j#1, j€T
<9 [Eén [Z u(ll,a*(0,,0,) = G(0,) | +G(0;) = Y u(b],a*(6},6,") —a
i€l Jj#i, j€LT

«=§ >4, for all 9, € O,
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where () is by defining formulae (3) and (5), and where
GO, — X ul(th,a*(6,60,"))

5 n iider n'’n
Eg, [Z u(fi,a*(8:,6,")) — G(én’d] G0, ~ Y ul6h,a*(6},0,%) ~a
€l Jj#i, j€L

(A5)
One can easily substitute the conditions in (A1) and (A2) to show that 0 < 1, for
all 6, e'G)I . This means that there will always be some § € [0,1] such that 0 <
T(0:,0,") <1 for all 8, € © when (A1) and (A2) are satisfied. Moreover, substituting

defining formula (3) into equation (A5), we get:
e % = e ST
Eg, [u(0h,a*(0},8,") ~ (03, 8,")| + 1(6}, 0,") —
which is the expression in (8). O

Proof of Theorem 1
a) Let us consider a Tax on the Probability of Participation of the following form:

—1

T@,6 Y=wt#,6 ") Viel, (A7)
where W € R. Moreover, let us set voter i’s strategy in all future decisions to truthful
revelation i.e. s%,(6%,) = 6% for all m > n where n is today’s decision. We shall test
whether deviating from truthful revelation in today’s decision is profitable when the
TPP is set according to (5). If it is not, then this will be so for all future decisions as

well due to recursive expected utility function in (10).

Now if we set truthful revelation in future decisions, then according to (10), a voter
1’s expected utility will be of the form:

—1

)]
)] (A8)

U'(0°,07",s") = u(@,a*(s(6"),077)) + (1 — T(s'(6"),0"))SE4[U* (0", 0
+ T(s°(6Y), e—i)%én;(

=u(0,a*(s'(0"),07")) + OE4[U" (6", 6

—1

NN

)]
WS {Eé[ﬁi(é@', 6"

CCRENDY U(W?a*(si(ﬂi)ﬁ_i))],

j#i,jeT

where (*) follows from (A7) and (3). One can observe that if we set:

W =
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we get:

—1

U'(0,07,s") = > u(0?,a*(s'(0"),07")) — G(07") + SE4[U(6°,6 ")]. (A9)

JjEL

One can observe from (A9) that a voter’s expected utility function is the social welfare
function maximized by the outcome (2) plus a constant. Therefore, it is a voter’s optimal
strategy to reveal their true type i.e. to set s*(0") = 0"V ie 7.

Moreover for any voter, we can further compute W from (A9) in the following manner:

Ti0',07) = > u(t?,a*(6",07")) — G(O7) + SE4[T (6,6
JET

)]

= E4[U° (9, g "] = Eg [2 W@, a* (61,6 ) — GO | + SE4[U"]

JET

~ o~

Eg | Yeru@.a*(0.6 ) - G0 )]

= E5[U°(6,6 )] = T (A10)
By substituting (A10) into the expression for W we get:
= W= — o ! ) ~

5 [B5L07(0, 67 )] — 5B g ) [u(@, 0% (67,6 ))] |

- 1-6
0 [Bg [Ser ul@,a*(@,67) = GO )|~ Ege ) [u(@,a*(07,67))]|

- _ _ (L_Z 9) — , (A11)
5 B [u(oi,a*(ei,o ) — (6,6 )] - a]

where (A11) follows from (3) and (4). Finally, substituting (A11) in (A7), we see that
our TPP in (5) achieves Bayesian incentive-compatibility when the conditions in Lemma
1 are satisfied. This is because a voter will not have an incentive to deviate from truthful
revelation in any decision.

b) Since 6i =@ for alli e T at a Bayesian Nash equilibrium, we see that the outcome
according to (2) will maximize social welfare at a Bayesian Nash equilibrium.

O
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