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1 Introduction

People have limited cognitive abilities and are prone to various behavioral biases; this
is documented by ample evidence in marketing, psychology, and behavioral economics lit-
erature. Thus, it is not surprising that the behavior of individuals may not be consistent
with the standard axioms of rationality.! What shall a planner do if she wants to imple-
ment a goal when the relevant information is distributed among “predictably irrational”
individuals?

The present paper provides an analysis of the theory of implementation under in-
complete information when individuals’ choices do not necessarily comply with the weak
axiom of revealed preferences (WARP), the condition corresponding to the standard ax-
ioms of rationality. Our results provide useful insights into behavioral mechanism design
as information asymmetries are inescapable in many economic settings.

In particular, we analyze full implementation under incomplete information when indi-
viduals’ interim choices do not necessarily satisfy WARP. Using the concept of behavioral
interim equilibrium (BIE) that parallels the equilibrium at the interim stage of Saran
(2011), we provide necessary as well as sufficient conditions for full implementation of
social choice rules in BIE. Therefore, our paper can be viewed as the incomplete informa-
tion counterpart of de Clippel (2014), which is one of the pioneering papers on behavioral
implementation under complete information.

Full implementation of a predetermined social choice rule requires that the set of
equilibrium outcomes of the associated mechanism fully coincides with the given social
choice rule. On the other hand, partial implementation only requires that the social choice
rule be sustained by an equilibrium of the mechanism; hence, it allows for other equilibria
associated with outcomes that are not aligned with the social goal at hand. An important
appeal of partial implementation involves the revelation principle, which implies, in the
rational domain and under incomplete information, the following: if there is a mechanism
that partially implements a predetermined goal, then there is a direct mechanism that
truthfully implements it. The undesired equilibria are then often disregarded on the basis
of the equilibrium with truthful revelation being the salient equilibrium, elegantly pointed
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out by Postlewaite and Schmeidler (1986) among others.” However, in our setting, we

IThis is why the recent trend involving the use of behavioral insights in policy-making has been grow-
ing stronger, implying an increased interest in adapting economic models to allow behavioral biases. In
particular, Thaler and Sunstein’s book Nudge, Ariely’s Predictably Irrational, and Kahneman’s Thinking,
Fast and Slow have been influential in guiding real-life policies. There is such a trend in the academic
literature as well, e.g., Spiegler (2011) provides a synthesis of efforts to adapt models in industrial orga-
nization to bounded rationality.

24[The] problem [of multiple equilibria] is sometimes dismissed with an argument that as long as
truthful revelation is an equilibrium, it will somehow be the salient equilibrium even if there are other



reaffirm that the revelation principle (for partial implementation) fails when individuals’
choices do not satisfy WARP.? Hence, in our environment, one cannot restrict attention
to direct mechanisms without a loss of generality. Thus, focusing on full implementation
rather than partial implementation becomes crucial in our setup.

In our behavioral environment, a given mechanism induces an incomplete information
game in which given a strategy profile, an individual choosing a message provides her an
interim Anscombe-Aumann (IAA) act that maps each type profile of others to alternatives.
Individuals’ choices on IAA acts are given and fail to satisfy WARP. As a result, we obtain
a general setup with incomplete information allowing a wide variety of behavioral aspects.

In this context, the BIE of a mechanism is a strategy profile such that each individual’s
plan of action depends only on her type (her private information) and is one of her best
responses at the interim stage. It is well-suited to our environment with interim choices
on IAA acts, not necessarily derived from preference maximization. Indeed, BIE reduces
to Bayesian Nash equilibrium in a rational setting under probabilistic sophistication.

To highlight the new grounds our results cover relative to the complete information
analysis of de Clippel (2014), we emphasize that full implementation in BIE is not the
same as behavioral (Nash) implementation on every complete information type space:
Each individual’s strategy is measurable with respect to her type and cannot vary with
others’ type profiles. This, therefore, results in a requirement akin to the addition of
interim incentive compatibility constraints.

Our necessity result, Theorem 1, shows that if a mechanism implements a social choice
set (SCS) in BIE, then the opportunity sets sustained in BIE of this mechanism, IAA acts
that an individual can obtain by changing her messages while her opponents’ strategies
remain the same, form a profile of sets of IAA acts with two desirable properties. We refer
to such a profile as a profile of sets of IAA acts interim consistent with the given SCS. Each
set that appears on this profile is associated with an individual, a social choice function
(SCF) in the SCS, and a deception profile of the other individuals with the following
property novel to the case of incomplete information—causing a significant difference
with its complete information counterpart, consistency of de Clippel (2014): Each such
set is independent of the type of the individual whom this set is associated with. Moreover,
the following hold: (i) For all individuals, all her types, and all SCFs in the SCS, this
individual’s choices at the interim stage from the set of corresponding IAA acts associated

with the truthtelling profile of the other individuals contain the TAA act associated with

equilibria as well” (Postlewaite & Schmeidler, 1986).

3To the best of our knowledge, the failure of the revelation principle in behavioral environments is
first documented by Saran (2011). Meanwhile, Bierbrauer and Netzer (2016) notes that the revelation
principle fails with intention-based social preferences.



the SCF given her type; (i) whenever there is a deception that leads to an outcome that
is incompatible with the SCS, there is an informant individual along with her informant
type such that she does not (interim) choose at her informant type the IAA act given
her informant type generated by this deception from her set of IAA acts associated with
others’ types identified via their deception. We show that the first of these, (i), implies
quasi incentive compatibility (Proposition 1) and establish that this condition is necessary
and sufficient for the partial implementation of an SCF in BIE (Proposition 2). Another
implication (Proposition 3) is that the revelation principle holds if individuals’ interim
choices satisfy the independence of irrelevant alternatives (ITA).

Our sufficiency result for implementation in BIE, Theorem 2, uses a mild condition
that requires some level of disagreement in the society (choice incompatibility) in addition
to interim consistency.

To showcase the applicability of our findings in economically relevant domains, first,
we analyze the implementability of efficiency in BIE. Due to the well-known conflict be-
tween efficiency and incentive compatibility, we restrict feasibility based on quasi incentive
compatibility in our behavioral incomplete information environment. Consequently, we
introduce the behavioral counterpart of interim incentive efficiency of Holmstrom and
Myerson (1983). Our construction parallels that of de Clippel’s complete information
efficiency and is obtained by entangling its structure with quasi incentive compatibility.
Further, we establish that the interim incentive efficient SCS is implementable in BIE
under standard conditions (Proposition 5). Second, we examine the implementability of
the constrained rational expectations equilibrium (CREE) in BIE. To do so, we introduce
a behavioral formulation of CREE and show that the corresponding SCS is implementable
in BIE under standard assumptions (Proposition 6).* Third, we display the full imple-
mentability in BIE of a selection from the interim incentive efficient SCS on an example
using minimax-regret preferences of Savage (1951), while an SCF in this set of SCS is
not partially implementable in BIE by its associated direct mechanism. This, therefore,
reiterates the failure of the revelation principle in behavioral domains, first observed by
Saran (2011).

In the implementation literature, positive sufficiency results often rely on “augmented”
mechanisms asking individuals to report more than their types. Such mechanisms seem
less intuitive and less practical than direct mechanisms to many researchers. That is why
we analyze the scope of situations where implementation in BIE is achievable via direct

mechanisms: Theorem 3 identifies a necessary and sufficient condition for an SCF to be

1See Palfrey and Srivastava (1987) and Bochet (2007) for the implementability of CREE in rational
domains.



implementable in BIE via its associated direct mechanism.

The use of the ex-post approach in the analysis of implementation under incomplete
information in rational domains provides additional practicality and tractability, espe-
cially when individuals’ ex-post choices are interdependent. (Bergemann & Morris, 2008)
To capture these attractive aspects in our environment, we propose a condition, Property
B, that links individuals’ ex-post choices with their choices on TAA acts. This condition
is in the spirit of Savage’s sure-thing principle as well as Property P of de Clippel (2020).
It demands that an IAA act be chosen from a set of TAA acts whenever for any state, the
corresponding realization of this IAA act is ex-post chosen from the set of alternatives
sustained by TAA acts in that set of IAA acts at that state. Thanks to this condition, the
notion of (behavioral) ex-post equilibrium (EPE)—a strategy profile in the incomplete
information game induced by the mechanism such that individual’s plans of action result
in (behavioral) Nash equilibrium play at every state—carries over the desirable robust-
ness properties of its counterpart in rational domains. Under Property B, every EPE
is a BIE. Hence, EPE induces robust behavior thanks to the following ex-post no-regret
property: no individual has any incentive to go back to the interim stage and find out
others’ private information. Moreover, EPE makes no use of any probabilistic informa-
tion. It is belief-free, does not involve any belief updating or expectation considerations,
and does not require any common prior assumption. We obtain a necessity result for
implementation in EPE, Theorem 4, and show that it implies a pseudo ex-post incen-
tive compatibility (Proposition 8) along with an ex-post choice monotonicity condition
(Proposition 7). Furthermore, we establish that under rationality, our pseudo ex-post
choice incentive compatibility and ex-post choice monotonicity are equivalent to the ex-
post incentive compatibility and ex-post choice monotonicity of Bergemann and Morris
(2008). We also establish a sufficiency result for implementation in EPE, Theorem 5, us-
ing the ex-post version of our choice incompatibility condition in addition to the condition
obtained in our necessity result.

While Property B instigates appealing properties for implementation in EPE, it comes
with a severe warning in environments with individuals’ ex-post choices failing WARP.
In such environments, the analysis of de Clippel (2020) exhorts us to be wary of the
use of EPE as Property B and the failure of WARP may generate a contradiction. We
demonstrate situations in which such a contradiction may appear and hence provide a
scope of safety for the justifiability of EPE.

Our paper is mostly related to de Clippel (2014), which provides necessary as well
as sufficient conditions for behavioral implementation under complete information. Be-

sides de Clippel (2014), another closely related paper is Saran (2011), which considers



behavioral partial implementation under incomplete information formalizing behavioral
aspects with menu-dependent preferences over IAA acts. It establishes that weak contrac-
tion consistency, a condition implied by WARP, is sufficient for the revelation principle.
Another related paper is Jackson (1991), which analyzes Bayesian implementation in the
rational domain. It generalizes the analysis of Maskin (1999) (on Nash implementation
under complete information) to the case of incomplete information. In this sense, what
Jackson (1991) is to the seminal work in Maskin (1999), our paper is to de Clippel (2014).
Alternatively, our paper can also be thought of as an envelope of de Clippel (2014) and
Jackson (1991). We extend de Clippel (2014)’s analysis to the case of incomplete informa-
tion and Jackson (1991)’s analysis to the case where individual choices’ need not satisfy
WARP. Another significant and related paper is Bergemann and Morris (2008), analyzing
ex-post implementation in the rational domain under incomplete information.

Hurwicz (1986), Eliaz (2002), Korpela (2012), and Ray (2018) have also investigated
the problem of behavioral implementation under complete information. Hurwicz (1986)
considers choices that can be represented by a well-defined preference relation that does
not have to be acyclic. Eliaz (2002), a seminal paper containing pioneering research on
behavioral implementation, provides an analysis of full implementation when some of the
individuals might be “faulty” and hence fail to act optimally. Then, the mechanism has to
deal with the complications that emerge due to each individual “optimally respond]ing] to
the non-faulty players regardless of the identity and actions of the faulty players.” On the
other hand, Korpela (2012) shows that when individual choices fail rationality axioms, the
independence of irrelevant alternatives, also known as Chernoft’s «, is key to obtaining
the necessary and sufficient condition synonymous to that of Moore and Repullo (1990).°

The organization of the paper is as follows: In Section 2, we provide the notation
and the definitions. Section 3 contains our necessity results; Section 4, our sufficiency
result. In Section 5, we analyze the implementation of interim incentive efficiency in BIE,
while Section 6 provides an example with minimax-regret preferences. Section 7 presents
our results analyzing when implementation in BIE is possible via direct mechanisms.

Section 8 contains an application, the implementation in BIE of the constrained rational

SThere have been other papers investigating implementation under complete information that allow
for “non-rational” behavior of individuals. An earlier paper of ours, Barlo and Dalkiran (2009), provides
an analysis of implementation for the case of epsilon-Nash equilibrium, i.e., when individuals are satisfied
by getting close to (but not necessarily achieving) their best responses. Glazer and Rubinstein (2012)
provides a mechanism design approach where the content and the framing of the mechanism affect
individuals’ ability to manipulate their information. Some of the other related work include Benoit and
Ok (2006), Cabrales and Serrano (2011), Kucuksenel (2012), Saran (2016), Kunimoto and Saran (2020),
Kunimoto and Serrano (2020), Bochet and Tumennasan (2021), Kunimoto et al. (2021), and Barlo and
Dalkiran (2022). For more on full implementation, we refer the reader to surveys such as Moore (1992),
Jackson (2001), Maskin and Sjéstrom (2002), Palfrey (2002), and Serrano (2004).



expectations equilibrium. Section 9 contains our analysis with the ex-post approach.

Finally, Section 10 concludes.

2 Notation and Definitions

Consider a set of individuals, denoted by N = {1,...,n}, who have to select an
alternative from a non-empty set of alternatives X. X’ stands for the set of all non-empty
subsets of X. Let © denote the set of all relevant states of the world regarding the choices
of the individuals. We assume that there is incomplete information among the individuals
regarding the true state of the world and that the true state of the world is distributed
knowledge. That is, © has a product structure, i.e., © = X;cny0; where 0; € ©; denotes
the private information (type) of individual i € N at state 0 = (0y,...,0,) € ©.

For any individual ¢ € N, an interim Anscombe-Aumann act (IAA) sustained by
O_; == x40, on X is g, : ©_; — X, a function mapping ©_; into X. We denote the set
of i’s TAA acts sustained by ©_; on X by 4; and let A := U,ex{a’ € A;} where af is
the constant TAA act with a*(0_;) = x for all 6_; € ©_;. For any /“Ell C A4; and any 6_;,
;i-(e_i) ={x € X | a(0_;) = x for some a; € /‘Elﬁ} Given ¢ € N, her type 6; € ©;, and a
non-empty subset of IAA acts § C A4;, the choice of individual © of type 6; from the set of
TAA acts S is given by C(S) C S with CP(S) # 0. We impose no further restrictions
on Cfi . o, — 4, where <7, denotes the set of non-empty subsets of 4;.°

We summarize our environment by £ = (N, X, (6;)ien, (C7)ien, o,co,), which is com-
mon knowledge among the individuals.

A state-contingent allocation (SCA) is a function mapping © into X. The SCA h :
© — X induces the following associated IAA act that individual i of type 6; faces:
hi g, € A; defined by f;,(0_;) = h(6;,0_;) for all 6_; € ©_;. We denote the set of all SCAs
by H:={h|h:0 — X}.

An SCF f : © — X is an SCA that specifies a socially optimal alternative—as
evaluated by the planner—for each state. As there may be many socially optimal SCAs
that a designer may wish to consider simultaneously, we focus on SCSs: An SCS, denoted
by F, is a non-empty set of SCFs, i.e., F C {f | f:© — X} and F # (.7 .# denotes the
set of all SCSs.

6Sen (1971) shows that a choice correspondence satisfies WARP (and be represented by a complete and
transitive preference relation) if and only if it satisfies independence of irrelevant alternatives (referred to
as ITA or Chernoff’s a (Chernoff, 1954)) and an expansion consistency axiom (known as Sen’s ). Letting
X be the set of all non-empty subsets of alternatives, we say that the individual choice correspondence
C : X — X satisfies (i) the ITA if x € SN C(T) for some S, T € X with S C T implies z € C(S); (i1)
Sen’s B if x,y € S C T for some S,T € X, and z,y € C(S) implies x € C(T) if and only if y € C(T).

"We note that it is customary to denote a social choice rule as an SCS rather than a social choice
correspondence under incomplete information. We refer to Holmstrom and Myerson (1983), Postlewaite
and Schmeidler (1986), Palfrey and Srivastava (1987), Jackson (1991) and Bergemann and Morris (2008).



We denote a mechanism by pu = (M, g) where M; denotes the non-empty set of mes-
sages available to individual ¢ with M = x;cnyM;, and g : M — X describes the outcome
function that specifies the alternative to be selected for each message profile.

A mechanism induces an incomplete information game-form in our environment.

An (interim) strategy of individual ¢ under mechanism p specifies a message for each
possible type of i and is denoted by o; : ©; — M;. Individual i’s opportunity set of IAA
acts under p for o_; consists of IAA acts that ¢ can unilaterally generate when the other

individuals use o_; := (0;);i, and it is given by

Ol(o_) = |J {a €| a(0-)=g(mi,o_i(6_;)) for all 6_; € ©_;} .
m;EM,;
Given individuals’ choices on IAA acts, a natural equilibrium concept that parallels

the interim equilibrium of Saran (2011) is as follows:

Definition 1. A strategy profile c* = (0})ien is a behavioral interim equilibrium
(BIE) of mechanism p = (M, g) if for all i € N and all 0; € ©;, a; € Cli(0'(0%)),
where a, s the IAA act defined by a;, (0_;) = g(o}(0;),0%,(0-)) for all 0_; € ©_,;.

In words, the strategy profile ¢* is a BIE of p if for any player ¢ and any type 6;, the
TAA act generated in the mechanism via the prescribed action o7 (6;) is chosen by i of
type 60; from the opportunity set of IAA acts of ¢ given others’ strategy o*,. The concept

of BIE gives rise to the following notion of implementation:

Definition 2. An SCS F € % is implementable in BIE if there is a mechanism
such that

(i) for all f € F, there exists a BIE o/ of u such that go o’ = f, and
(i) if 0* is a BIE of u, then goo* € F.

Given an SCS, implementability in BIE demands the existence of a mechanism such
that (i) every SCF in the SCS must be sustained by a BIE of that mechanism, and (i7)
every BIE of the mechanism must correspond to an SCF in the SCS. Hence, our focus is
on full implementation. We refer to an SCF f as being partially implementable in BIE
whenever condition (i) of Definition 2 holds for F' = {f}.

Any mechanism that implements an SCS in BIE should take into consideration individ-
uals’ private information. However, individuals may misreport their private information.
We denote a deception by individual ¢ as «; : ©; — 6;. The interpretation is that «;(6;)
is individual i’s reported type. Therefore, a(0) := (a1(0;), az(0s), ..., an(0y,)) is a pro-
file of (possibly deceptive) reported types while o'¢ denotes the truthtelling profile, i.e.,
ald(0;) = 0, for all i € N and all §; € ©;. We denote the set of all possible deceptions of
individual 7 by A; and A := x;en ;. Finally, a_;(6_;) := (a;(0;)),2 and A_; := x4,

7



3 Necessity

Below, we introduce the notion of interim consistency and show that it is necessary

for implementation in BIE.

Definition 3. A profile of sets of IAA acts S := (Si(f, @-i))icn. jer, a_,en_, S interim
consistent with the SCS F € .% if for every SCF f € F,

(i) for alli € N and all 0; € ©;, fip, € CP(Si(f, '), and

(13) for any deception profile « € A with foa ¢ F, there exists i* € N and 0% € O« such
that f,2g. ¢ ij* (Si(f, o)), where f29. : O_y» — X is given by fi%. (0_;-) =
f(Oéi* (02**), (o7mwEs (9_7,*)) fO’I" all 9_1'* S @—i* .

A profile of sets of IAA acts S := (Si(f, @—i))ien. jer, a_,en_, Satisfies interim consis-
tency with an SCS F' if for each SCF f in SCS F', the following hold: (i) Given any i € N
and any 6; € ©;, it must be that i’s choices when she is of type 6; from S;(f,a'9,) (the
set of IAA acts in S associated with 4, f, and the truthtelling profile of individuals other
than i) contains the TAA act associated with f that she faces, namely f;y,; and (i) if
there is a deception profile « that leads to an outcome not compatible with the SCS, i.e.,
foa ¢ F, then there exist an informant individual i* of type 6% who does not choose
S (the TAA act associated with f o « that i* of type 6. faces) from Si-(f, —) (the
set lof IAA acts in S associated with i*, f, and a_;+, the deception profile of individuals
other than 7*).%

If a mechanism p = (M, g) implements a given SCS F' € % in BIE, then for any SCF
f € F, there exists a BIE o/ of j such that f = goo/. Thus, for each i € N and 6; € ©;,
the TAA act associated with f that i of type 6; faces, fig,, is in C7(0"(o”7,)). Defining S
by Si(f,a_;) == 0"(0f, 0a_;) withi € N, f € F, and a_; € A_;, we observe that (i) of

f id _ _f

interim consistency of S with F' holds as o

On the other hand, if a deception profile « is such that foa ¢ F, then o/ o a cannot
be a BIE of u. Otherwise, by (i) of implementability in BIE (Definition 2), there exists
f e F with f =goofoa. But, since f = goo/, we have f = foa ¢ I, a contradiction.
So, there is an individual ¢* of type 67 who does not choose ﬁf‘,@;*, the TAA act associated
with f o « that i* of type 6% faces, from O (o’ .(a_;)), which equals S (f, a_). This

delivers (i) of interim consistency of S with F'.

8Consistency of de Clippel (2014), a necessary condition for behavioral implementation under complete
information, requires that, given a social choice correspondence ® : © — X, there exists a collection
{Si(z,0) € X | i € N, € O,z € ®(0)}, such that (i) for all i € N, all § € O, and all x € ®(F),
x € CSi(x,0)); (ii) z € ®(0)\ ®(F') with 0,0’ € © implies there is i* € N such that z ¢ C% (S (x,0)).
The critical difference between de Clippel’s consistency and ours is that, with incomplete information,
each choice set must be independent of the type of the individual whom this set is associated with.



This discussion proves that the existence of a profile interim consistent with an SCS

is a necessary condition for this SCS to be implementable in BIE:

Theorem 1. If an SCS F € .7 is implementable in BIE, then there is a profile of sets
of IAA acts interim consistent with F.

Theorem 1 affirms the following intuition along the same lines with de Clippel (2014):
If the designer cannot identify sets from which individuals make choices compatible with
the social goal, then she cannot succeed in the corresponding implementation attempt.
Moreover, these sets should be constructed such that “bad equilibria” do not emerge.

The identification of sets of IAA acts from which agents’ choices are aligned with the

social goal brings about the following incentive compatibility condition:

Definition 4. An SCS F € .% is quasi incentive compatible if for all f € F' and all
1 € N, there exists a set of IAA acts ‘IT; € ; with {fi,éi |16, €0} CT; and fi0, € Cf’(Z)
for all 0; € ©;.

We note that quasi incentive compatibility of an SCS F' follows from the existence
of an interim consistent profile of sets of IAA acts S := (8(f, ¢-i))ien. fer a_en - 1O
see this, for any given f € F and any i € N, let ‘Z; = S;(f,a!d). Then, for all i € N,
{fis. | 0; € ©;} C T;, and (i) of interim consistency implies f,g, € CP*(‘T;) for all 6; € O;.

This proves the following result:

Proposition 1. If there exists a profile of sets of IAA acts interim consistent with an
SCS F € F, then F satisfies quasi incentive compatibility.

As full implementability implies partial implementability, we obtain the following re-

sult, which is a restatement of Proposition 4.9 of Saran (2011) in our setting.

Proposition 2. Let f: © — X be an SCF. Then, f is partially implementable in BIE if
and only if the SCS F = {f} is quasi incentive compatible.

Proof of Proposition 2.  The necessity direction of this proposition follows from
Theorem 1 and Proposition 1. On the other hand, the sufficiency direction demands
the construction of an indirect mechanism that sustains partial implementability of the
given quasi incentive compatible SCF. To see this, suppose that SCF f is quasi incentive
compatible (i.e., F' = {f} is a quasi incentive compatible SCS). The associated profile of
sets of IAA acts (7T;),.y are such that for all i, {f,5 | 6; € ©;} C T and fiy, € (T
for all ; € ©,. The mechanism we use is u = (M, g) where for each i € N, M; =
©; x 4; x {0,1,...,n}, and a generic message is denoted by m; = (01@, ai(i), k@), We let



T =N k@ (mod n), and specify g : M — X via the following rules:
Rule 1: g(m)= f(9) if m; = (6;, fi,,0) for all i € N,

J

Rule 2: ¢g(m) = otherwise,

a’(0_;) if j=j* and @) € T;,
Jg,gj (6_;) otherwise.

Now, we show that there is a BIE of p, o/, such that f = goo/. Let o/ (6;) = (65, fi0:,0)
for each i € N. Then, Rule 1 applies and we have g(o/(6)) = f(#) for each § € O,
i.e., f = goo/. Observe that for any unilateral deviation of individual i from o/, by
construction, O/ (O‘{ ;) = 7; for all i € N. Then, by quasi incentive compatibility of
F = {f}, fio, € CP(T) for cach i € N and each §; € ©,. Ergo, for all i € N and all
0; € ©,, at,, € C(O(0”,)) where a, (0_;) = g(o] (6;),07,(0_;)) for all 6_; € ©_;. That
is, o/ is a BIE of p such that f = goo/. m

Proposition 2 establishes that quasi incentive compatibility of an SCF f is equivalent
to partial implementability of f in BIE. In general, quasi incentive compatibility of an
SCF f does not imply that truthtelling is a BIE in the direct mechanism associated with
f.2 We note that if f is partially truthfully implemented in BIE by the direct mechanism
u’, then the opportunity set of 4 under truthtelling is O/ f(aijii) ={fis | 0; € ©;}. Indeed,
an SCF f is said to be incentive compatible if for all i € N, £, € Cfi({fiﬂ] | 6; € ©;})
for all 0; € ©;. Consequently, if attention is restricted to choices satisfying the IIA, then
implementability of f in BIE (thanks to Theorem 1 and Proposition 1) implies that for
all i € N, the existence of a set of IAA acts ‘T; such that fiy, € C(7T) for all §; € ©;.
As for alli € N, {f; | 0; € ©;} C T, thanks to the IIA, for all i € N and all 6; € ©;,
fio, € C}ei({fi’gi | 6; € ©,;}). This observation establishes that under the ITA, truthtelling
is a BIE in the direct mechanism associated with f whenever f is partially implementable
in BIE. Indeed, the revelation principle in our setting demands that if ¢* is a BIE of a
mechanism p = (M, g), then truthtelling, !¢, is a BIE of the direct mechanism associated

with the SCA g o o*. Hence, we attain the following result:

Proposition 3. If individual choices satisfy the IIA, then the revelation principle holds.

In summary, if a mechanism p partially implements an SCF f in BIE and individuals’
choices satisfy the ITA, then there is a direct mechanism that partially implements f in
truthful BIE. That is, the ITA is sufficient for the revelation principle. However, when the

ITA does not hold, the revelation principle fails as we display in Section 6. Indeed, Saran

9The direct mechanism associated with an SCF f : © — X is uf = (0, ¢/) where for all i € N, the
set of messages is given by ©;, and the outcome function gf = f.
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(2011) is the first study to observe the failure of the revelation principle in behavioral
domains, and it identifies a condition that is weaker than the IIA and sufficient for the

revelation principle.

4 Sufficiency

Implementation of an SCS F' in BIE is not feasible when there is no profile of sets of
IAA acts that is interim consistent with F'. Therefore, the planner should start the design
by identifying such profiles and then explore additional requirements to be imposed on

these for sufficiency. Below, we present such conditions.'’

Definition 5. The choice incompatible pair property holds in a given environment
E if the following holds: For each profile of sets of IAA acts (A;)ien and each SCA h € H
such that for some 6 € © and for some j € N,

A,(0_;) =X forallie N\ {j},
and

ﬁi,éi € /‘EL for alli € N,
there are i*,j* € N with i* # j* such that k. 5, ¢ Cf (4+) and hjng. ¢ ij (4).

In words, the choice incompatible pair property demands that for any profile of sets
of IAA acts, (/‘ELL)ZE ~, and any SCA h such that for some state # and individual j € N,
the alternatives sustained in projection by an TAA act in ﬁi, namely /’Eli(é,i), equals X
for all i other than j, and the IAA act induced by h for i’s type at 6, f; 5, is in 4, for all
individuals 7 (including j7), there are two distinct individuals 7* and j* who do not choose

f

i+ 5. and ﬁj*,gj* at their types 0 and 6, from 52[1* and /‘Elj*, respectively.

Vaguely put, this condition implies some level of disagreement among individuals
regarding their evaluation of SCAs and requires that the choices of at most n—2 individuals
are aligned with each other.

The choice incompatible pair property coupled with interim consistency is sufficient

for implementation in BIE whenever there are at least three individuals in the society.

Theorem 2. Suppose that the environment £ is such that n > 3 and the choice incom-
patible pair property holds. Then, if there exists a profile of sets of IAA acts interim
consistent with the SCS F € %, then F is implementable in BIE.

To see the details of the proof of our sufficiency result, assume that there are at least

three individuals, the choice incompatible pair property holds, and F'is an SCS for which

10T here is room for other sufficient conditions since we do not restrict choices using universal axioms.
But, it seems neither easy nor practical to close the gap between the necessary and sufficient conditions.
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the profile S := (Si(f,@—i))icn, jer, a_,en_, 18 interim consistent. The mechanism we
employ makes use of the following observations: (i) the outcome should be f(#) when
there is unanimous agreement between the individuals over f € F' and the realized state
is 0; (i) under such a unanimous agreement each individual j should be able to generate
unilaterally the set S;(f, %) (i.e., when all other individuals ¢ # j have unanimously
decided on SCF f € F' and are reporting their types truthfully, then j should be able to
generate S;(f, aijij)); (7i1) whenever there is an attempt to deceive the designer so that an
outcome not compatible with the SCS emerges, a whistleblower should be able to alert
the designer; (iv) undesirable BIE should be eliminated (e.g., by using a modulo or an
integer game).!!

The mechanism p = (M, g) we define below satisfies the desired properties discussed
above: For each individual i € N, M; = F' x ©; x 4; x X x N, while a generic message
is denoted by m; = ( f(i),GZ(i), ai(i),x(i), k@), and the outcome function g : M — X is as
specified in Table 1.

Rule 1: g(m) = f(0) if m; =(f,0;,-,-,-) foralli € N,
Rule 2 : (m)_ aj(efj) if aj E'Sj(f7aiiij)a ifmi:(f,eil-L-,-) for aHZE{V\{‘]}
9 a ij(;j (6_;) otherwise. and m; = (f,0;,a;,-,-) with f # f,

Rule 3: g(m) =212 where j =3, k¥ (modn) otherwise.
Table 1: The outcome function of the mechanism.

In words, each individual 7 is required to send a message that specifies an SCF f) € F,
a type for himself 92@ € 0;, an [AA act ai(i) € 4;, an alternative ¥ € X, and a number
k@) € N ={1,2,...,n}. Rule 1indicates that if there is unanimity among the individuals’
messages regarding the SCF to be implemented, then the outcome is determined according
to this SCF and the reported type profile in the messages. Rule 2 indicates that if there
is an agreement between all the individuals but one regarding the SCF f € F in their
messages, then the outcome is in line with the IAA act proposed by the odd-man-out,
J, whenever this act is in S;(f, Ozijij), otherwise the outcome is in line with the SCF f
(while the IAA act associated with f that j faces is also in S;(f, Ozi_dj)). Finally, Rule 3
applies when both Rules 1 and 2 fail, then the outcome is determined by the winner of

the modulo game.

1 Our mechanism resembles those used for sufficiency in the implementation literature. See for example,
Repullo (1987), Saijo (1988), Moore and Repullo (1990), Jackson (1991), Danilov (1992), Maskin (1999),
Bergemann and Morris (2008), de Clippel (2014), Koray and Yildiz (2018).
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If Rule 1 holds at a state 6 € ©, the opportunity sets of TAA acts under the associated
(possibly deceptive) strategy profile are as given by the interim consistent profile S. Thus,
the opportunity sets of IAA acts under truthtelling satisfy (i) of interim consistency and
hence the unanimous agreement on an SCF f € F along with the truthful revelation of
types is a BIE of this mechanism sustaining f. Further, under any BIE of our mechanism,
Rule 1 applies at every state § € © thanks to the choice incompatible pair property.
This property is similar to the economic environment assumption in the rational domain
(Jackson, 1991).12 As a result, every BIE must be aligned with the SCS F; because
otherwise, by (ii) of interim consistency, there is a whistleblower who does not choose to
go along with the others’ deception. Below, we provide the proof that is sketched above.
Proof of Theorem 2. Suppose that n > 3 and that the choice incompatible pair prop-
erty holds. Let F' € .7 be an SCS for which the profile S := (S;(f, 0-i))icn. rer a_jen_,
is interim consistent. The mechanism we use is as defined on page 12.

First, we show that for any f € F, there exists o/ a BIE of u = (M, g) such that
f =goo/. That is, condition (i) of implementability in BIE holds.

Take any f € F, let of(6;) = (f,0i, fip,, T, 1) for each i € N and some Z € X.
Then, Rule 1 applies and we have g(o/(0)) = f(#) for each § € O, ie., f = goo’.
Observe that for any unilateral deviation of individual i from o7, either Rule 1 or Rule 2
applies, while Rule 3 is not attainable. So, by construction O"(c7,) = Si(f,&l,) for all
i € N. Recall that, by (i) of interim consistency, fig, € C7*(Si(f,a's)) for each i € N
and each 0; € ©;. Ergo, for all i € N and all 6; € ©;, 4/, € Cl(0"(o?,)) where
ai, (0_;) = g(o] (0;),07,(6_;)) for all 6_; € ©_;. That is, o/ is a BIE of u such that
f=gool.

Consider now any BIE o* of 1 denoted as o (60;) = (fi(0;), a;(0;), a;(0;), x:(0;), ki (6;))
for each i € N. That is, f;(6;) denotes the proposed SCF, «;(6;) the reported type, a;(6;)
the proposed act, x;(6;) the proposed alternative, and k;(;) the proposed number by i
when her realized type is 6;.

Next, we show that, under any BIE o* of u, Rule 1 must apply at every state 6 € ©:
Suppose for a contradiction that either Rule 2 or Rule 3 applies under ¢* at 6. Then, by
construction, O!(¢*;) is given by some 4; C 4; such that 4;(6_;) = X for all i # j for
some j € N (as any ¢ # j can change their proposed integer and win the modulo game at
0). As 0* is a BIE of u, the SCA h* := go o™ is such that £, € sz(}i) for at least n —1
individuals where by construction h* is such that A/, € A, forall{ € N as 4, = O} (a*).
This contradicts the choice incompatible pair property. Thus, under any BIE of u, Rule

12For other versions of this assumption, see Bergemann and Morris (2008) and Barlo and Dalkiran
(2021).
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1 must apply at every 6 € O.

Moreover, the product structure of the state space guarantees that under any BIE o*
of p, there is a unique f € F such that f;(0;) = f for all i € N and for all ; € ©,.

Finally, we show that it must be that f o « € F: Since Rule 1 applies at each 0 € O,
and each i € N reports the type a;(0;) € ©; as the second entry of their messages at § € ©
under o*, by construction, we have, at each § € ©, Of(c*,) = Si(f,a_;) for all i € N.
If foa ¢ F, then by (i7) of interim consistency, there exists i* € N and 6} € O;« such
that fi- g (o i-) ¢ Cf (Si-(f,a—s+)). But this implies a;. 5. ¢ C;%(Oji(afi*)), where
@ g (0-i) = g(07(05), 0% (0_+)) for all 0 4 € O _-. This is a contradiction to o*
beir;g a BIE of pu. Therefore, g o 0* = f oa € F, which implies that condition (iz) of
implementability in BIE holds as well. m

5 Interim Incentive Efficiency

“[T]he proper object for welfare analysis with incomplete information is the [SCA],
rather than the actual decision or allocation ultimately chosen. Furthermore, any ef-
ficiency criterion for evaluating [SCAs| must be defined independently of [individuals’
private information].” (Holmstrom & Myerson, 1983). In what follows, we introduce the
behavioral counterpart of interim incentive efficiency of Holmstrom and Myerson (1983).
Our construction is in line with de Clippel (2014) introducing the following efficiency no-
tion in behavioral domains of complete information: An alternative x is efficient at state
6 if each individual has an implicit opportunity set from which she chooses x at 6, and
each alternative is in at least one of the implicit opportunity sets of an individual.'®

Below, we propose the notion of interim incentive efficiency following Holmstrom and
Myerson (1983). That study introduces this notion in rational domains under incomplete
information by restricting feasibility based on incentive compatibility. In our setting, the
relevant restriction takes the form of quasi incentive compatibility, as is displayed by our
necessity results. Letting the set of all quasi incentive compatible SCAs be denoted by

H*, we obtain the following definition:

Definition 6. Given an environment £, the interim incentive efficient SCS E C H*

consists of all SCAs e : © — X for which there is a profile of sets of IAA acts (9)ien
such that

(i) for alli € N and all 0; € ©;, €4, € Qai(%), and
(ii) for all h € H*, there isi € N and 0; € ©; with h; g, € ;.

13 Attaining individuals’ choices on alternatives at a given state requires further structure in our setup,
as individuals’ choices on IAA acts depend only on their own types. We obtain such a structure with
ex-post considerations. See Section 9 for further details.
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This welfare criterion internalizes quasi incentive compatibility into efficiency: An SCA
e is interim incentive efficient if for any individual, there exists an implicit opportunity
set of IAA acts such that her choices from this set for each of her types are aligned with
e (and hence e € H*) with the additional property that for every possible quasi incentive
compatible SCA, there is an individual and her type for which the TAA act associated
with this SCA is in her implicit opportunity set. Therefore, interim incentive efficient
SCS, E, can be considered as an interim counterpart of de Clippel’s efficiency entangled
with quasi incentive compatibility.'4

The next result paves the way to the implementability in BIE of our efficiency notion:

Proposition 4. If the interim incentive efficient SCS E is non-empty, then it has an
interim consistent profile of sets of IAA acts.

Proof of Proposition 4. Consider Y := (9;(e, a_;))ien, eck, a_,ea_; such that for all
i € N,alle € E, and all a_; € A_;, 9i(e,a_;) equals 9;(e) associated with e as in
Definition 6. Below, we show that Y is interim consistent with E.

Let e € E. Then, (i) of Definition 6 implies (i) of interim consistency of Y. Now,
suppose there is a deception « such that e o ¢ E. Then, by letting e o « = e® and
noting that e® is an SCA, we observe that for all (9}),en satisfying (i7) of Definition 6,
there is (7,0;) such that e, ¢ Cfi(f)’i); because otherwise, e* € E. Thus, in particular
for the profile (9;(e))icn, there exists (i*,6;.) such that e o, ¢ Cf (9(e)); ergo, as

Yi-(e) = = (e,a_;x), (i7) of interim consistency follows. m

Theorem 2 and Proposition 4 deliver the following result presented without proof: E

is implementable in BIE when there is a weak form of disagreement in the society.

Proposition 5. Suppose that the environment £ is such that n > 3, the choice incompat-
wble pair property holds, and the interim incentive efficient SCS E is non-empty. Then,
FE is implementable in BIE.

6 An Example with Minimax-Regret Preferences

The following example involves minimax-regret preferences of Savage (1951) and is
modified from Example 4.8 of Saran (2011). In our example, the IIA and hence WARP
does not hold. Nonetheless, we attain full implementability in BIE of an SCS that consti-
tutes a selection from the interim incentive efficient SCS. Meanwhile, we also attain partial

implementation of an SCF in BIE even though partial direct implementation of that same

14The SCS of the example we analyze in the next section is a selection from the interim efficient SCS
of that setting and demonstrates interim efficiency with minimax-regret preferences.
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SCF in truthful BIE is not possible. In other words, the revelation principle fails to hold
in our setting. This parallels Saran’s findings about the failure of the revelation principle
in behavioral domains.

Under minimax-regret preferences, each type of every individual chooses the TAA act
that minimizes her maximum regret. The regret of choosing an TAA act at a state is
given by the difference between the payoff obtained and the maximum payoff possible in
that state. Then, the maximum regret of individual 7 of type 6; as a result of an TAA act
is the highest regret i suffers because of this IAA act across all states in which he is of
type 6;. Formally, for any two IAA acts a; and g; in a given set of IAA acts S; C 4, a;

is weakly preferred to g@; in the minimax-regret setting if

max lmaX (Uz’(%’(@—z’) | (05,0-:)) — wi(@(0-;) | (91‘79—2')))]

0_,€0_; |alcs;
< A a” . . N — 2.(a . . .
< | (wn(a0-) | 800-0) — w@(6-) | 98- |

where for any « € X and state 6 = (0;,0_;), u;(z | §) denotes i’s payoffs from z at 6.
Welet N = {1,2}, ©; = Oy = {a, 5}, X = {z,y, 2z}, and the state-contingent utilities
are as given in Table 2. An SCA h: © — X is denoted by h = (abed) where h(a, ) = a,

H( o) | (@.f) | (B,0) | (B.8)
(0,1> 1/2) (%2, 1) | (/2,1/2)
(ul(y|9 uzy 9 (1,0) 1 1 (1,0) | (1,1)

Table 2: State-contingent utilities of our example.

h(c, B) = b, h(B,a) = ¢, and h(B, ) = d with a,b,c,d € {z,y, z}. Similarly, an TAA act
that ¢ faces, g; : ©_; — X is denoted by a; = (ab) where a;(a) = a and g;(8) = b with
a,b e {x,y,z}.

The SCS we consider in this example for full implementation is F' = {{xyyy), (yyyy)}.
We note that F' C FE, i.e., both of these SCAs are interim incentive efficient. It is
tedious but straightforward to show that the following profile of sets of IAA acts sus-
tain both SCAs in F' in interim incentive efficiency as formalized in Definition 6: 97 =
{(zz), (zy), (z2), (yy)} and 95 = {{zy), (yz), (yy), (y2), (z2), (2y), (22)}.

The mechanism given in Table 3 implements the SCS F' in BIE: The set of BIE equals
{oW, ... o™} where 0\"(a) = U, o\"(8) = M, 6" (a) = L, and 63" (8) = R inducing
the SCA (zyyy); (2)( ) = M, 052)(6) = M, 052)(04) = L, and 052)(@ = L inducing
(yyy); 0 (a) = M, oP(8) = M, o§”(a) = L, and 03" (8) = R inducing (yyyy);
01’() = M, 0{"(8) = M, 53" (a) = R, and 0,”(8) = L inducing (yyyy).
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Individual 2
L R

. Ulx y

Individual 1

M|y y

D |z =z

Table 3: The mechanism fully implementing SCS F' in BIE.

The SCA (xyyy) is partially implementable in BIE by the mechanism defined in Table 3
as full implementation in BIE of SCS F' = {(xyyy), (yyyy)} implies partial implementation
in BIE of SCF (xyyy). However, (xyyy) is not a BIE outcome in the corresponding direct

mechanism given in Table 4. This follows from type « of individual 1 choosing the TAA

Individual 2

o B
Individual 1 alzxz y
Bly v

Table 4: The direct mechanism p? for Saran’s example augmented.

act (xy) from the set of TAA acts {(zy), (x2), (yy)}, but not from {(zy), (yy)}. Besides
displaying the failure of the revelation principle, this observation also exhibits that the
ITA, and hence WARP, does not hold in this example.

7 Direct Mechanisms

We now evaluate the significance of direct mechanisms pertinent to full implementation
in BIE in general environments. Thereby, we portray settings where implementation in
BIE is attainable using intuitive mechanisms. We focus on SCFs instead of SCSs since
direct mechanisms cannot coordinate selections of SCFs from an SCS.

Given an SCF f : © — X, the relevant profile of sets of TAA acts is given by F :=
(Fi(a—i))ien, a_,en_; where for any i € N and any a_; € A_;

TL’(O&,Z‘) = {llL € /{ZLL ’ Hél € 61 s.t. %(071) = f(él,oz,z(e,l)) VQ,l € @71}

In words, F;(a_;) is the set of TAA acts that SCF f induces for all possible types of
individual ¢ given that individuals other than ¢ are using the deception profile a_;. The
resulting profile of sets of IAA acts, IF, corresponds to the opportunity sets of IAA acts
in the direct mechanism associated with the SCF f. As a result, there is an intertwined
link between the interim consistency of F with the SCF f and the BIE implementability

of f via its direct mechanism. This connection results in Theorem 3, a characterization
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of situations in which implementability in BIE is equivalent to the BIE implementability

via the direct mechanism possessing a truthful BIE.

Theorem 3. An SCF f : © — X is fully implementable in BIE by its associated direct
mechanism possessing a truthful BIE if and only if the profile of sets of IAA acts F :=
(Fila—))ieN. a_,en_; is interim consistent with f.*°

Proof of Theorem 3. For the necessity direction, suppose f is implementable in BIE
by its direct mechanism p/ = (0, g/) with ¢/ = f. Due to full BIE implementation, let
the truthful BIE be of with o/ : ©; — ©; for alli € N and f = g oo/, Clearly, o/ = o4,

Then, 0" (aid) = F;(aid) for all i € N implies (as oi¢ is a BIE of pf) fio, €
Cl(Fi(a!)) for all i € N and 6; € ©; establishing (i) of interim consistency of F.

For any deception a with foa # f, o/ o o cannot be a BIE of i/ because otherwise
g’ oo’ oa = foa and hence by (i) of BIE implementation foa equals f, a contradiction.
Let f*:= foa. Because that o0/ o is not a BIE, there is i* € N and 0. € ©; such that
J2 ¢ Qeﬁ(%*(a,i*)) since Oﬁf((af(aj)#i*) = Fie(a_s+). This delivers (i7) of interim
con;istency of FF.

Next, we handle the sufficiency of Theorem 3. Suppose that F is interim consistent
with f. Consider the truthtelling strategy o'd. Since g/ (ald(0)) = f(0) for all 6§ € ©; for
alli € N, 0" (ald) = F;(ai?) and fio, € CP(Fi(ald)) for all 6; € ©; (by (i) of interim
consistency), o'? is a truthful BIE strategy with g/ o o'¢ = f.

Now, we show that if o* is a BIE of uf, then g/ o 0* equals f. Suppose o* is a BIE
and ¢/ (c*(0)) # f(0) for some § € ©. Let a be such that a(f) = o*(f) # 6. Then,
f(a(0)) # f(0); ergo, foa # f. Hence, by (ii) interim consistency of F with SCF f,
there is i* € N and 6} € O, with ¢/ (0%) = f oo =t f* we have £y ¢ G (Fir (),
contradicting to o* being a BIE as O{if(a,i*) = Fi(a_+). m

8 Constrained Rational Expectations Equilibrium

In this section, we analyze behavioral implementation under incomplete information
of the constrained rational expectations equilibrium (CREE), “the most frequently stud-
ied notion of market equilibrium [with incomplete information]” (Palfrey & Srivastava,
1987).16 First, we present the formulation of CREE in the behavioral domain. Similar to
its rational counterpart, behavioral CREE consists of rational expectations equilibrium

with agents choosing from budgetarily feasible bundles that do not exceed the aggregate

15The direct mechanism associated with f may also have an untruthful BIE. But then, its outcome
must coincide with f whenever f is fully implementable in BIE by its direct mechanism.

16Tt is appropriate to point out that “the extension of the concept of Walrasian equilibrium to the case
of incomplete information is not yet fully understood.” (Bochet, 2007)

18



endowment. Second, using a mild restriction on individuals’ choices, we prove the full
implementability of behavioral CREE for economies that possess a behavioral CREE.

Each individual’s consumption set is Rf capturing the situation with K € N different
perfectly divisible goods. The endowment of individual ¢ € N is denoted by w; € RE, :=
{weRE|w> 0} An SCA is amap z : © — RY*® and z is a feasible SCA if it
maps each state 6 € © into {y € RY*® | 3, (y;, — w;) < 0}. We define the aggregate
endowment by w := Y,y w;, and let [0, W] := {w € RE | w;, € [0,w) VE=1,..., K}
The choices of individual ¢ € N of type 6; € ©; from a non-empty set of [AA acts
X, C X == {x: ©_; — RE} are given by C(X) where C7*(X;) € X; with C7*(X) # 0.

An economy & is summarized by ((C*)g,co., Wi)ien-

Following Palfrey and Srivastava (1987) and Bochet (2007), we consider information
structures where the set of admissible states ©* C © is such that the following hold:

(i) Non-exclusive Information (NEI): For each § € ©*, there does not exist ¢; € ©,;\{6;}
with (0,60_;) € ©*; and

(i7) No redundant type (NRT): For all i € N and all ¢; € ©;, there is 0_;, € ©_; such
that (6;,0_,) € ©".

For all individuals ¢ € N and all of i’s types 6; € ©;, we let ©* (6;) := {0_; € ©_; |
(0;,0_;) € ©*} and note that ©* ,(6_;) is non-empty (thanks to NRT) and does not have
a product structure (due to NEI).

Recall that given SCA x : ©* — Rf *K the IAA act that individual ¢ of type 6; faces
is given by xig, : ©%,(6;) — RE with x50, (0_;) = :(6;,6_;) for all 6_; € ©*,(6;).

For any state-contingent strictly positive prices p : ©* — RX | the budgetarily feasible

o
IAA acts individual i of type 0; faces that are constrained by w are given as follows:'”
. . L] ;0,15 measurable,
B (1) = { tho, : ©,(0) — [0, ) %0 b
(@) p(0i,0-i) - (Y, (0—i) — W) <0 VO_; € ©7,(0;)

Now, we are ready to define a behavioral CREE:

Definition 7. Prices p* : ©* — RX, and SCA z* : ©* — RY*X constitute a (behavioral)
constrained rational expectations equilibrium of an economy & if

(i) For alli € N and all 0; € ©;, p;y = ©*,(0;) — RE, and Xy, 0 ©%,(0:) — RE
are measurable where p;, (0_;) = p*(0;,0_;) and 8%y, (0-;) = x7(0;,0_;) for all O_; €
©*,(6;); and

(17) For alli € N and all 0; € ©;, we have that

(@) &%, € G (B, (v7)), and

17If © is finite, then we can dispense with the measurability requirements.
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(b) p*(0;,0_;) = p*(6;,0";) with 6_;,0"
and

. € ©7,(0;) implies 7(;91.(9—1‘) = 7(:91(9/—1);

(i13) For all § € ©%, ZieN X, (0-i) < w.

We refer to the set {z* : ©* — RY*X | Jp*: 0* — RE_ s.t. (p*,2%) is a CREE of £} as
the CREE SCS on &.

The notion of (behavioral) CREE requires a strictly positive price rule p* : ©* — Rf .
and SCA z* : ©" — Rf *K to satisfy three requirements. The first is that p* and x*
are measurable with respect to the private information of each of the individuals. That
is, for every individual ¢ who observes any one of her types 6;, the price IAA act that
she faces, pfy : ©%,(6;) — R, and the consumption IAA act she encounters, A%, :
©%,(6;) — RE, are both measurable. The item (a) of the second requirement demands
the optimality of individuals’ choices from budgetarily feasible IAA acts while (b) is a
requirement associated with rational expectations setting: If the private information of
an individual is the same in two different states for which the price rule induces the same
price vector, then her optimal choice must deliver the same bundle at these two states.
Finally, the third condition involves feasibility in every state.

We employ the following condition when establishing full implementability of (behav-
ioral) CREE in BIE:

Definition 8. We say that an economy & satisfies Condition M if it satisfies the fol-
lowing for alli € N and all 0; € ©,: If©O_; C O*, (01) with ©_; # 0 and x4, Xip, € Xi are
such that x.0,(0_;) = w; and X g, (0 )_;) = 0 for all 0_; € ©_; while x.9,(0";) = Ao, ( ;)

for all @, € ©*,(6;)\ ©_;, then X, (00,) ¢ Cl(X,) for all X; C X; with X, Xy, € X;.

Intuitively, this condition demands that no consumption is not desirable when endow-
ments are available. It requires that for each individual ¢ and any one of her types 6; the
following holds: If two IAA acts agree on a subset of others’ types compatible with #; and
differ on the remaining type profiles of others so that in such profiles, the first provides
the endowment of that individual, w;, while the second involves no consumption, 0, then
the first IAA act prevents the second to be chosen by ¢ of type 6; from any set of IAA
acts containing these TAA acts. We wish to emphasize that Condition M is in the same
spirit as Savage’s P3 (Monotonicity) and involves only a comparison of w; with 0. It,
thereby, allows a wide class of behavioral aspects.!®

We are now ready to present our result about the full implementability of (behavioral)
CREE in BIE.

18For example, Condition M holds in economies where individuals’ choices originate from minimax-
regret preferences (which we describe in Section 6) that possess the following structure: For all i € N
and all §; € ©;, u;(0 | (0;,0",)) < ui(w; | (6;,0",)) for all §’_, € ©*(6;).
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Proposition 6. If there exists a CREE of an economy & satisfying Condition M, then
the CREE SCS on £ is implementable in BIFE.

Proof of Proposition 6. Suppose that the economy & satisfies Condition M, there is
a CREE of £, and the information structure satisfies NEI and NRT.

We employ a variant of the mechanism of Bochet (2007) obtained by extending
the elementary mechanisms of Dutta et al. (1995) to incomplete and non-exclusive in-
formation. The mechanism p = (M, g) is such that M; := Y x P x ©; x N where
YV i={y: 0" = RY**} P:={p: 0" - RE } and a generic message of i is denoted
by m; = (y@,p® H(Z k@), The outcome function g : M — Y is defined via the fol-
lowing rules: For any given m € M, let i* := min{i € N | k9 > k) Vj € N} and
g :=max{j € N | k) <k vi c N}.

Rule 1: If m; = (, p, (91@, k@) for all i € N is such that (Gfi))iGN = € ©* and (p, T) satisfies
the following requirements
(¢) for all ¢ € N and all 6; € ©;, pig, : O%,(6;) — RE, is measurable, and
%o, 0 ©%,(0;) = RY is in BY (p), and
(77) for all i € N and all 0, € ©;, p(6;,0_;) = p(0;,0",) for some 0_;,0" , € ©*,(6;)
implies x;9,(0—:) = X.0,(0";), and
(éi7) for all 0 € ©F, Y.y X, (0—) < W,
then g(m) = z(0).

Rule 2: If m; = (z,p, 9§j),k(j)) forall j € N \ {i*}, (0 z@>ieN = 0 € ©*, (p,7) satisfies
(), (i1), (#44) of Rule 1, p{") = p, and 20" # Z but
(iv) x\';. € BY; (p), and
(v) for all ;+ € @Z*, P(0p,0_ix) = p(0;=,0";.) for some O_;+, 0" .. € O .. (0;«) implies
o (0) = 1, (00),

then g(m) = (y,)ieny with y; = 0 for all i # i* and y;. = ’Q(Za’) (0_s).

Rule 2’: If m; = (z,p, 09 |G ) for all j € N\ {i°} for some i® € N\ {i*}, (¢ y))ge]\f =0 €0,

J Y
(p, ) satisfies (i), (44), (ii7) of Rule 1, p®) = p, and 20°) # z but

(iv) x\,, € BY;. (p), and
(v) for’ all 00 € B0, p(@zo 0_i0) = p(bi0,0" ;o) for some O_;o, 0" .. € O . (0;0) implies
X g (0-i0) = g, (010),
then g(m) = (y;)jen with y; = 0 for all j # i® and y;,c = @ﬁgo(é_io).
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Rule 3: For all other cases, each individual i € N \ {j*} receives her endowment w; while

individual j7* gets O.

Claim 1. For any CREE (p*,z*) of £, 0* is a BIE of p = (M, g) with goo* = z* where
of(0;) = (a*,p*,0;,1) for alli € N and all 0; € O;.

]

Proof of Claim 1. Under o*, Rule 1 applies at every 6 € ©* since (p*,z*) is a CREE
of £. Hence, goo* = z* on ©*. Thanks to NEI, for each 0" € ©*, (0/,6",) ¢ ©* for all
07 £ ¢;. Thus, any unilateral deviation from ¢* leads to either of Rules 2, 2’ or 3 applying
at some € ©*. As a result, for any 6 € ©*, 0/(¢*,) = B, (p*) for alli € N. As (p*, x%)
is a CREE of &, for all i € N and all 0; € ©;, &%, € C(0"(0*,)). Therefore, o* is a BIE

of u sustaining z*. m

Claim 2. For any o* BIE of p = (M, g), Rule 1 applies at every 6 € ©*.

k'9(6,)) for all i € N

Proof of Claim 2. We let o%(6;) = («*®(8;), p*@(8;), ;" (6,), k]
all 6, € ©,.

For any strategy profile o and any agent i of type 0;, we let g7, : ©,(6;) — Rf
(where g7, (0—) 1= gi(03(0;),0-4(0_;)) for any 6 ; € ©* ,(6;)) denote the IAA act that i of
0; faces under o in mechanism y = (M, g); where g;(m) =y, whenever g(m) = (y;)jen-

Now, consider any € ©*. Then, the following cases emerge:

Case 1. Rule 2 applies at 0 under o*.

Consider i € N \ {i*} and note that g;(c7(6;),0%,(0_;)) = 0. Next, we define a
unilateral deviation of i of type 6;, &;, as follows: 5i(0;) = o;(6;) for all 6; # 0, while

5:(0;) = (z*D(8,), p*D(0;), & (6:), k) where k > max;en () k;(j)(éj). That is, i of type

0; (who is not 7* at 6 under o*) deviates unilaterally only in her integer choice so that
following this deviation i becomes i* at  under (&;,0*;). Rule 3 applies at § under
(6;,0*;) because (i) Rule 2 applies at 6 under o*; (ii) i is not i* at § under o*; (iii) i*
at § under o* is choosing an SCA different from all the others (including ); and (iv)
0; involves a unilateral deviation only concerning 7’s integer choice at 0;. Therefore,
9:(6:(0;),0%,(0_;)) = w; as clearly i is not j* at 6 under (5;,0%,).

At states (6;,0_;) with 6_; € ©*,(6;) \ {6_;}, Rules 1, 2, 2’, or 3 may apply under o*.

~ ~

Subcase 1. Rule 1 applies at (6;,0_;) under o*.

Then (as a deviation in the integer choice does not trigger any other rules) Rule 1 still
applies at (6;,0_;) under (6;,0%,). Thus, g;(07(6;),0%,(0-))) = gi(5:(6;), 0% ,(0_)).

~ ~

Subcase 2. Rule 2 applies at (0;,0_;) under o*.
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Whether or not ¢ is 7* at (QZ-,HA_Z-) under ¢* determines i’s consumption bundle at
(0;,0_,).

If i is i* at (6;,0_;) under o*, then i is also i* at (;,0_;) under (5;,0*,) as i’s integer
choice for her type 6; has increased, and Rule 2 also applies at (Qi, 9,1) under (6;,0",);
therefore, g;(07(6:), 0% ,(0-)) = gi(5:(0:), 0%,(6)).

If i is not ¢* at (6;,0_;) under o*, then i may become i* or not at (6;,_;) under
(6;,0",;) since i’s integer for her type 6; goes up; however, i cannot become i° at (9“ 0_ i)
under (6;,0%,) as i chooses the same SCA with all but i* at (6;,0_;) under o*. Therefore,
if i does not become i* at (6;,0_;) under (5;,0*,), then Rule 2 still applies at (6;,0_;)
under (5;,0%,), and g;(o7(0;),0%,(6_:)) = ¢:(6:(6;), 0% ,(0_;)) = 0. On the other hand, if i
becomes i* at (él, é_l) under (¢;,0",), then Rule 2’ is triggered at (92, 9_2) under (6;,07%;).
This follows from (i) Rule 2 applies at (6;,0_;) under o*; (ii) i is not ¢* at (6;,6_;) under
o*; (iii) i* at (0;,0_;) under o* is choosing an SCA different from all the others (including
i); and (iv) &; involves a unilateral deviation only concerning 7’s integer choice at 6;.
Therefore, after this change i* at (6;,0_;) under o* becomes i® at (6;, 6_;) under (6;, 0% ).
Consequently, g,(&:(6:), 0=,(0-)) = 0 = gi(07 (6:), 0, (0_5)).

Subcase 3. Rule 2’ applies at (6;,0_;) under o*.

At (6;,0_;) under o*, i may be either (i) ¢* (and hence neither i nor j*); or (ii) i°

(and hence not i*); or (7i7) neither i* nor 7°.

If 7 is i* at (él,é,z) under o*, then i is still i* at (él,é,z) and Rule 2’ continues to
hold under (¢;,0*;) (as the only change involves an increase of i’s proposed integer); so,
9i(5:(6:), Uii(é—i)) = gi(07(6:), 07 ,(6-0)).

If 7 is i® at (0;,0_;) under o*, then as a result of i’s deviation to &;, ¢ may or may
not become ¢* at (91, HA,Z) under (6;,0%,). If i becomes i* at (91, 0 ;) under (G;,0%,), then
Rule 2 is triggered (as i* at (6;,0_;) under o* chooses the same SCA with all others apart
from 4) and hence ¢;(G;(6;),0%,(0_;)) = g:(o7(8;),0%,(0_;)). If i does not become i* at
(6;,0_;) under (5;,0%,), then still Rule 2’ holds (as i* at (6;,0_;) under o* chooses the
same SCA with all others apart from 4°, and i is i® at (6;,0_;) under o*) i continues to
be i® at (;,0_;) under (6;,0%,); ergo, g;(5:(6;), 0% ,(0_s)) = g:(a7(6;), 0% ,(6_)).

If i is neither ¢* nor 7 at (6;,0_;) under o*, then ¢ may or may not become * (but i
cannot turn into i°) at (6;, 0_;) under (5;,0*,). As only i® chooses an SCA different from
all others and i® # i* at (6;,0_;) under o*, Rule 2’ still applies at (6;, 0_;) under (5;,0%,);
0. 6:(6:(0),0"(0)) = 0 = (03 (6).0" (0_).

Subcase 4. Rule 3 applies at (6;,0_;) under o*.

Then there are three possibilities: ¢ is ¢* at (6’~Z, HA_Z) under ¢*; 7 is neither ¢* nor j* at

(6;,6_;) under o*; and i is j* at (6;,0_;) under o*.
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If i is 7" at (QNZ, HA_I) under o*, then i increasing her integer choice at 6; does not trigger
any other rules, and Rule 3 still applies at (6;, 0_;) under (6;, 0*.); so, gi(c7(6;), 0% ,(0_;)) =
9:(5:(6:), 07,(0-)). o i )

If 4 is neither ¢* nor j* at (0;,60_;) under o*, then ¢;(c}(0;),0",(0_;)) = w;. Individual
i choosing a higher integer at 6; under &; implies that i cannot be j* at (8}, é_z) under
(6;,0% ;). However, i may or may not become i* at (6;,0_;) under (;,0%,). If i is not *
at (0;,0_;) under (6;,0*,), Rule 3 continues to hold and g;(c7(6;), 0%, (0_;)) = On the
other hand, if i becomes i* at (;,0_;) under (5;,0*,), then still Rule 3 holds at (9 ;) un-

~

der (O’Z, *).19 So, Rule 3 applies at (6;,0_;) under (6;,0* ;) implies g;(5:(0;), 0% ,(0_;)) =

= 0i(07(8). " (0-)). -
If iis j* at (6;,0_;) under o*, then g;(o;(6;),0";,(0_;)) = 0. As individual ¢ of type
6; chooses a higher integer under &;, ¢ may be either still j*, or be neither j* nor ¢*, or
become i* at (6;,0_;) under (6, 0%,). If i remains to be j* at (6;,0_;) under (6;, %), then
gi(3:(0;), 05.(0_3)) = 0 = gi(07(6;), 0% ,(A_;)). If i becomes neither i* nor j* at (6;,0_;)
under (6;,0*,), then (as Rule 3 applies at (6;, 6_ ;) under o* by hypothesis) Rule 3 holds at
at (0;,0_;) under (5;,0*,); hence, g:(5;(60;), 0% ,(0_;)) = w; while g;(c7(6;),0%,(0_;)) = 0.
If i becomes i* at (6;,0_;) under (5;,0*,), then Rule 3 continues to hold at (6;, f_;) under
(G;,0%,); as an i* cannot be a j*, ¢;(6:(6;), 0 ,(6_;)) = w; while g;(c7(6;), 0% ,(6_;)) = 0.
By hypothesis, o is a BIE of u. Following the feasible unilateral deviation of ¢ from

o! to 0;, we observe that the resulting IAA acts g”* and g, Zi’aii) in )Q are such that
there is a non-emtpy @', C ©*,(6;) with g7 (0;) = 0 whereas g Gi0%) (0",) = w; for

all 9’ ; € O, while g7, (6”,) = (g:‘;%"’ (07 for all 07, € ©%,(6,) \ @L " Moreover, g%

and gi(?’o*ﬂ in O0¥(c*;). Therefore, by Condition M, gz."g_ ¢ Of(0*;). This contradicts o*
being a BIE of yu, finishing the analysis of Case 1.

Case 2. Rule 2’ applies at 6 under o*.

Take i € N\ {i°} and consider the following unilateral deviation of i of type ; that we
denote by &;: ;(6;) = o7(6;) for all 6; # 6;, while &,(;) = (x*(i)(éi),p*(i)(éi),Of(i)(éi), k)

1

where k > max;jen ) k;(j)(éj). That is, i of type 6; (who is not i® at  under o*) deviates

unilaterally only in her integer choice so that following this deviation 7 becomes i* at 0

90bserve that if m; = (z,7,0%, k) for all j € N\ {i}, (01);en € ©7, (5, 7) satisfies (i), (ii), (iii) of
Rule 1 p(l) =p,z® £z, 7Q(Z) € fBW (p), for all 0; € ©;, p(0;,0—;) = p(6;,0_;) for some 6_;,0”; € ©;(6;)
implies 7@ 1( i) = ?Q( )(9’ i) but i is not ¢* (according to individuals’ integer choices), then Rule 2’
applies. So, if i increases her integer and becomes i*, then Rule 2 applies. This displays that Rule 2 are
27 are not reachable from Rule 3 via a unilateral deviation involving only the integer choice.

20The non-emptiness of O’ ; follows from the arguments made for 6 at the start of the proof of Case 1:
Note that g;(5:(6;), 0% ;(0_;)) = w; while g;(c7(0;),0* ,(0_)) = 0; ergo, §_; € ©'_,.
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under (&;,0*;). Rule 3 applies at § under (6;,0*;) because (i) Rule 2’ applies at 6 under
o*; (i1) 7 is not i® at @ under o*; (#44) i° at  under o* chooses an SCA different from
all the others (including 7); and (iv) &; involves a unilateral deviation only concerning
i’s integer choice at ;. Thus, ¢;(5;(6;),0%,(0_;)) = w; as clearly ¢ is not j* at 6 under
(65,0 ;). Meanwhile, g;(c7(6;), 0 ,(A_;)) = 0 by Rule 2’ as i # i° at § under o*.

Rules 1, 2, 2’, or 3 may apply at states (6;,0_;) with 6_; € ©*,(6;) \ {0_;} under o*.
The arguments in Subcases 1 — 4 of Case 1 continue to hold verbatim. Similar to Case 1,

Condition M contradicts to ¢* being a BIE of u, concluding the analysis of Case 2.
Case 3. Rule 3 applies at 6 under o*.

Consider 7 who is j* at  under ¢* and notice that g;(07(6;),0%,(f_;)) = 0. The
unilateral deviation of i of type 6;, &; is defined by Gi(0;) = o7 (6;) for all 0; # 0, while
5:(0;) = (x*(i)(éi),p*(i)(éi),a:(i)(éi),l%) where £ > mMax;jen (i} k:;(j)(éj). So, i of type 6
deviates unilaterally only in her integer choice, and following this deviation ¢ becomes ¢*
at 6 under (6;,0*,). Therefore, Rule 3 continues to hold at # under (6;,0*,) (because an
i* cannot be a j*) and hence g;(5;(6;),0*,(0_;)) = w; while g;(c%(6;),0%,(6_;)) = 0.

At any (6;,0_;) with 6_; € ©,(0;)\ {0_;}, Rules 1, 2, 2’, or 3 may apply under o*. As
before, the arguments of Subcases 1 — 4 in Case 1 hold verbatim. Similar to Cases 1 and
2, Condition M is at odds with ¢* being a BIE of u, concluding the analysis of Case 3.

This finishes the proof of Claim 2. m

Claim 3. For any o* BIE of pn= (M, g), goo* is a CREE SCA of £.

Proof of Claim 3. Thanks to Claim 2, let ¢* be a BIE such that Rule 1 applies
at every § € ©*. We define o} (6;) = (x*(i)(ﬁi),p*(i)(ei),a:(i)(ei),k:(i)(ﬁi)) for alli € N
all §; € ©;. Notice that for any § € ©* and any i € N, Of(c*;) = By, (p) where
(*@(0,),p*D(6;)) = (z,p) for some (Z,p) satisfying the requirements featured in Rule
1. Then, by the defining properties of Rule 1, ¢* being a BIE of y under Rule 1 implies

(p,Z) is a CREE of £. m

This finishes the proof of the theorem. m

9 Ex—Post Approach

In this section, we analyze behavioral implementation under incomplete information
using an ex-post approach.

As highlighted in the robust mechanism design literature (see, e.g., Bergemann and
Morris (2005, 2008, 2009, 2011), and Jehiel et al. (2006, 2008)), the appeal of ex-post

equilibrium relies on the fact that in the rational domain, an ex-post equilibrium of an

25



incomplete information game is a Bayesian Nash Equilibrium of that game for every belief
profile. To reach a similar conclusion in behavioral domains, we need to relate individuals’
ex-post choices with their interim choices.

We define individuals’ ex-post choices as follows: Individual i’s ex-post choice at state
0 is described by C? : X — X, such that C?(S) C S for all non-empty sets of alternatives
S € X. The ex-post environment is summarized by £P := (N, X, 0, (C?)icn, sco). We

assume that £ is common knowledge among the individuals and note that our setup

allows (but does not depend on) individual ex-post choices to be interdependent.

Definition 9. Given an ex-post environment EP = (N, X, 0, (C?);cn pco), the associated

interim environment £ = (N, X, (0;)ien, (C/)ien, o,co,) satisfies Property B if the fol-
lowmg holds for each individual i € N and each of her type 0; € ©;: if for all non- empty
AC A and all g € Z, a,(0) € C""(Z,00.)) for all 0, € O, then a; € C*(4).

Given an ex-post environment £°P, its associated interim counterpart £ satisfies Prop-
erty B if individuals’ ex-post choices imply the following on individuals’ interim choices:
For any individual 7 of type 6; and any subset of her TAA acts, }Eli, if an IAA act g; € /‘511
is such that for any one of others’ type profile 6_;, alternative a;(6_;) (the image of g; at
6_;) is in i’s ex-post choice from the set of alternatives 4;(6_;) (alternatives sustained in
projection by an IAA act in JZL), then g; is in ¢’s interim choice from 4;.2!

Mechanism p = (M, g) induces a game of incomplete information in a given ex-
post environment. In this environment, the relevant concept of opportunity sets in-
volves alternatives rather than IAA acts: Individual i’s opportunity set of alternatives
under mechanism p for a given message profile of other individuals m_; € M_; equals
Of(m_;) :=={g(mi,m_;) € X | m; € M;}.

The following presents the notion of EPE in ex-post environments:

Definition 10. A strategy profile * : © — M is an ex-post equilibrium of u if for
each 0 € ©, we have g(c*(0)) € C/ (O (0*,(0-:))) for alli € N.

In words, an EPE requires that the outcomes generated by the mechanism be an NE at
every state of the world, while individuals’ strategies have to be measurable with respect
to only their own types.?

Under Property B, we obtain arguments similar to those of Bergemann and Morris
(2008, 2011) and justify the use of EPE in behavioral domains. Every EPE of mechanism

w1 is a BIE of pu. Therefore, no individual has any incentives to find out others’ private

21'We are grateful to an anonymous referee for pointing us towards Property B and suggesting its useful
implications for our construction with ex-post choices.
22 A message profile m* € M is an NE of mechanism p = (M, g) at 6 if g(m*) € NienC? (OF(m*,)).

—1
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0_; 0_;

o Co(T) COT(T {a})
g CHT\{C/T)}) O T\ {a})
g O {a)) C4(T)
a z CY(T)
a’? Y Yy

Table 5: An example in conjunction with Property B.

information at the interim stage. In other words, “no agent would like to change his
message even if he were to know the true type profile of the remaining agents” (Bergemann
& Morris, 2008), and hence EPE induces robust behavior on account of this ex-post no-
regret property.

Notwithstanding, de Clippel (2020) presents a serious warning for the use of behav-
ioral ex-post/dominant equilibrium in environments with probabilistically sophisticated
individuals having singleton valued choices over alternatives: The failure of the ITA may
be at odds with the plausibility of the ex-post/dominant equilibrium notion. The con-
dition he analyzes is in the spirit of Savage’s sure-thing principle and is systematically
violated by choices that do not satisfy the IIA (and hence WARP). As Property B is
related to this condition, in what follows, we discuss situations in which a contradiction
along the lines of de Clippel (2020) may emerge in our behavioral setting.

To that regard, we construct an example mimicking the construction in the proof of
de Clippel (2020, Theorem 1): Suppose that individuals’ ex-post choices are singleton
valued while the ITA does not hold for some individual’s ex-post choices. Hence, there is
an individual ¢, a state 6 € ©, a non-empty set of alternatives T' € X', and an alternative
x €T\ C/T) such that CY(T) # C?(T \ {z}). Given i and her type 0;, if there are two
distinct type profiles of others, 6_;,0_; € ©_;, then we can construct the following set of

IAA acts: 4 = {a, al, ', a"} <Uyey7 gef,{af’g}) where these TAA acts are as specified
in Table 5 and Y,Y € X are as follows:

v =7\ {a,Ci(T), cW‘”(T\ {a}), CHT\ (SN},
vV =1\ {a.clT), ¢ T\ {z})},

Meanwhile, we let 4; = /‘le\{az} Then, we observe that 4;(6_;) = T, 4:(0_;) = T\{x}
4,(6_;) = T\ {C(T)}, and A,(6_;) = T\ {x}. Thus, by Property B, a; € (4
as @ (0_;) = CY(A(6-1)) and a(6.;) = C™ 8- >(:21¢(9_1)). Similarly, @/ € C’(4;) since
a(0_;) = COA(0_,)) and a/(0_;) = C""(A,(0_,)).
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We need the following additional requirements to reach a contradiction as in de Clippel
(2020): Individual i should perceive IAA acts g; and a to be equivalent to each other
on grounds of a;(6_;) = a/(6_;) and a;(6_;) = a/(6_;). That is, when considering 6_; and
6_;, only the underlying alternatives associated with these ITAA acts matter for her. As a
result, she perceives the IAA act that delivers 2/ at 6_; and 3 at 6_; to be equivalent to
another that provides 3’ at 6_; and 2’ at 6_; where 27,y € X. We model i’s equivalence
perception via an equivalence relation = defined on 4; and let [a;]- := {a; € 4; | a; = a;}
be the equivalence class of i’s perception associated with g; € 4;. For any set of [AA acts
A! C A;, the relation = partitions A/ into equivalence classes. We assume that ¢ perceives
two sets of IAA acts 4! and A/ as equivalent if the collection of equivalence classes in 4;
that the IAA acts in A/ and A/ belong to are equal to one another. We denote such a case
by A = 4. Formally, 4 = 42 if for all 3, € A", [a]- 14" # 0 for all k, £ = 1,2.
In furtherance, we assume that ¢’s interim choices from a set of IAA acts respect the
resulting equivalence classes: For any set of IAA acts 4!, @ € C’'(A)) if and only if
@ € C'(Aa) for all @ € [@)- N 4. For example, such equivalence classes emerge under
probabilistic sophistication with the use of lotteries when i’s belief is such that #_; and
6_; are equally likely. Then, going back to our example, we see that a; = g’ and /‘Elﬁ = /‘i
Recall that by Property B, a; € Cf(/‘i) and a/ € Cf(/‘i) If, in addition, we have that
for any set of IAA acts 4/, if @ € C’(A4!), then & € C’(A!) implies & € [a]- N 4! (ie.,
the interim choices are singleton valued upto the equivalence classes), then the desired
contradiction emerges: @ € C%(4;) implies 4’ € Cf(}i) as a; = a!’; further, a, = 4
implies @/ € C"(4;); but a’ ¢ [@]- while @ € C"(4).

This discussion establishes that the planner has to take de Clippel’s warning seriously
when using EPE to design mechanisms with individuals whose ex-post choices over al-
ternatives do not satisfy the ITA even if the environment does not feature probabilistic
sophistication.

On the other hand, interesting behavioral settings often involve ex-post choices that fail
the ITA.?3 In such environments and with incomplete information, as EPE is particularly
suited to handle interdependencies, Property B may have a practical appeal as a starting
point of analysis, especially when the aforementioned restrictions are not admissible. For
example, if there are no two states that are equally likely in the sense of the perception

equivalence elaborated above, or the interim choices are not unique up to the resulting

28ee for example the rational shortlist method of Manzini and Mariotti (2007); the choice under
status-quo bias analyzed in Samuelson and Zeckhauser (1988), Masatlioglu and Ok (2014), and Dean
et al. (2017); the choice with attraction effect studied in Huber et al. (1982), Ok et al. (2015), and de
Clippel and Eliaz (2012); choices of committees involving Condorcet cycles as in Hurwicz (1986); among
other such behavioral settings.
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equivalence classes, then implementation in EPE may be plausible.?*

Definition 11. We say that an SCS F € F is ex-post implementable if there exists
a mechanism p such that

(i) for every f € F, there exists an EPE o* of u that satisfies f = g o o™, and

(i1) for every EPE o* of , there exists f € F' such that goo* = f.

We refer to an SCF f as being partially ex-post implementable whenever condition (7)
in Definition 11 holds for F' = {f}.

We show that the notion of ez-post consistency is necessary for ex-post implementation.

Definition 12. A profile of sets of alternatives S = (S;(f,0-:))ien, fer, o_,co_, i €x-
post consistent with the SCS F € F if for every SCF f € F,

(i) for alli € N and all 0, € ©;, f(6,,0_;) € C"(Si(f,0_,)) for all 6_; € O_;, and

(13) for any deception profile v with foa & F, there exists 0* € © and i* € N such that
F(a(8)) & CF (Six (f, i (6%))).

A profile of sets of alternatives S is ex-post consistent with an SCS F' if the following
hold: (7) Given any ¢ € N and any f € F and any 6_; € ©_,, it must be that ¢’s ex-post
choices when she is of type 6. at state (0},0_;) contains f(6.,60_;) for all 8, € ©;; (i7)
given any f € F', whenever there is a deception profile a that leads to an outcome not
compatible with the SCS, there exist an informant state #* and an informant individual
i* such that f(«(6*)) is not in the ex-post choice of i* at 0* from Sp(f, a_s(0%,+)).

If mechanism g ex-post implements a given SCS F' € F, then for any SCF f € F|
there is an EPE o/ of i such that f = goo/. Thus, for all § € O, g(o/(0)) = f(9) €
NienC?(0" (67 (6_;))). Defining S by S;(f,0_;) := O*(o!.(0_;)) with i € N, f € F, and
0_; € ©_; implies (i) of ex-post consistency of S with F'. Meanwhile, if a deception profile
a is such that foa ¢ F, then o/ o a cannot be an EPE of j; because otherwise, by (i4)
of ex-post implementability, there is f € F with f = go o/ o a. But, since f = go o/,
f=foa e F, a contradiction. So, there is a state #* and an individual i* whose ex-post
choice at 0* from O (o7 . (a_s(0_i))) (which equals Sy (f, v_i=(0_;+))) does not include
f(a(6%)). This delivers (i) of ex-post consistency of S with F. This discussion proves

the following necessity result for implementation in EPE:

Theorem 4. If an SCS F € F is ex-post implementable, then there is a profile of sets of
alternatives ex-post consistent with F'.

24We wish to note that implementation in EPE neither implies nor is implied by Nash implementation
even in the rational domain. (Bergemann & Morris, 2008)
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Next, to establish that our ex-post necessity result extends the analysis of Bergemann
and Morris (2008) to behavioral domains, we show that our necessary condition implies
analogs of theirs: ex-post choice monotonicity and quasi-ex-post choice incentive compat-
ibility. Then, we display that under WARP, these conditions are equivalent to ex-post

monotonicity and ex-post incentive compatibility of Bergemann and Morris (2008).

Proposition 7. If there exists a profile of sets of alternatives ex-post consistent with an
SCS F € F, then F is ex-post choice monotonic; i.e., for every SCF f € F and
deception profile o with f o« & F, there is a state 8* € © and an indwidual i* € N and
a set of alternatives S* € X such that

(i) f(e(67)) ¢ CI(S), and

(1) f(On,ase(67,.)) € O )

7

(S*) for all 0. € ©;.

Proposition 7 directly follows from the existence of a profile of sets of alternatives
that are ex-post consistent with the given SCS F': Given a profile of sets of alternatives
S = (Si(f,0-:))ien, fer, 0_,co_, ex-post consistent with F, let S* := Sp(f, a_i=(6_)).
Then, (i) of ex-post choice monotonicity follows from (ii) of ex-post consistency while (i7)

of ex-post choice monotonicity follows from (i) of ex-post consistency.

Proposition 8. If there exists a profile of sets of alternatives ex-post consistent with an
SCS F € F, then F is quasi-ex-post choice incentive compatible; i.e., for every
SCF f € F and state 8 € © and individual i € N, there exists a set of alternatives S € X
such that f(0) € C?(S) and f(0;,0_;) == {f(0,,0_;) € X |0, €©;} CS.

To see the arguments needed to establish this result, let S := (S;(f, 0-;))ien, fer, o_;co_,
be a profile of sets of alternatives ex-post consistent with F' and set S := S;(f,0_;). By
(1) of ex-post consistency, f(#) € C?(S) establishing the first condition of quasi-ex-post
choice incentive compatibility. Since f(6!,0_;) € Ci(ag,e_i)(si< f,0-;)) for each 6, € ©; due
to (i) ex-post consistency, f(60;,60_;) € S for each 6] € ©;, establishing f(0;,0_;) C S.

To analyze ex-post implementation in the rational domain, we denote the utility of
individual i € N at state 6 € © of alternative z € X by u;(z,0), and let C¢(S) :={y € S :
u;i(y,0) > ui(x,0) Vo € S} for any S € X. Then, the necessary conditions of Bergemann
and Morris (2008) are defined as follows: An SCS F' is ex-post incentive compatible
if for every f € F, u;(f(0),0) > u;(f(0,,0_;),0) for all i € N, all 6 € O, and all 0, € O,.
Meanwhile, an SCS F' is ex-post monotonic if for every f € F and « with foa ¢ F
there exist ¢ € N, § € ©, and y € X such that

(i) iy, 0) > ui( f(a(6)), 0), and
(1) wi(F(8} ai(8-)). (B} ai(6-))) > wily, (B a—i(6_.))) for all 8, € ©,.
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We now establish that under WARP, the necessary conditions of Bergemann and
Morris (2008) are equivalent to our ex-post choice monotonicity coupled with quasi-ex-

post choice incentive compatibility.

Proposition 9. Under WARP, ex-post choice monotonicity coupled with quasi-ez-post
choice incentive compatibility is equivalent to ex-post monotonicity coupled with ex-post
incentive compatibility.

Proof of Proposition 9. The result follows from Lemmas 1 and 2.

Lemma 1. Under WARP, quasi-ex-post choice incentive compatibility is equivalent to
ex-post incentive compatibility.

Proof. Suppose that individuals’ choices satisfy WARP. If F' is quasi-ex-post choice
incentive compatible, then for all f € F, all # € ©, and all i« € N, there exists S € X
such that f(©;,0_;) C S and f(0) € C?(S). Hence, the definition of C¢Y under WARP
implies u;(f(0),0) > w;(f(0;,0_;),0) for all . € ©;, i.e., F'is ex-post incentive compatible.
Conversely, if F' is ex-post incentive compatible, then for all f € F, all § € O, and all
i€ N, u(f(0),0) > u(f(0,0-;),0) for all 0, € ©,. Letting S = f(0;,0_;) delivers the

desired conclusion. =

Lemma 2. Under WARP, the following hold:

(1) if an SCS F is ex-post choice monotonic, then it is ex-post monotonic, and

(13) if an SCS F is ex-post monotonic and ex-post incentive compatible, then it is ex-post
choice monotonic.

Proof. Suppose that individuals’ choices satisfy WARP.

For (i), suppose that for all f € F and o with f o« ¢ F, there exist i € N, 0 € O,
and S € X such that f(a(f)) ¢ CY(S) while f(0, a_;(0_;)) € C'f&a*i(e’i)(S). Then, let
y € CY(S). Then, by the definition of C? under WARP, we have u;(y, 0) > w;(f(a(6)), )
and u; (f(0,, a_;(0-;)), (0}, a—i(6-;))) > u;(y, (8}, a_;(6_;))) for all ; € O©,.

For (ii), suppose that for all f € F' and o with foa ¢ F, there exist i € N, § € O,
and y € X such that u;(y,0) > w;(f(a(0)),0) and w;(f(0;, a—i(0-;)), (0}, a_i(0-;))) >
wi(y, (0, a_;(0-;))) for all 0, € ©;. Let S = f(O;,a_;(0-;)) U{y}. Note that f(«(f)) € S
and (by the definition of C? under WARP) f(a(6)) ¢ C?(S). Since F is ex-post incentive
compatible by hypothesis, for all §; € ©; we have that u;(f(0, a_;(0_;)), (¢}, a_;(6_;))) >
wi(f (05, a_i(0_)), (0, a_;(6_,))) for all 6; € ©; and w;(f(#}, a_i(0_)), (6}, a_i(_))) >
wi(y, (0%, a_i(6-,))). Hence, f(0}, a_i(6_;)) € CL"*"~)(S) forall 9, € ©;. m m

We need the following to establish our sufficiency result for implementation in EPE.
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Definition 13. The ex-post choice incompatible pair property holds in a given ex-

post environment EP if for each state 6 and each alternative x € X, there exist individuals
i,j € N with i # j such that x ¢ C(X) and x ¢ CY(X).

Similar to its interim counterpart, this condition implies some level of disagreement
among individuals regarding their ex-post choices at every state. It ensures that any
alternative can be (ex-post) chosen by at most n — 2 individuals at any state.

The ex-post choice incompatible pair property coupled with ex-post consistency is

sufficient for implementation in EPE:

Theorem 5. Suppose that the ex-post environment £ is such that n > 3 and ex-post
choice incompatible pair property holds. Then, if there is a profile of sets of alternatives
ex-post consistent with the SCS F € F, then F is implementable in EPFE.

Proof of Theorem 5. Consider an SCS F € F with which the profile of sets of
alternatives S := (S;(f,0-i))ien, fer, 0_,co_, is ex-post consistent. For any i € N, f € F,
0_;, € ©_;, let (i, f,0_;) be an arbitrary alternative in S;(f,0_;).

We use the following mechanism p = (M, g): For each ¢ € N, her set of messages is
M; = F x ©; x X x N, while a generic message is denoted by m; = (f,0;, z;, k;), and the
outcome function g : M — X is as specified in Table 6.

Rule 1: ¢g(m) = f(0) it m; = (f,0;,-,-) for all i € N,

. - €T if T S Sj(f, 9,]‘), if m; = (f, 9,-1-,;) for all ¢ € Jy \ {j}
Rule 2: g(m) = { z(j, f,0—;) otherwise. and m; = (f,0;,x;,-) with f # f,
Rule 3: g(m)=x; wherej=> .k (modn) otherwise.

Table 6: The outcome function of the mechanism.

First, we show that for any f € F, there exists an EPE, o/, of u = (M, g) such
that f = goof. Take any f € F, let o/ (6;) = (f,0;,x,1) for each i € N and for
some arbitrary z € X. By Rule 1, we have g(o/(0)) = f(6) for each § € O, i.e.,
f = goof. Observe that for any unilateral deviation by individual i from o7, either
Rule 1 or Rule 2 applies, i.e., Rule 3 is not attainable by any unilateral deviation from
of. By construction, O*(c?,(6_;)) = Si(f,0_;) for each § € ©, i € N. Since, by (i)
of ex-post consistency, f(8) € C?(S;(f,0_;)) for each i € N, we have for each § € O,
g(a?(9)) € CY(O" (a7 ,(6_,))) for all i € N, ie., o is an EPE of y such that f = goo/.

Consider now any EPE o* of p denoted as o} (0;) = (fi(6;), ai(6:), x:(60;), ki(6;)) for
each ¢ € N. That is, f;(6;) denotes the SCF proposed by i when her type is 6;; «;(6;),
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the reported type of @ when her type is 0;; z;(6;), the alternative proposed by 7 when her
type is 6;; and k;(0;), the number proposed by i when her type is 6;.

Next, we show that, under any EPE ¢* of u, Rule 1 must apply at each 6 € ©:
Suppose, for contradiction, that either Rule 2 or Rule 3 applies at some 6 € © under o*.
If Rule 2 applies at 6, by construction, we have O;‘(aij(é_j)) = S;(f,;(0_;)) for the odd-
man-out j € N and O¥(c*,(0_;)) = X for all i # j, i.e., for all the other n— 1 individuals.
On the other hand, if Rule 3 applies at , we have, by construction, O"(c*,(_;)) = X
for all ¢ € N. Therefore, under both Rule 2 and Rule 3, at least n — 1 individuals have
the opportunity set X. Since o* is an EPE of y, it follows that g(c*(8)) € C?(X) for at
least n — 1 individuals. This contradicts the ex-post choice incompatible pair property.

Moreover, under any EPE ¢* of u, the product structure of ©, there is a unique f € F
such that f;(6;) = f for alli € N and for all §; € ©,. Hence, by Rule 1, g(c*(0)) = f(«(0))
for each 0 € ©.

Finally, we show that f o a € F: Since Rule 1 applies at each # € ©, and each
i € N reports the type a;(0;) € ©; as the second entry of their messages at § € © under
o*, by construction, at each 0 € O, Of(c*,(0-;)) = Si(f,a—i(0-;)) for all : € N. If
foa ¢ F, then by (i) of ex-post consistency, there are §* € © and i* € N such that
f(a(6) ¢ CF(Si-(f,a—(6—+))). But this implies g(c*(6%)) ¢ CL (0% (0% (0%2))), a
contradiction to ¢* being an EPE of y. Thus, foa € F. So, goo* = foa € F, which

implies that condition (i) of ex-post implementability holds as well. m

10 Concluding Remarks

We investigate the problem of full implementation under incomplete information when
individuals’ choices need not satisfy the standard axioms of rationality.

Our focus is on full implementation in BIE because the revelation principle for partial
implementation fails, and hence, one cannot restrict attention to direct mechanisms with-
out a loss of generality. Consequently, we provide necessary as well as sufficient conditions
for the implementation of SCSs in BIE. These help us analyze the implementability in
BIE of behavioral versions of interim incentive efficiency and CREE. Further, we identify
conditions characterizing instances when an SCF is implementable in BIE via its asso-
ciated direct mechanism. Finally, we study the ex-post approach and inspect the full
implementation of SCSs in EPE.

An interesting direction for future research is to analyze whether practical and simple
mechanisms are available for specific types of behavioral biases under incomplete infor-

mation. We hope that our results pave the way for contributions in this direction.
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