
Available online at www.sciencedirect.com
ScienceDirect

Journal of Economic Theory 213 (2023) 105738
www.elsevier.com/locate/jet

Behavioral implementation under incomplete 

information ✩

Mehmet Barlo a, Nuh Aygün Dalkıran b,∗

a Faculty of Arts and Social Sciences, Sabancı University, Türkiye
b Department of Economics, Bilkent University, Türkiye

Received 15 October 2020; final version received 23 July 2023; accepted 4 September 2023
Available online 11 September 2023

Abstract

We investigate implementation under incomplete information allowing for individuals’ choices featuring 
violations of rationality. Our primitives are individuals’ interim choices that do not have to satisfy the weak 
axiom of revealed preferences. In this setting, we provide necessary as well as sufficient conditions for 
behavioral implementation under incomplete information. We also introduce behavioral interim incentive 
Pareto efficiency and investigate its implementability under incomplete information.
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1. Introduction

People have limited cognitive abilities and are prone to various behavioral biases; this is docu-
mented by ample evidence in marketing, psychology, and behavioral economics literature. Thus, 
it is not surprising that the behavior of individuals may not be consistent with the standard ax-
ioms of rationality.1 What shall a planner do if she wants to implement a goal when the relevant 
information is distributed among “predictably irrational” individuals?

The present paper provides an analysis of the theory of implementation under incomplete in-
formation when individuals’ choices do not necessarily comply with the weak axiom of revealed 
preferences (WARP), the condition corresponding to the standard axioms of rationality. Our re-
sults 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 individu-
als’ 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 the full implementation of social choice rules in 
BIE. Therefore, our paper can be viewed as the incomplete information counterpart of de Clip-
pel (2014), which is one of the pioneering papers on behavioral implementation under complete 
information.

In behavioral environments of incomplete information, each mechanism induces an incom-
plete information game where an individual’s message (action) generates an interim Anscombe-
Aumann (IAA) act, mapping each type profile of other individuals to alternatives. We assume 
that the planner knows how each type of each individual makes their choices on IAA acts, while 
these choices do not necessarily satisfy WARP. By following Saran (2011), who introduced this 
general setup and the corresponding equilibrium concept, we analyze full implementation under 
incomplete information allowing for a wide variety of behavioral biases.

A 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.

Our necessity result, Theorem 1, shows that if a mechanism implements a social choice set 
(SCS) in BIE, then the resulting opportunity sets, IAA acts individuals obtain via unilateral devi-
ations, form a profile of sets with some desirable properties. In this profile, each set corresponds 
to an individual, a social choice function (SCF) in the SCS, and a deception profile of the other 
individuals.2 First, this profile is closed under deception: IAA acts generated via any given de-
ception from any set in the profile constitute another set in this profile. Second, each individual 
chooses the IAA act induced by the given SCF from the set corresponding to others’ truth-
ful type reports, implying a quasi-incentive compatibility condition (Proposition 1). Finally, a 

1 This is why the trend involving behavioral insights in policy-making has been growing, implying an increased interest 
in adopting economic models to allow behavioral biases. Thaler and Sunstein’s 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 organization 
to bounded rationality.

2 An individual’s deception maps her type space into itself and hence contains the identity function, an individual’s 
truthful type report.
2
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Maskin monotonicity-like requirement holds: For any deception turning a desirable SCF into a 
state-contingent allocation not aligned with the SCS, there is a whistle-blower who objects to this 
deception. A profile of sets satisfying these properties for a given SCS, we call interim consistent
with the SCS.

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

To showcase the applicability of our findings, we analyze the implementability of efficiency 
in BIE. First, we introduce behavioral interim efficiency by modifying de Clippel’s (com-
plete information) efficiency and show that it exists when individuals’ choices are non-empty 
valued. However, it is not implementable in BIE due to the well-known conflict between effi-
ciency and incentive compatibility. This is why we entangle behavioral interim efficiency with 
quasi-incentive compatibility and obtain the behavioral counterpart of interim incentive Pareto 
efficiency of Holmström and Myerson (1983). We also provide a sufficient condition for its exis-
tence. Moreover, we establish that under rationality, behavioral interim efficiency and behavioral 
interim incentive efficiency coincide with interim Pareto efficiency and interim incentive Pareto 
efficiency, respectively.

Second, we show that in behavioral environments, blending efficiency with quasi-incentive 
compatibility does not suffice for its implementability in BIE, even under choice incompatibil-
ity. This is because the profile of implicit opportunity sets associated with behavioral interim 
incentive efficiency fails to ensure the existence of a profile closed under deception, a necessary 
condition for BIE implementation. Demanding a monotonicity-like condition from the profile 
of sets generated by deceptions from the implicit opportunity sets sustaining behavioral interim 
incentive efficiency equips us with a profile closed under deception. As a result, we obtain the 
BIE implementability of this SCS under choice incompatibility (Proposition 5). We display the 
full implementability in BIE of a selection from the behavioral interim incentive efficient SCS 
on an example using the minimax-regret preferences of Savage (1951), while an SCF in this se-
lection 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).

Our paper is mostly related to de Clippel (2014) and Saran (2011). de Clippel (2014) identifies 
the key condition —existence of opportunity sets that are consistent with the social goal—that is 
necessary and, with some additional restrictions, sufficient for behavioral (full) implementation 
under complete information. On the other hand, Saran (2011) develops a general framework 
and an equilibrium concept to study mechanism design in behavioral domains and shows that 
quasi-incentive compatibility characterizes behavioral partial implementation under incomplete 
information. Our paper fills the gap by providing interim consistency and showing that it is 
necessary and, with some additional restrictions, sufficient for behavioral (full) implementation 
under incomplete information. Another related paper is Jackson (1991), which analyzes Bayesian 
implementation in the rational domain and generalizes the analysis of Maskin (1999) (on Nash 
implementation under complete information) to the case of incomplete information. Our paper 
can 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 information and Jackson (1991)’s analysis to the case 
where individuals’ interim choices need not satisfy WARP.

Hurwicz (1986), Eliaz (2002), Barlo and Dalkiran (2009), Ray (2010), and Korpela (2012)
have also investigated the problem of implementation under complete information in behav-
ioral/non-rational domains. Hurwicz (1986) considers choices that can be represented by a 
3
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well-defined preference relation that does not have to be acyclic. Eliaz (2002), a seminal pa-
per 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. 
Barlo and Dalkiran (2009) provides an analysis of implementation in epsilon-Nash equilibrium, 
i.e., when individuals are satisficing so that they get close to (but not necessarily achieve) their 
best responses. Ray (2010) is among the first papers that extend the standard implementation 
problem to include behavior not representable by a preference relation. Korpela (2012) shows 
that when individual choices fail rationality axioms, the independence of irrelevant alternatives 
is key to obtaining the necessary and sufficient condition synonymous to that of Moore and Re-
pullo (1990).3

Another significant and related paper is Bergemann and Morris (2008), which analyzes ex-
post implementation in the rational domain under incomplete information. We analyze behavioral 
ex-post implementation in Barlo and Dalkıran (2023) and extend the analysis of Bergemann and 
Morris (2008) to behavioral domains. Meanwhile, we adhere to the warning of de Clippel (2022)
involving the use of behavioral ex-post equilibrium in environments where ex-post choices fail 
WARP.4

The organization of the paper is as follows: In Section 2, we provide the notation and the def-
initions. Section 3 contains our necessity results; Section 4 our sufficiency results. In Section 5, 
we analyze behavioral interim (incentive) efficiency, while Section 6 provides an example with 
minimax-regret preferences. Section 7 concludes.

2. Notation and definitions

Consider a set of individuals N = {1, . . . , n} and a non-empty set of alternatives X. Let �
denote the set of all relevant states of the world regarding individuals’ choices. We assume that 
there is incomplete information among the individuals regarding the true state of the world and 
the private information of each individual is exclusive. Hence, the true state of the world is 
distributed knowledge.5 Therefore, � has a product structure, i.e., � = ×i∈N�i where θi ∈ �i

denotes the private information (type) of individual i ∈ N at state θ = (θ1, . . . , θn) ∈ �.
For any individual i ∈ N , an interim Anscombe-Aumann act (IAA) sustained by �−i :=

×j �=i�j on X is ai : �−i → X, a function mapping �−i into X. We denote the set of i’s IAA 
acts sustained by �−i on X by Ai and let Ac

i := ∪x∈X{ax
i ∈ Ai} where ax

i is the constant IAA act 
with ax

i (θ−i ) = x for all θ−i ∈ �−i . For any Ãi ⊂ Ai and any θ−i , Ãi (θ−i ) := {x ∈ X | ai (θ−i ) =
x for some ai ∈ Ãi}. Given i ∈ N , her type θi ∈ �i , and a non-empty subset of IAA acts S ⊂ Ai , 
the choice of individual i of type θi from the set of IAA acts S is given by Cθi

i (S) ⊂ S. Individuals’ 

3 There have been other papers investigating implementation under complete information that allow for ‘non-rational’ 
behavior of individuals. 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. Meanwhile, some of the other 
related works include Cabrales and Serrano (2011), Kucuksenel (2012), Saran (2016), Kunimoto and Serrano (2020), 
Bochet and Tumennasan (2021), Chen et al. (2021), Kunimoto and Saran (2022), Barlo and Dalkıran (2022a), Hayashi 
et al. (2023), Kunimoto et al. (2023), and Xiong (2023). For more on full implementation, we refer the reader to Moore 
(1992), Jackson (2001), Maskin and Sjöström (2002), Palfrey (2002), and Serrano (2004).

4 Previous versions of the current paper contain some of this analysis.
5 Unlike Jackson (1991), our formulation does not encompass the case of complete information because individuals’ 

private information is exclusive. Consequently, the only common knowledge event among the individuals is the whole 
state space.
4
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choices are not necessarily non-empty valued unless otherwise stated explicitly, and we impose 
no further restrictions.6

We summarize our environment by E = 〈N, X, (�i)i∈N, (Cθi

i )i∈N, θi∈�i
〉, which is common 

knowledge among the individuals.
An SCF h : � → X is a state-contingent allocation mapping � into X. SCF h : � → X

induces an associated IAA act that individual i of type θi faces: hi,θi
∈ Ai defined by hi,θi

(θ−i ) =
h(θi, θ−i ) for all θ−i ∈ �−i . The set of all SCFs is H := {h | h : � → X}.

As there may be many socially optimal SCFs that a designer may wish to consider simultane-
ously, we focus on SCSs: An SCS, denoted by F , is a non-empty set of SCFs, i.e., F ⊂ H and 
F �= ∅. An SCF f ∈ F specifies a socially optimal alternative—as evaluated by the planner—for 
each state.7 F denotes the set of all SCSs.

We denote a mechanism by μ = (M, g) where Mi denotes the non-empty set of messages
available to individual i with M = ×i∈NMi , and g : M → X describes the outcome function that 
specifies the alternative to be selected for each message profile. A mechanism induces an incom-
plete information game form in our environment. A strategy of individual i under mechanism μ
specifies a message for each possible type of i and is denoted by σi : �i → Mi . Individual i’s 
opportunity set of IAA acts under μ for σ−i consists of IAA acts that i can unilaterally generate 
when the other individuals use σ−i := (σj )j �=i , and it is given by

Oμ
i (σ−i ) :=

⋃
mi∈Mi

{ai ∈ Ai | ai (θ−i ) = g(mi, σ−i (θ−i )) for all θ−i ∈ �−i} .

Given individuals’ choices on IAA acts, a natural equilibrium concept that Saran (2011) in-
troduces is the behavioral interim equilibrium, which is defined as follows:

Definition 1. A strategy profile σ ∗ = (σ ∗
i )i∈N is a behavioral interim equilibrium (BIE) of 

mechanism μ = (M, g) if for all i ∈ N and all θi ∈ �i , a∗
i,θi

∈ Cθi

i (Oμ
i (σ ∗−i )), where a∗

i,θi
is 

the IAA act defined by a∗
i,θi

(θ−i ) = g(σ ∗
i (θi), σ ∗−i (θ−i )) for all θ−i ∈ �−i .

In words, the strategy profile σ ∗ is a BIE of μ if for any player i and any type θi , the IAA act 
generated in the mechanism via the prescribed action σ ∗

i (θi) is chosen by i of type θi from the 
opportunity set of IAA acts of i given others’ strategy σ ∗−i . The concept of BIE gives rise to the 
following notion of implementation:

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

(i) for all f ∈ F , there exists a BIE σf of μ such that g ◦ σf = f , and
(ii) if σ ∗ is a BIE of μ, then g ◦ σ ∗ ∈ F .

6 Sen (1971) shows that a choice correspondence satisfies WARP (and is represented by a complete and transitive 
preference relation) if and only if it satisfies independence of irrelevant alternatives (referred to as IIA or Chernoff’s 
α Chernoff (1954)) and an expansion consistency axiom (known as Sen’s β). Letting X be the set of all non-empty 
subsets of X, we say that the choice correspondence c on X satisfies (i) the IIA if x ∈ S ∩ c(T ) for some S, T ∈ X with 
S ⊂ T implies x ∈ c(S); (ii) Sen’s β if x, y ∈ S ⊂ T for some S, T ∈ X , and x, y ∈ c(S) implies x ∈ c(T ) if and only if 
y ∈ c(T ).

7 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 Holmström and Myerson (1983), Postlewaite and Schmeidler (1986), Palfrey and 
Srivastava (1987), Jackson (1991), and Bergemann and Morris (2008).
5
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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 (ii) every BIE of 
the mechanism must correspond to an SCF in the SCS. Hence, our focus is on full implementa-
tion. 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 individuals’ 
private information. However, individuals may misreport their private information. We denote a 
deception by individual i as αi : �i → �i . The interpretation is that αi(θi) is individual i’s re-
ported type. Therefore, α(θ) := (α1(θ1), α2(θ2), . . . , αn(θn)) is a profile of (possibly deceptive) 
reported types while αid denotes the truthtelling profile, i.e., αid

i (θi) = θi for all i ∈ N and all 
θi ∈ �i . We denote the set of all possible deceptions of individual i by �i . We let � := ×i∈N�i , 
�−i := ×j �=i�j , and α−i (θ−i ) := (αj (θj ))j �=i . Moreover, a garbling of an IAA act ai that indi-
vidual i of type θi faces when the other individuals are using deception α−i ∈ �−i is the IAA act 
aα
i := ai ◦ α−i . Similarly, a garbling of an SCF h ∈ H that individual i of type θi faces when the 

others are using deception α−i ∈ �−i is the IAA act hα
i,θi

:= hi,θi
◦ α−i .

3. Necessity

If an SCS F is implementable in BIE, then there is a mechanism μ such that for every SCF f
in F , there is a BIE σf of μ that generates f . Thus, σf

−i induces an opportunity set for individual 
i from which each type θi of i chooses fi,θi

, the IAA act induced by f that i of type θi faces. 
Meanwhile, any individual j ∈ N may employ any deception αj : �j → �j whereby j of type 
θj acts as if she is of type αj (θj ). So, individual i of type θi faces the IAA act induced by f ◦ α, 
i.e., fαi,θi

, the garbling of fi,θi
when others are using deception α−i . Thus, i’s opportunity set 

induced by σf
−i ◦ α−i must include this garbling.

Consequently, the notion of closedness under deception emerges naturally thanks to imple-
mentation under incomplete information8: Given an SCS F ∈ F , a profile of sets of IAA 
acts S := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i

is closed under deception if ai ∈ Si (f, α−i ) implies 

aα̃
i ∈ Si (f, α̃−i ◦ α−i ) for all i ∈ N , all f ∈ F , and all α, α̃ ∈ �−i .

We now introduce our necessary condition interim consistency:

Definition 3. A profile of sets of IAA acts S := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i
is interim consis-

tent with SCS F ∈ F if it is closed under deception and for every SCF f ∈ F ,

(i) for all i ∈ N and all θi ∈ �i , fi,θi
∈ Cθi

i (Si (f, αid−i )), and
(ii) for any deception profile α ∈ � with f ◦ α /∈ F , there exists i∗ ∈ N and θ∗

i∗ ∈ �i∗ such that 

fα
i∗,θ∗

i∗
/∈ C

θ∗
i∗

i∗ (Si∗(f, α−i∗)).

A profile of sets of IAA acts S := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i
satisfies interim consistency 

with an SCS F if S is closed under deception and for each f ∈ F , the following hold: (i) Given 
any i ∈ N and any θi ∈ �i , i’s choices when she is of type θi from Si (f, αid−i ) (the set of IAA 
acts in S associated with i, f , and the truthtelling profile of individuals other than i) contains 
the IAA act associated with f that she faces, namely fi,θi

; and (ii) if there is a deception profile 

8 We thank an anonymous referee for pointing us toward the notion of closedness under deception.
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α that leads to an outcome not compatible with the SCS, i.e., f ◦ α /∈ F , then there exists an 
informant individual i∗ of type θ∗

i∗ who does not choose fα
i∗,θ∗

i∗
(the garbling of fi∗,θ∗

i∗ that i∗ of 

type θ∗
i∗ faces when the others use deception α−i∗) from Si∗(f, α−i∗) (the set of IAA acts in S

associated with i∗, f , and α−i∗ ).9

If a mechanism μ = (M, g) implements a given SCS F ∈ F in BIE, then for any SCF f ∈ F , 
there exists a BIE σf of μ such that f = g ◦σf . Let us define S by Si (f, α−i ) := Oμ

i (σ
f
−i ◦α−i )

for each i ∈ N , f ∈ F , and α−i ∈ �−i .
First, we observe that S is closed under deception: If for any i ∈ N , ai ∈ Si (f, α−i ), then 

ai (θ−i ) = g(mi, σ
f
−i (α−i (θ−i ))) for some mi ∈ Mi , for all θ−i ∈ �−i ; hence, for any other de-

ception profile α̃ ∈ �, ai (α̃−i (θ−i )) = g(mi, σ
f
−i (α̃−i (α−i (θ−i )))) for all θ−i ∈ �−i . Therefore, 

aα̃
i ∈ Oμ

i (σ
f
−i ◦ α̃−i ◦ α−i ) and hence aα̃

i ∈ Si (f, α̃−i ◦ α−i ).
As for each i ∈ N and θi ∈ �i , the IAA act associated with f that i of type θi faces, fi,θi

, is 
in Cθi

i (Oμ
i (σ

f
−i )), (i) of interim consistency of S with F holds since σf is a BIE of μ such that 

f = g ◦ σf while σf
−i ◦ αid−i = σ

f
−i implies that Oμ

i (σ
f
−i ) = Si (f, αid−i ).

On the other hand, if a deception profile α is such that f ◦α /∈ F , then σf ◦α cannot be a BIE 
of μ. Otherwise, by (ii) of implementability in BIE, there exists f̃ ∈ F with f̃ = g ◦ σf ◦ α. 
But, since f = g ◦ σf , we have f̃ = f ◦ α /∈ F , a contradiction. So, there is an individual i∗ of 
type θ∗

i∗ who does not choose fα
i∗,θ∗

i∗
, the IAA act associated with f ◦ α that i∗ of type θ∗

i∗ faces, 

from Oμ
i∗(σ

f
−i∗ ◦ α−i∗), which equals Si∗(f, α−i∗). This delivers (ii) of interim consistency of S

with F .
The above 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 ∈ F 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 as 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 ∈ F is quasi-incentive compatible if for all f ∈ F and all i ∈ N , there 
exists a set of IAA acts Ti ⊂ Ai with {fi,θ̃i

| θ̃i ∈ �i} ⊂ Ti and fi,θi
∈ Cθi

i (Ti ) for all θi ∈ �i .

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 := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i

. To see this, for 

any given f ∈ F and any i ∈ N , let Ti = Si (f, αid−i ). Then, for all i ∈ N , {fi,θ̃i
| θ̃i ∈ �i} ⊂ Ti , 

9 Consistency 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 (x, θ) ∈ X | i ∈ N, θ ∈
�, x ∈ �(θ)}, such that (i) for all i ∈ N , all θ ∈ �, and all x ∈ �(θ), x ∈ cθ

i
(Si (x, θ)); (ii) x ∈ �(θ) \ �(θ ′) with 

θ, θ ′ ∈ � implies there is i∗ ∈ N such that x /∈ cθ ′
∗ (Si∗ (x, θ)).
i

7
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and (i) of interim consistency implies fi,θi
∈ Cθi

i (Ti ) for all θi ∈ �i . 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.

The quasi-incentive compatibility of SCS F = {f } is equivalent to the partial implementabil-
ity of SCF f in BIE as established in Proposition 4.9 of Saran (2011). That study identifies a 
condition called weak contraction consistency (implied by the IIA), proves that this condition is 
necessary and sufficient for the revelation principle, and shows that the revelation principle fails 
under non-rational choices.

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. In 
this section, we present such conditions.10

Definition 5. The choice incompatibility condition holds in environment E whenever the follow-
ing holds: If for any SCF h ∈ H and any θ̄ ∈ �, a profile of sets of IAA acts (Ãi)i∈N is such 
that

(i) for all i ∈ N , hi,θ̄i
∈ Ãi , and

(ii) there is j̄ ∈ N such that for all i ∈ N \ {j̄}, Ãi (θ̄−i ) = X,

then there is i∗ ∈ N \ {j̄} such that hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Ãi∗).

In words, the choice incompatibility condition demands the following: Suppose SCF h, state 
θ̄ , and a profile of sets of IAA acts (Ãi)i∈N are such that (i) for each individual i ∈ N , the IAA 
act induced by h for i’s type θ̄i , hi,θ̄i

, is in Ãi , and (ii) apart from an odd-man-out j̄ ∈ N , for 

all i �= j̄ , the alternatives sustained in projection by an IAA act in Ãi , namely Ãi (θ̄−i ), equal
X. Then, there is an individual i∗, different than the odd-man-out, who does not choose hi∗,θ̄i∗
at her type θ̄i∗ from Ãi∗ . This condition implies some level of disagreement among individuals 
regarding their evaluation of SCFs in some circumstances. To see why note that if SCF h, state θ̄ , 

and the profile of IAA acts (Ãi)i∈N are such that hi,θ̄i
∈ Cθ̄i

i (Ãi ) for all i ∈ N , then (i) of choice 

incompatibility follows trivially and hence existence of j̄ ∈ N with Ãi (θ̄−i ) = X for all i �= j̄

implies choice incompatibility cannot hold.
The choice incompatibility condition coupled with interim consistency is sufficient for imple-

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

10 There 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.
8
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Table 1
The outcome function of the mechanism for Theorem 2.

Rule 1 : g(m) = f (θ) if mi = (f, θi , ·, ·, ·) for all i ∈ N,

Rule 2 : g(m) =
⎧⎨
⎩

ãj (θ−j ) if ãj ∈ Sj (f,αid−j
),

f
j,θ̃j

(θ−j ) otherwise.

if mi = (f, θi , ·, ·, ·) for all i ∈ N \ {j}
and mj = (m1

j
, θ̃j , ãj , ·, ·) with m1

j
�= f,

Rule 3 : g(m) = x(j) where j = ∑
i∈N k(i) (mod n) otherwise.

Theorem 2. Suppose that environment E is such that n ≥ 3 and the choice incompatibility con-
dition holds. Then, if there exists a profile of sets of IAA acts interim consistent with SCS F ∈ 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 incompatibility condition holds, and F is an SCS for which the profile 
S := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i

is interim consistent. The mechanism we employ makes use 
of the following observations: (i) the outcome should be f (α(θ)) when there is unanimous 
agreement between the individuals over f ∈ F , the realized state is θ , and all individuals are 
reporting their types following some deception α ∈ �11; (ii) then, under such a unanimous 
agreement, each individual j should be able to generate unilaterally the set Sj (f, α−j ); (iii)
whenever there is an attempt to deceive the designer with a deceptive unanimous agreement that 
results in an outcome not compatible with the SCS, a whistle-blower should be able to alert the 
designer; (iv) the remaining undesirable BIE should be eliminated (e.g., by using a modulo or 
an integer game).12

The mechanism μ = (M, g) we define below satisfies the properties discussed above: For 
each i ∈ N , Mi = F ∪ {∅} × �i × Ai × X × N , while a generic message is denoted by mi =
(m1

i , θ
(i)
i , a(i)

i , x(i), k(i)), and the outcome function g : M → X is as in Table 1.
In words, each individual i is required to send a message that consists of five components. 

The first component specifies either an SCF f (i) ∈ F or a flag denoted by ∅, the second a type of 
herself θ(i)

i ∈ �i , the third an IAA act a(i)
i ∈ Ai , the fourth an alternative x(i) ∈ X, and the fifth a 

number k(i) ∈ N = {1, 2, . . . , n}.
Rule 1 indicates 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 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 Sj (f, αid−j ), otherwise the outcome is in 

line with SCF f (while the IAA act associated with f that j faces is also in Sj (f, αid−j )). Finally, 
Rule 3 applies when both Rules 1 and 2 fail, then the outcome is determined by the winner of the 
modulo game.

If there is unanimity among the individuals’ messages regarding the SCF to be implemented 
and all individuals are reporting their types truthfully, then Rule 1 applies at every state, and 

11 We note that the outcome equals f (θ) if there is unanimous agreement among the individuals over f ∈ F , the realized 
state is θ , and all individuals are reporting their types truthfully as αid(θ) = θ .
12 Our mechanism resembles those used for sufficiency in the implementation literature. See for example, Repullo 
(1987), Saijo (1988), Moore and Repullo (1990), Maskin (1999), Bergemann and Morris (2008), de Clippel (2014), 
Koray and Yildiz (2018), and Altun et al. (2023).
9
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hence the opportunity set of IAA acts of any individual i is Si (f, αid−i ). As the opportunity sets 
of IAA acts under truthtelling satisfy (i) of interim consistency, 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 θ ∈ � thanks to 
the choice incompatibility condition. Consequently, the opportunity sets of IAA acts under any 
(possibly deceptive) BIE are induced by the interim consistent profile S thanks to this profile 
being closed under deception. That is why every BIE must be aligned with SCS F ; otherwise, by 
(ii) of interim consistency, there is a whistle-blower 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 the choice incompatibility condition holds. Let 
F ∈ F be an SCS for which the profile S := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i

is interim consistent. 
The mechanism we use is as defined on page 9.

First, we show that for any f ∈ F , there exists σf a BIE of μ = (M, g) such that f = g ◦ σf . 
That is, condition (i) of implementability in BIE holds.

Take any f ∈ F , let σf
i (θi) = (f, θi, fi,θi

, x̄, 1) for each i ∈ N and some x̄ ∈ X. Then, Rule 
1 applies and we have g(σf (θ)) = f (θ) for each θ ∈ �, i.e., f = g ◦ σf . For any unilateral 
deviation of individual i from σf , either Rule 1 or Rule 2 applies, while Rule 3 is not attain-
able. Hence, by construction, Oμ

i (σ
f
−i ) = Si (f, αid−i ) for all i ∈ N . Recall that, by (i) of interim 

consistency, fi,θi
∈ Cθi

i (Si (f, αid−i )) for each i ∈ N and each θi ∈ �i . Ergo, for all i ∈ N and all 

θi ∈ �i , a∗
i,θi

∈ Cθi

i (Oμ
i (σ

f
−i )) where a∗

i,θi
(θ−i ) = g(σ

f
i (θi), σ

f
−i (θ−i )) for all θ−i ∈ �−i . So, σf

is a BIE of μ such that f = g ◦ σf .
Consider now any BIE σ ∗ of μ denoted as σ ∗

i (θi) = (m1
i (θi), αi(θi), ai (θi), xi(θi), ki(θi)) for 

each i ∈ N . That is, m1
i (θi) denotes the first component (either a proposed SCF or a flag), αi(θi)

the reported type, ai (θi) the proposed act, xi(θi) the proposed alternative, and ki(θi) the proposed 
number by i when her realized type is θi .

Next, we show that, under any BIE σ ∗ of μ, Rule 1 must apply at every state θ ∈ �: Suppose 
for a contradiction that either Rule 2 or Rule 3 applies under σ ∗ at θ̄ and consider (Ãi )i∈N with 
Ãi := Oμ

i (σ ∗−i ) for all i ∈ N . Let SCF h∗ := g ◦ σ ∗. Then, h∗
i,θ̄i

∈ Ãi for all i ∈ N . Further, 

Ãi (θ̄−i ) = X for all i �= j̄ for some j̄ ∈ N . To see why consider the following: If Rule 2 applies 
under σ ∗ at θ̄ with j̄ as the odd-man-out, then, for any x ∈ X and i �= j̄ , (σ̃i , σ ∗−i ) triggers 
Rule 3 at θ̄ and delivers x where σ̃i is such that σ̃i(θi) = σ ∗

i (θi) for all θi �= θ̄i and σ̃i(θ̄i ) =
(∅, αi(θ̄i), x, k∗) where k∗ is the number that makes i the winner of the modulo game at θ̄ given 
σ ∗−i . If Rule 3 applies under σ ∗ at θ̄ , one can simply take j̄ = 1 and repeat the steps above. 

Thus, for SCF h∗ and state θ̄ , the profile of sets of IAA acts (Ãi)i∈N satisfies both (i) and (ii)
of the choice incompatibility condition with the odd-man-out given by j̄ . So, there is i∗ �= j̄

with hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Ãi∗). This delivers the desired contradiction as σ ∗ is a BIE of μ and hence 

h∗
i,θ̄i

∈ Cθ̄i

i (Ãi ) for all i ∈ N .

Moreover, due to the product structure of the state space, under any BIE σ ∗ of μ, there is 
a unique f ∈ F such that m1

i (θi) = f for all i ∈ N and all θi ∈ �i . To see why, suppose there 
are i, j with i �= j , who propose different SCFs under σ ∗, say f, f ′ ∈ F with f �= f ′ for their 
types θi and θj , respectively. Then, Rule 1 cannot apply at (θi, θj , θ−{i,j}), a contradiction to the 
conclusion that under any BIE σ ∗ of μ, Rule 1 holds at each θ ∈ �.
10
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Finally, we show that f ◦ α ∈ F : Since Rule 1 applies at each θ ∈ �, and each i ∈ N reports 
the type αi(θi) ∈ �i as the second entry of their messages at θ ∈ � under σ ∗, by construction and 
S being closed under deception, we have, at each θ ∈ �, Oμ

i (σ ∗−i ) = ∪ai∈Si (f,αid−i )
{ai ◦ α−i} =

Si (f, αid−i ◦ α−i ) = Si (f, α−i ) for all i ∈ N .13 If f ◦ α /∈ F , then by (ii) of interim consistency, 

there exists i∗ ∈ N and θ∗
i∗ ∈ �i∗ such that fα

i∗,θ∗
i∗

/∈ C
θ∗
i∗

i∗ (Si∗(f, α−i∗)). But this implies fα
i∗,θ∗

i∗
=

h∗
i∗,θ∗

i∗
/∈ C

θ∗
i∗

i∗ (Oμ
i∗(σ

∗−i∗)). This contradicts σ ∗ being a BIE of μ. Therefore, h∗ = g◦σ ∗ = f ◦α ∈
F , which implies that condition (ii) of implementability in BIE holds as well. �

We wish to emphasize that the choice incompatibility condition allows us to construct a canon-
ical mechanism under which BIE emerges only under Rule 1. Moreover, thanks to this condition, 
we do not need finite state spaces or the existence of special (state-contingent) alternatives such 
as the 0 alternative in Corollary 2 of Jackson (1991).

On the other hand, we can weaken choice incompatibility due to the following observation: 
This condition specified for h, θ̄ , (Ãi )i∈N , and the odd-man-out j̄ does not require the entan-
glement of h with any alternative x ∈ X at θ̄ to induce an IAA act individual i �= j̄ of type θ̄i

faces to be in Ãi .14 Nevertheless, such entanglements may be achievable via unilateral deviations 
under Rule 2 and Rule 3 of our canonical mechanism. To clarify, let us consider the following 
example15:

Let X = {1, 2}, N = {1, 2, 3}, �i = {θi, θ ′
i } for all i ∈ N , and SCF h be as follows:

(θ1, θ2, θ3) (θ ′
1, θ2, θ3) (θ1, θ

′
2, θ3) (θ1, θ2, θ

′
3) (θ ′

1, θ
′
2, θ3) (θ ′

1, θ2, θ
′
3) (θ1, θ

′
2, θ

′
3) (θ ′

1, θ
′
2, θ

′
3)

h(θ) x y y y x x x y

SCF h induces the following IAA acts for each player i:

(θj , θk) (θ ′
j , θk) (θj , θ

′
k) (θ ′

j , θ
′
k)

hi,θi
(θ−i ) x y y x

hi,θ ′
i
(θ−i ) y x x y

Consider the profile of sets of IAA acts (Ãi )i∈N with Ãi := {〈xyyx〉, 〈yxxy〉} for each i ∈
N where hi,θi

and hi,θ ′
i

are denoted by 〈xyyx〉 and 〈yxxy〉, respectively. For SCF h and any 

θ̄ ∈ �, the profile of sets of IAA acts (Ãi)i∈N with any odd-man-out j̄ satisfy (i) and (ii) of the 

hypothesis of choice incompatibility. Thus, there is i∗ �= j̄ such that hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Ãi∗) whenever 

the choice incompatibility condition holds.
In general, the choice incompatibility condition guarantees that Rule 2 or Rule 3 cannot arise 

at any state under any BIE of our canonical mechanism specified in Table 1. The key observation 
is that the profile of opportunity sets of IAA acts in this mechanism satisfies both (i) and (ii) of 
the hypothesis of the choice incompatibility condition whenever Rule 2 or Rule 3 holds. However, 
the sets in the profile (Ãi )i∈N in the above example are not guaranteed to arise as opportunity sets 

13 We note that ∪
θ̃i∈�i

{fα
i,θ̃i

} ⊂ ∪ai∈Si (f,αid−i
)
{ai ◦ α−i } as f

i,θ̃i
∈ Si (f, αid−i

) for all θ̃i thanks to (i) of interim consis-

tency.
14 An entanglement of SCF h with alternative y is an SCF that coincides with h at some states while it equals y at the 
other states.
15 We thank an anonymous referee for pointing out this example.
11
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in our canonical mechanism under Rule 2 or Rule 3. To see why, let θ̄ = (θ1, θ2, θ3), j̄ = 3, sup-
pose that Rule 2 holds at θ̄ under σ , and Individual 1 of type θ1 deviates to m1 = (∅, ., ., y, k∗). 
Then, Rule 3 applies at θ̄ . Additionally, if Rule 3 applies at (θ1, θ̃−1) for all θ̃−1 ∈ �−1 and k∗
makes her the winner of the modulo game in all such states, given m1, σ2, and σ3, then as a result 
of this deviation, Individual 1 of type θ1 faces the IAA act 〈yyyy〉 which is not in Ã1.

The basis of the weaker choice incompatibility condition we provide below involves the ob-
servation that unilateral deviations in the canonical mechanism under Rule 2 or Rule 3 induce 
IAA acts achievable via the entanglements exemplified above. To formalize such entanglements, 
we need the following: For any pair of IAA acts ai, ̃ai ∈ Ai , we define the splicing of ai with ãi

along a set �′ ⊂ � as follows:

[ai/�′ ãi](θ−i ) =
{

ai (θ−i ) if θ−i ∈ �′−i ,

ãi (θ−i ) otherwise.

Recall that for any x ∈ X and any individual i ∈ N , ax
i ∈ Ac

i is i’s constant IAA act resulting in 
x, i.e., ax

i (θ−i ) = x for all θ−i ∈ �−i .

Definition 6. The weak choice incompatibility condition holds in environment E whenever the 
following holds: If for any SCF h ∈ H and any θ̄ ∈ �, a profile of sets of IAA acts (Ãi)i∈N is 
such that

(i) for all i ∈ N , hi,θ̄i
∈ Ãi , and

(ii) there is j̄ ∈ N such that for all i ∈ N \{j̄}, for any x ∈ X, [ax
i /�′hi,θ̄i

] ∈ Ãi for some �′ ⊂ �

with θ̄ ∈ �′,

then there is i∗ ∈ N \ {j̄} such that hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Ãi∗).

We note that (ii) of the hypothesis of weak choice incompatibility implies (ii) of the hypoth-
esis of choice incompatibility. That is, for any SCF h and state θ̄ , if the profile of sets of IAA 
acts (Ãi )i∈N satisfies (ii) of weak choice incompatibility, then Ãi(θ̄−i ) = X for all i �= j̄ . Thus, 
choice incompatibility implies weak choice incompatibility.

We would like to also highlight that the weak choice incompatibility condition implies the 
following: If for any SCF h ∈ H and any θ̄ ∈ �, a profile of sets of IAA acts (Ãi )i∈N is such that 
for all i ∈ N , hi,θ̄i

∈ Ãi , and for any x ∈ X, [ax
i /�′hi,θ̄i

] ∈ Ãi for some �′ ⊂ � with θ̄ ∈ �′, then 

there is i∗ such that hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Ãi∗).16

In what follows, we strengthen our sufficiency result in environments with finite state spaces
and null alternatives by employing the weak choice incompatibility condition.

Definition 7. An alternative z ∈ X is a null alternative of individual i ∈ N if for all θi ∈ �i , 
Cθi

i (Ãi ) = Cθi

i (Ãi ∪ {az
i }) for any non-empty Ãi ⊂ Ai .

16 To see why, let h ∈ H , θ̄ ∈ �, and consider a profile of sets of IAA acts (Ãi )i∈N such that for all i ∈ N , hi,θ̄i
∈ Ãi , 

and for any x ∈ X, [ax
i
/�′ hi,θ̄i

] ∈ Ãi for some �′ ⊂ � with θ̄ ∈ �′ . Then, h, θ̄ , and (Ãi )i∈N satisfies (ii) of weak 

choice incompatibility by letting j̄ = 1 and hence there is i∗ �= 1 such that h ∗ ¯ /∈ C
θ̄i∗∗ (Ãi∗ ).
i ,θi∗ i

12
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Table 2
The outcome function of the mechanism for Theorem 3.

Rule 1 : g(m) = f (θ) if mi = (f, θi ,∅,∅, ·) for all i ∈ N,

Rule 1′ : g(m) = f (θ)
if mi = (f, θi ,∅,∅, ·) for all i ∈ N \ {j}

and mj = (∅, θj ,∅, h, ·),

Rule 2 : g(m) =
{

aj (θ−j ) if aj ∈ Sj (f,αid−j
),

fj,θj (θ−j ) otherwise.

if mi = (f, θi ,∅,∅, ·) for all i ∈ N \ {j}
and mj = (m1

j
, θj ,aj , ·, ·),

Rule 2′ : g(m) = zj
if mi = (f, θi ,∅,∅, ·) for all i ∈ N \ {j}
and mj = (m1

j
, ·,∅,∅, ·) with m1

j
�= f,

Rule 3 : g(m) = h(j∗)(θ) where θ = (θ
(i)
i

)i∈N otherwise.

Intuitively, z is a null alternative of player i if az
i , the constant IAA act that results in z, does 

not affect the choices of any type of individual i whenever az
i is added to the set of IAA acts 

under consideration. We refer to az
i as a null IAA act of individual i.

We are now ready to present our second sufficiency result:

Theorem 3. Suppose that environment E is such that |�| < ∞, n ≥ 3, the weak choice incom-
patibility condition holds, and for each individual, there is a null alternative. Then, if there exists 
a profile of sets of IAA acts interim consistent with SCS F ∈ F , then F is implementable in BIE.

The mechanism we construct for the proof of Theorem 3 is as follows: For each individual 
i ∈ N , Mi = (F ∪ {∅}) × �i × (Ai ∪ {∅}) × (H ∪ {∅}) × N , and a generic message is denoted 
by mi = (m1

i , θ
(i)
i , a(i)

i , m4
i , k

(i)), and g : M → X is as specified in Table 2 for a given profile of 
null alternatives (zi)i∈N with j∗ := min{i ∈ N | k(i) ≥ k(j) for all j ∈ N}.

In words, each individual i is required to send a message that consists of five components. The 
first component specifies either an SCF f (i) ∈ F or a flag, the second a type of herself θ(i)

i ∈ �i , 

the third either an IAA act a(i)
i ∈ Ai or a flag, the fourth either an SCF h(i) ∈ H or a flag, and 

the fifth an integer k(i) ∈ N = {1, 2, . . .}. The flags are denoted by ∅. Rule 1 demands that if all 
individuals agree upon the same SCF and raise flags as their third and fourth components, then 
the outcome is determined according to the agreed upon SCF and the reported type profile in their 
messages. Rule 1′ indicates that if n − 1 individuals agree upon the same SCF and raise flags as 
their third and fourth components while the odd-man-out proposes a flag as her first and third 
components but not as her fourth component, then the outcome is again determined according to 
the SCF agreed upon by n − 1 individuals and the reported type profile in the messages. Rule 2 
decrees that if there is an agreement between all the individuals but one regarding SCF f ∈ F

and these n − 1 individuals raise flags as their third and fourth components and the odd-man-out 
j proposes an IAA act as her third component, this IAA act determines the outcome according 
to the reported types of the individuals other than j whenever that IAA act is in Sj (f, αid−j ), 
otherwise the outcome is determined according to the IAA act induced by SCF f for individual 
j of her reported type θj , which is also in Sj (f, αid−j ) due to (i) of interim consistency. Rule 
2′ applies when the SCF proposed by the odd-man-out j in Rule 2 is different than the others, 
and she proposes flags as her third and fourth components. Then, the outcome is the odd-man-
out’s null alternative zj . Finally, Rule 3 applies when other rules fail; the outcome is determined 
according to the SCF proposed by the winner of the integer game (the individual who has the 
13
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minimum index among those who propose the highest integer) and the reported types in the 
messages.

Proof of Theorem 3. Suppose |�| < ∞, n ≥ 3, the choice incompatibility condition holds, 
and (zi)i∈N is a profile of null alternatives. Let F be an SCS for which the profile S :=
(Si (f,α−i ))i∈N, f ∈F, α−i∈�−i

is interim consistent. We use the mechanism on page 13.

First, we show that for any f ∈ F , there is σf a BIE of μ = (M, g) such that f = g ◦σf . That 
is, condition (i) of implementability in BIE holds. Take any f ∈ F , let σf

i (θi) = (f, θi, ∅, ∅, 1)

for each i ∈ N . Then, at every θ ∈ �, Rule 1 applies and g(σf (θ)) = f (θ), i.e., f = g ◦ σf . For 
any unilateral deviation of individual i from σf , either Rule 1 or Rule 1′ or Rule 2 or Rule 2′
applies, while Rule 3 is not attainable. So, Oμ

i (σ
f
−i ) = Si (f, αid−i ) ∪{azi } for all i ∈ N . Recall that, 

by (i) of interim consistency, fi,θi
∈ Cθi

i (Si (f, αid−i )) for each i ∈ N and each θi ∈ �i . Because 

azi
is a null IAA act of individual i, fi,θi

∈ Cθi

i (Si (f, αid−i ) ∪ {azi }). Hence, for all i ∈ N and all 

θi ∈ �i , a∗
i,θi

∈ Cθi

i (Oμ
i (σ

f
−i )) where a∗

i,θi
(θ−i ) = g(σ

f
i (θi), σ

f
−i (θ−i )) for all θ−i ∈ �−i . Thus, 

σf is a BIE of μ such that f = g ◦ σf .
Consider next any BIE σ ∗ of μ denoted as σ ∗

i (θi) = (m1
i (θi), αi(θi), m3

i (θi), m4
i (θi), ki(θi))

for each i ∈ N . That is, m1
i (θi) denotes the first component, i.e., either a proposed SCF or a 

flag, αi(θi) the reported type, m3
i (θi) denotes the third component, i.e., either a proposed act or a 

flag, m4
i (θi) the fourth component, i.e., either a proposed SCF or a flag, and ki(θi) the proposed 

integer by i when her realized type is θi .
We now show that, under any BIE σ ∗ of μ, Rule 1 must apply at every state θ ∈ �. Let us 

denote the SCF that arises when individuals follow σ ∗ by h∗, i.e., h∗ := g ◦σ ∗. Hence, individual 
i of type θi faces IAA act h∗

i,θi
under σ ∗ and h∗

i,θi
∈ Cθi

i (Oμ
i (σ ∗−i )) for all i ∈ N as σ ∗ is a BIE of 

μ.
Suppose Rule 1′ or Rule 2 or Rule 2′ or Rule 3 holds at θ̄ under σ ∗. If Rules 1′, 2 or 

2′ holds, let us denote the odd-man-out by j̄ . If Rule 3 applies, let j̄ = 1. Let 	 �= j̄ and 
�̄ := {θ ∈ � | θ	 = θ̄	}. Let α−1∗ be a deception such that h∗ ◦α−1∗ (α(θ)) = h∗(θ) for all θ ∈ �.17

For any x ∈ X, consider the deviation by 	 to σ̃	 such that σ̃	(θ	) = σ ∗
	 (θ	) for all θ	 �= θ̄	 and 

σ̃	(θ̄	) = (m1
	(θ̄	), α	(θ̄	), h∗

	,θ̄	
◦ α−1

∗−	, [x/�̄h∗] ◦ α−1∗ , k∗) where k∗ = maxi �=	, θ̃i∈�i
ki(θ̃i) + 1, 

and [x/�̄h∗] is the entanglement of alternative x with SCF h∗ along �̄ that is defined by 
[x/�̄h∗](θ) = x for all θ ∈ �̄ and [x/�̄h∗](θ) = h∗(θ) otherwise. That is, individual 	 devi-
ates from σ ∗

	 only when her type is θ̄	 so that the first and the second component of her deviation 
is the same as that of σ ∗

	 , the third component is the IAA act that 	 faces under σ ∗ when her 
true type is θ̄	 and the others are reporting their types truthfully (as α−1∗ ◦ α = αid), the fourth 
component is the SCF obtained by composing the entanglement of alternative x with SCF h∗
along �̄ with α−1∗ , and the last component is an integer that is higher than all proposed integers 
of the other individuals at all states, which is well-defined as |�| < ∞.

Below, we analyze the effect of 	’s deviation to the outcome at (θ̄i, θ ′−	) for any θ ′−	 ∈ �−	. 
Note that the outcome at (θ̄	, θ ′−	) under σ ∗ is g(σ ∗

	 (θ̄	), σ ∗−	(θ
′−	)) = h∗(θ̄	, θ ′−	). Observe that, 

after 	’s deviation, either Rule 2 or Rule 3 applies under (σ̃	, σ ∗−	) at (θ̄	, θ ′−	). This is because 	

17 Even if α is not invertible, one can always identify such a function: Let α−1(θ) ⊂ � be the set of states that are 
mapped to θ under deception α. For any θ ∈ �, if α−1(θ) = ∅, then set α−1∗ (θ) = θ , else pick an arbitrary θ̄ ∈ α−1(θ)

and set α−1∗ (θ ′) = θ̄ whenever α(θ ′) = θ for some θ ′ ∈ �.
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does not raise any flag in σ̃	 when her type is θ̄	 and hence Rules 1, 1′, and 2′ cannot apply under 
(σ̃	, σ ∗−	) at (θ̄	, θ ′−	).

For Rule 2 to apply under (σ̃	, σ ∗−	) at (θ̄	, θ ′−	), 	 has to be the odd-man-out after the devi-
ation as she does not propose any flag in σ̃	 when her type is θ̄	. Then, independent of whether 
or not h∗

	,θ̄	
◦ α−1

∗−	 is in Si (f̄ , αid−	), by Rule 2, the outcome under (σ̃	, σ ∗−	) at (θ̄	, θ ′−	) is 

g(σ̃	(θ̄	), σ ∗−	(θ
′−	)) = h∗(θ̄	, θ ′−	) because h∗

	,θ̄	
(α−1

∗−	(α−	(θ
′−	))) = h∗(θ̄	, θ ′−	), which equals 

the outcome under σ ∗ at (θ̄	, θ ′−	). If Rule 3 applies under (σ̃	, σ ∗−	) at (θ̄	, θ ′−	), then 	 be-
comes the winner of the integer game under (σ̃	, σ ∗−	) at (θ̄	, θ ′−	) and the outcome equals x as 
[x/�̄h∗](α−1∗ (α	(θ̄	), α−	(θ

′−	))) = [x/�̄h∗](θ̄	, θ ′−	) = x since (θ̄	, θ ′−	) ∈ �̄.

Thus, as a result of 	′s deviation, the outcome at any state either stays the same or becomes 
x. That is, for all θ ∈ �, the outcome under (σ̃	, σ ∗−	) at θ equals either that under σ ∗ at θ or x. 
Therefore, for any x ∈ X, at least n − 1 individuals (each 	 ∈ N other than the odd-man-out j̄ if 
Rule 2 holds at θ̄ or all individuals if Rule 3 holds at θ̄ ) can deviate so that the following holds: 
the outcome stays the same in any state θ with θ	 �= θ̄	; for all states with θ	 = θ̄	, the outcome 
either stays the same or it changes to x.

Now, we employ weak choice incompatibility: Consider SCF h∗ = g ◦σ ∗ ∈ H , θ̄ ∈ �, and the 
profile (Ãi )i∈N defined by Ãi := Oμ

i (σ ∗−i ) for all i ∈ N . Then, trivially, h∗
i,θ̄i

∈ Ãi for all i ∈ N , 
and hence, (i) of hypothesis of weak choice incompatibility holds. For (ii) of the hypothesis 
of weak choice incompatibility, consider each individual 	 �= j̄ and let �′ be the set of states 
such that the outcome changes to x after 	 deviates unilaterally to σ̃	. Observe that θ̄ ∈ �′ and 
for any x ∈ X, [ax

	/�′h∗
	,θ̄	

] ∈ Ã	 for all 	 �= j̄ because, by definition, [ax
	/�′h∗

	,θ̄	
] is the IAA act 

individual 	 of type θ̄	 faces after deviating to σ̃	. Hence, by weak choice incompatibility, there is 

i∗ ∈ N with i∗ �= j̄ such that h∗
i∗,θ̄i∗

/∈ Cθ̄i∗
i∗ (Ãi∗), which means h∗

i∗,θ̄i∗
/∈ Cθ̄i∗

i∗ (Oμ
i∗(σ

∗−i∗)), which 

contradicts σ ∗ being a BIE of μ as h∗ = g ◦ σ ∗.

This establishes that Rule 1 applies at every θ ∈ � under any BIE of μ.

Due to the product structure of the state space, under any BIE σ ∗ of μ, there is a unique f ∈ F

such that m1
i (θi) = f for all i ∈ N and all θi ∈ �i . Otherwise, if there were i, j with i �= j , who 

propose f, f ′ ∈ F with f �= f ′ for their types θi and θj under σ ∗, respectively, then Rule 1 
cannot apply at (θi, θj , θ−{i,j}), a contradiction.

Finally, we show that f ◦α ∈ F : Since Rule 1 applies at each θ ∈ �, and each i ∈ N reports the 
type αi(θi) ∈ �i as the second entry of their messages at θ ∈ � under σ ∗, g ◦ σ ∗ = h∗ = f ◦ α. 
As S is closed under deception, at each θ ∈ �, Oμ

i (σ ∗−i ) = ∪ai∈Si (f,αid−i )
{ai ◦ α−i} ∪ {azi } =

Si (f, αid−i ◦ α−i ) ∪ {azi } = Si (f, α−i ) ∪ {azi } for all i ∈ N . If f ◦ α /∈ F , then by (ii) of interim 

consistency, there is i∗ ∈ N and θ∗
i∗ ∈ �i∗ such that fα

i∗,θ∗
i∗

/∈ C
θ∗
i∗

i∗ (Si∗(f, α−i∗)). Since (zi)i∈N

is a profile of null alternatives, azi∗
is a null IAA act of individual i∗ and this implies fα

i∗,θ∗
i∗

/∈
C

θ∗
i∗

i∗ (Si∗(f, α−i∗) ∪{azi∗ }). Then, fα
i∗,θ∗

i∗
= h∗

i∗,θ∗
i∗

/∈ C
θ∗
i∗

i∗ (Oμ
i∗(σ

∗−i∗)), which contradicts σ ∗ being 

a BIE of μ. Thus, g ◦ σ ∗ = f ◦ α ∈ F , which implies that condition (ii) of implementability in 
BIE also holds. �
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Now, we discuss the relation between the weak choice incompatibility condition and the 
economic environment assumption introduced by Jackson (1991).18 To formalize Jackson’s eco-
nomic environment condition, we need to consider rational choices: For all i ∈ N and all θi ∈ �i , 
let Rθi

i defined over the set of all IAA acts Ai be a complete and transitive preference relation 
such that for any non-empty S ⊂ Ai , ai ∈ Cθi

i (S) if and only if aiR
θi

i a′
i for all a′

i ∈ S. Let Pθi

i

denote the strict counterpart of Rθi

i .

Definition 8 (Jackson (1991)). A rational environment E is economic if for any SCF h ∈ H , and 

any θ̄ ∈ �, there are i∗, j∗ ∈ N with i∗ �= j∗ and x∗, y∗ ∈ X so that [ax∗
i∗ /�′hi∗,θ̄i∗ ] P

θ̄∗
i

i∗ hi∗,θ̄i∗

and [ay∗
j∗/�′hj∗,θ̄j∗ ] P

θ̄∗
j

j∗ hj∗,θ̄j∗ for all �′ ⊂ � with θ̄ ∈ �′.

We transform Jackson’s economic environment assumption to our behavioral setting:

Definition 9. Environment E is behaviorally economic if for any SCF h ∈ H , and any θ̄ ∈ �, 
there are i∗, j∗ ∈ N and x∗, y∗ ∈ X with i∗ �= j∗ such that

hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Ãi∗) whenever [ax∗

i∗ /�′hi∗,θ̄i∗ ] ∈ Ãi∗ for some �′ ⊂ � with θ̄ ∈ �′, and

hj∗,θ̄j∗ /∈ C
θ̄j∗
j∗ (Ãj∗) whenever [ay∗

j∗/�′hj∗,θ̄j∗ ] ∈ Ãj∗ for some �′ ⊂ � with θ̄ ∈ �′.

It is clear that under rationality, if an environment is economic, then it is behaviorally eco-
nomic. In what follows, we show that the latter implies weak choice incompatibility in both 
rational and behavioral domains.

Proposition 2. If environment E is behaviorally economic, then the weak choice incompatibility 
condition holds in E .

Proof. As in the hypothesis of the weak choice incompatibility condition, let h ∈ H , θ̄ ∈ �, 
and (Ãi )i∈N be a profile of sets of IAA acts such that (i) for all i ∈ N , hi,θ̄i

∈ Ãi , and 

(ii) there is j̄ ∈ N such that for all i ∈ N \ {j̄}, for any x ∈ X, [ax
i /�′hi,θ̄i

] ∈ Ãi for some 
�′ ⊂ � with θ̄ ∈ �′. E being behaviorally economic implies that there are i∗, j∗ ∈ N with 

i∗ �= j∗ and x∗, y∗ ∈ X be such that hi∗,θ̄i∗ /∈ Cθ̄i∗
i∗ (Âi∗) whenever [ax∗

i∗ /�′hi∗,θ̄i∗ ] ∈ Âi∗ and 

hj∗,θ̄j∗ /∈ C
θ̄j∗
j∗ (Âj∗) whenever [ay∗

j∗/�′hj∗,θ̄j∗ ] ∈ Âj∗ . Thus, either i∗ �= j̄ or j∗ �= j̄ . If i∗ �= j̄ , 

then [ax∗
i∗ /�′hi∗,θ̄i∗ ] ∈ Ãi∗ and hence hi∗,θ̄i∗ /∈ Cθ̄i∗

i∗ (Ãi∗) because E is behaviorally economic. If 

j∗ �= j̄ , then [ay∗
j∗/�′hj∗,θ̄j∗ ] ∈ Ãj∗ and so hj∗,θ̄j∗ /∈ C

θ̄j∗
j∗ (Ãj∗) as E is behaviorally economic. In 

either case, weak choice incompatibility holds in E . �
Finally, we compare our second sufficiency result with Theorem 1 of Jackson (1991): These 

results share the assumption of finite state spaces. However, Jackson’s does not need a null al-
ternative: In the rational domain, Jackson eliminates the undesirable equilibria by making use 

18 For other versions, see Bergemann and Morris (2008) and Barlo and Dalkıran (2022b, 2023).
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of rationality on top of Bayesian monotonicity and the economic environment assumption. On 
the other hand, in ours, we employ null alternatives on top of interim consistency and the weak 
choice incompatibility condition to get rid of undesirable equilibria.

5. Behavioral interim efficiency

“[T]he proper object for welfare analysis with incomplete information is the [SCF], rather 
than the actual decision or allocation ultimately chosen. Furthermore, any efficiency criterion for 
evaluating [SCFs] must be defined independently of [individuals’ private information]” (Holm-
ström and Myerson, 1983). In what follows, we introduce the behavioral counterpart of interim 
incentive Pareto efficiency of Holmström and Myerson (1983). Our construction is in line with 
de Clippel (2014), introducing the following efficiency notion in behavioral domains of complete 
information: An alternative x is efficient at state θ if each individual has an implicit opportunity 
set from which she chooses x at θ , and each alternative is in at least one of these implicit oppor-
tunity sets.

Extending the behavioral efficiency notion of de Clippel (2014) to incomplete information 
environments, we define the notion of behavioral interim efficiency as follows:

Definition 10. An SCF f : � → X is behaviorally interim efficient if there is a profile of sets 
of IAA acts (Yi,θi

)i∈N, θi∈�i
such that

(i) for all i ∈ N and all θi ∈ �i , fi,θi
∈ Cθi

i (Yi,θi
), and

(ii) for all h ∈ H , there is i ∈ N and θi ∈ �i with hi,θi
∈ Yi,θi

.

We refer to the set of all behaviorally efficient SCFs as the behavioral interim efficient SCS
and denote it as IE ∈ F .

In words, an SCF f is behaviorally interim efficient if there is a profile of implicit opportunity 
sets of IAA acts, one for each type of each individual, such that type θi of individual i chooses 
the IAA act induced by f from her implicit opportunity set and all possible SCFs are accounted 
for (meaning that for any SCF, there are an individual and her type such that the corresponding 
IAA act induced by this SCF belongs to the associated implicit opportunity set).

Behavioral interim efficiency is an extension of interim Pareto efficiency to behavioral do-
mains. In the rational domain, an SCF is interim Pareto efficient if there is no other SCF that 
makes every type of every individual strictly better off.19 In particular, individuals’ choices are 
rational when for all i ∈ N and all θi ∈ �i , there is a complete and transitive preference relation 
Ri,θi

⊂ Ai × Ai such that for any non-empty S ⊂ Ai , ai ∈ Cθi

i (S) if and only if aiRi,θi
a′
i for all 

a′
i ∈ S. Then, an SCF f is interim Pareto efficient (in the rational domain) if there is no h ∈ H

such that hi,θi
Pi,θi

fi,θi
for all i ∈ N and all θi ∈ �i .

Behavioral interim efficiency coincides with interim Pareto efficiency under rationality: To 
see that interim Pareto efficiency implies behavioral interim efficiency, let f be interim Pareto 
efficient and set Yi,θi

= LCSi,θi
(fi,θi

) := {hi,θi
∈ Ai | fi,θi

Ri,θi
hi,θi

} for all i ∈ N and all θi ∈
�i . Then, for all i ∈ N and all θi ∈ �i , fi,θi

∈ Cθi

i (Yi,θi
), delivering (i) of behavioral interim 

efficiency of f . For (ii) of behavioral interim efficiency of f , notice that if there were some 

19 This notion is the weak version of interim Pareto efficiency in Holmström and Myerson (1983).
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h ∈ H such that for all i ∈ N and all θi ∈ �i , hi,θi
/∈ Yi,θi

, then, by construction, hi,θi
Pi,θi

fi,θi

for all i ∈ N and all θi ∈ �i ; this leads to a contradiction of f being interim Pareto efficient. 
For the converse, let f be behaviorally interim efficient but not interim Pareto efficient, i.e., 
there is h ∈ H such that hi,θi

Pi,θi
fi,θi

for all i ∈ N and all θi ∈ �i . Then, by (ii) of behavioral 
interim efficiency of f , hj,θj

∈ Yj,θj
for some j ∈ N and θj ∈ �j . But this implies that fj,θj

/∈
C

θj

j (Yj,θj
), a contradiction to (i) of behavioral interim efficiency of f .

Whether or not the behaviorally interim efficient SCS is non-empty is a relevant question. 
Below, we show that the answer is affirmative if individuals’ choices are non-empty valued. This 
is because any SCF inducing an IAA act that is chosen by a type of an individual from the set of 
all IAA acts of that individual is behaviorally interim efficient:

Proposition 3. Suppose individuals’ choices over IAA acts are non-empty valued. Then, the be-
havioral interim efficient SCS, IE, is non-empty.

Proof. Suppose individuals’ choices over IAA acts are non-empty valued. Let us fix individual 

j of type θ̄j and an alternative x̄ ∈ X. Consider an IAA act aj ∈ Aj such that aj ∈ C
θ̄j

j (Aj ). 

Let SCF f be defined as follows: for all θ ∈ �, f (θ) = aj (θ−j ) if θj = θ̄j and f (θ) = x̄ if 
θj �= θ̄j . Then, the IAA act induced by f for type θ̄j of individual j , fj,θ̄j

= aj . Let the implicit 
opportunity set profile (Yi,θi

)i∈N,θi∈�i
be such that Yi,θi

= {fi,θi
} for all i �= j , and Yj,θj

equals 
Aj if θj = θ̄j and {fj,θj

} otherwise. Then, (i) of behavioral interim efficiency holds as fj,θ̄j
∈

C
θ̄j

j (Aj ) and all other implicit opportunity sets are singletons. Furthermore, for all h ∈ H , we 
have hj,θ̄j

∈ Yj,θ̄j
= Aj , implying (ii) of behavioral interim efficiency. Therefore, f ∈ IE. �

The notion of behavioral interim efficiency above depends on the private information of the 
individuals. Holmström and Myerson (1983) argues that any efficiency criterion for evaluating 
SCFs under incomplete information must be defined independently of individuals’ private in-
formation. By restricting feasibility based on incentive compatibility, they come up with the 
following notion of interim incentive Pareto efficiency in the rational domain: An incentive com-
patible SCF is interim incentive efficient if no “individual would surely prefer another [incentive 
compatible SCF] over [the given SCF] when he knows his own type, whatever his type might 
be” (Holmström and Myerson, 1983).

In our behavioral setting, the relevant restriction takes the form of quasi-incentive compatibil-
ity. Let us denote the set of all quasi-incentive compatible SCFs by H ∗ ⊂ H . Consequently, we 
define behavioral interim incentive efficiency as follows:

Definition 11. An SCF f : � → X is behaviorally interim incentive efficient if there is a 
profile of sets of IAA acts (Yi)i∈N such that

(i) for all i ∈ N and all θi ∈ �i , fi,θi
∈ Cθi

i (Yi ), and
(ii) for all h ∈ H ∗, there is i ∈ N and θi ∈ �i with hi,θi

∈ Yi .

We refer to the set of all behaviorally incentive efficient SCFs as the behavioral interim incen-
tive efficient SCS and denote it as IIE ∈ F .
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This welfare criterion internalizes quasi-incentive compatibility into behavioral interim effi-
ciency: An SCF is behaviorally 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 the SCF with the additional property that for every possible quasi-incentive compat-
ible SCF, there is an individual and her type for which the IAA act associated with this SCF is in 
her implicit opportunity set. The key difference between behavioral interim incentive efficiency 
and behavioral interim efficiency is that the implicit opportunity sets in the former do not depend 
on individuals’ private information.

Behavioral interim incentive efficiency extends interim incentive Pareto efficiency to be-
havioral domains as quasi-incentive compatibility boils down to incentive compatibility under 
rationality. However, quasi-incentive compatibility embedded in the definition of behavioral in-
terim incentive efficiency brings about a more stringent requirement for the existence of the IIE

SCS. Below, we provide a sufficient condition for its existence.

Proposition 4. Suppose individuals’ choices over IAA acts are non-empty valued, and there exist 
j ∈ N and h∗ ∈ H ∗ with h∗

j,θj
∈ C

θj

j (Ãj ) for all θj ∈ �j for some Ãj ⊂ Aj with A∗
j := {hj,θj

∈
Aj | h ∈ H ∗ and θj ∈ �j } ⊂ Ãj . Then, the IIE SCS is non-empty.

Proof. Suppose the hypothesis holds. Let the profile of sets of IAA acts associated with SCF 
h∗ be (Ti )i∈N as in Definition 4 so that h∗

i,θi
∈ Cθi

i (Ti ) for all i ∈ N and all θi ∈ �i . Recall that 

{h∗
i,θ̃i

| θ̃i ∈ �i} ⊂ Ti for all i ∈ N . Let the implicit opportunity set profile (Yi)i∈N be such that 

Yj = Ãj and Yi = Ti for all i �= j . Then, (i) of behavioral interim incentive efficiency holds. 
Also, for all h ∈ H ∗ and for all θj ∈ �j , hj,θj

∈ A∗
j ⊂ Ãj = Yj , implying (ii) of behavioral 

interim incentive efficiency. Thus, f ∈ IIE. �
On the other hand, when analyzing the implementability of behavioral efficiency, we note that 

there is no hope for BIE implementability of the IE SCS without its quasi-incentive compatibil-
ity thanks to Theorem 1 and Proposition 1. Meanwhile, we observe that the implicit opportunity 
sets in the definition of the IIE SCS are not necessarily aligned with a profile of IAA acts 
closed under deception. This leads to the failure of implementability of the IIE SCS in BIE, as 
we display below:

Example. Let N = {1, 2, 3}, X = {x, y}, �1 = {t1
1 , t2

1 }, �2 = {t1
2 , t2

2 }, and �3 = {t3}. Then, the 
set of all possible SCFs is given by H = {〈abcd〉 | a, b, c, d ∈ {x, y}} where 〈abcd〉 denotes 
the SCF h such that h(t1

1 , t1
2 , t3) = a, h(t2

1 , t1
2 , t3) = b, h(t1

1 , t2
2 , t3) = c, and h(t2

1 , t2
2 , t3) = d . 

Because there are two types of individuals 1 and 2, the set of all IAA acts of individual 3 is given 
by A3 = H . Since there is only one type of individual 3, the set of all IAA acts each type of 
individual 1 and 2 faces is A1 = A2 = {〈xx〉, 〈xy〉, 〈yx〉, 〈yy〉} where ai = 〈ab〉 represents the 
IAA act such that ai(t

1
j , t3) = a and ai (t

2
j , t3) = b where a, b ∈ {x, y}, i, j ∈ {1, 2}, and i �= j .

In what follows, we require that the choices are non-empty valued and satisfy the following: 
The choices of each type of individuals 1 and 2 over sets of IAA acts are as in Table 3; individual 
3’s choices over the IAA acts are such that Ct3

3 ({〈xxxx〉, 〈yyyy〉}) = {〈yyyy〉} and for any set of 
IAA acts S ⊂ A3 with 〈xyyx〉, 〈yyyy〉 ∈ S, 〈yyyy〉 /∈ Ct3(S).
3
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Table 3
The choices of each type of individuals 1 and 2.

C
t1
1

1 C
t2
1

1 C
t1
2

2 C
t2
2

2
{〈xx〉, 〈xy〉, 〈yx〉, 〈yy〉} {〈xy〉} {〈yx〉} {〈xy〉} {〈yx〉}
{〈xx〉, 〈xy〉, 〈yy〉} {〈xy〉} {〈·〉} {〈xy〉} {〈·〉}
{〈xx〉, 〈yx〉, 〈yy〉} {〈·〉} {〈yx〉} {〈·〉} {〈yx〉}
{〈xy〉, 〈yx〉, 〈yy〉} {〈xy〉} {〈yx〉} {〈xy〉} {〈yx〉}
{〈xx〉, 〈yy〉} {〈yy〉} {〈yy〉} {〈yy〉} {〈yy〉}
{〈xy〉, 〈yy〉} {〈xy〉} {〈·〉} {〈xy〉} {〈·〉}
{〈yx〉, 〈yy〉} {〈·〉} {〈yx〉} {〈·〉} {〈yx〉}

Given the choices described above, SCF f = 〈xyyx〉 is a behaviorally interim incentive effi-
cient SCF. Letting Y1 = Y2 = {〈xx〉, 〈xy〉, 〈yx〉, 〈yy〉} and Y3 = {〈xyyx〉}, we observe that (i)
and (ii) of behavioral interim incentive efficiency hold for f = 〈xyyx〉.20

Consider deception profile α̃ ∈ � such that α̃1(t
1
1 ) = α̃1(t

2
1 ) = t1

1 and α̃2(t
1
2 ) = α̃1(t

2
2 ) =

t2
2 . Then, f ◦ α̃ = 〈yyyy〉. Hence, fα̃

i,t
j
i

= 〈yy〉 for both i, j = 1, 2 and fα̃3,t3
= 〈yyyy〉. Any 

mechanism that implements the IIE SCS must possess a BIE that corresponds to SCF f =
〈xyyx〉. Therefore, it follows from our necessity result (Theorem 1) that for deception α̃, we 
have Si (f, α̃−i ) = {〈xx〉, 〈yy〉} for both i = 1, 2 and either S3(f, α̃−3) = {〈xxxx〉, 〈yyyy〉} or 
S3(f, α̃−3) = {〈yyyy〉}.21

Furthermore, it follows from (i) and (ii) of behavioral interim incentive efficiency that for 
〈yyyy〉 to be a behaviorally interim incentive efficient SCF, the IAA act it induces must be chosen 
by a type of an individual from a set of IAA acts including the IAA act induced by 〈xyyx〉 for 
the same type of the same individual. However, this is not the case because when 〈xy〉 and 〈yy〉
are in the same set of IAA acts type t1

i of individual i = 1, 2 does not choose 〈yy〉 from this 
set; when 〈yx〉 and 〈yy〉 are in the same set of IAA acts type t2

i of individual i = 1, 2 does not 
choose 〈yy〉 from this set; and for any set of IAA acts S ⊂ A3 with 〈xyyx〉, 〈yyyy〉 ∈ S, we have 
〈yyyy〉 /∈ Ct3

3 (S). Therefore, 〈yyyy〉 is not behaviorally interim incentive efficient.

Finally, from the choices described above, we observe that C
t
j
i

i ({〈xx〉, 〈yy〉}) = {〈yy〉} for all 
i, j = 1, 2 and Ct3

3 ({〈xxxx〉, 〈yyyy〉}) = {〈yyyy〉}. But, this means for deception profile α̃, we 
have f ◦ α̃ /∈ IIE and for all i ∈ N and θi ∈ �i , fα̃i,θi

∈ Cθi

i (Si (f, α̃−i )), which implies (ii) of 
interim consistency cannot hold. Thus, IIE SCS does not have an interim consistent profile; 
hence IIE SCS cannot be implemented in BIE in this example.22

20 We note that hi,θi
∈ Yi = {〈xx〉, 〈xy〉, 〈yx〉, 〈yy〉} for any h ∈ H for both i = 1, 2. Indeed, letting Y1,t1

1
= Y1,t2

1
=

Y2,t1
2

= Y2,t2
2

= {〈xx〉, 〈xy〉, 〈yx〉, 〈yy〉} and Y3,t3 = {〈xyyx〉}, we also observe that f = 〈xyyx〉 is behaviorally interim 
efficient.
21 For SCF f = 〈xyyx〉 to arise as a BIE outcome in any mechanism, the corresponding opportunity set of individuals 
1 and 2 must include the IAA acts 〈xy〉 and 〈yx〉. Therefore, it must be that 〈xy〉, 〈yx〉 ∈ Si (f, αid−i

) for any interim 
consistent profile of the IIE SCS. As 〈xy〉α̃ = 〈xx〉 and 〈yx〉α̃ = 〈yy〉. It follows from any interim consistent profile 
being closed under deception that Si (f, ̃α−i ) = {〈xx〉, 〈yy〉} for both i = 1, 2. Similarly, we have 〈xyyx〉 ∈ S3(f, αid−3)

for any interim consistent profile of the IIE SCS. This implies that 〈xyyx〉α̃ = 〈yyyy〉 ∈ S3(f, ̃α−3). As individuals 1 
and 2 always report the same types under deception α̃, S3(f, ̃α−3) cannot include any other IAA act apart from 〈xxxx〉
and 〈yyyy〉.
22 We wish to emphasize that the failure of the IIE SCS in this example is not due to the failure of the (weak) choice 
incompatibility condition but rather due to a garbling appearing as a bad BIE in any mechanism that has the potential 
20



M. Barlo and N.A. Dalkıran Journal of Economic Theory 213 (2023) 105738
The failure of BIE implementability of the IIE SCS is due to the existence of a garbling ap-
pearing as a bad equilibrium in any mechanism that has the potential to implement the IIE SCS 
in BIE. Indeed, the key is that the implicit opportunity sets in the definition of behavioral interim 
incentive efficiency do not necessarily provide us with a profile of IAA acts closed under decep-
tion. This leads us to Proposition 5, which we present after providing the following necessary 
formalities: For any SCF f ∈ IIE, let us denote the profile of associated implicit opportunity 
sets of IAA acts (as in Definition 11) by (Yf

i )i∈N . For any f ∈ IIE, any deception profile α, 

and any individual i, we refer to the set of IAA acts obtained by garbling those in Yf
i as Yf ◦α

i .

Proposition 5. Suppose that environment E is such that n ≥ 3, the choice incompatibility con-
dition holds, and the IIE SCS is non-empty. Then, the IIE SCS is implementable in BIE if 
f ∈ IIE and f ◦ α /∈ IIE implies that there are i ∈ N and θi ∈ �i such that fαi,θi

/∈ Cθi

i (Yf ◦α
i ).

Proof. Let f ∈ IIE, α ∈ �, and define S := (Si (f,α−i ))i∈N, f ∈F, α−i∈�−i
by Si (f, α−i ) :=

Yf ◦α
i for all i ∈ N . S is closed under deception because ai ∈ Si (f, α−i ) = Yf ◦α

i implies that for 

any α̃ ∈ �, aα̃
i ∈ Yf ◦α◦α̃

i = Si (f, α−i ◦ α̃−i ) since α ◦ α̃ ∈ �. Further, as Si (f, αid−i ) = Yf
i for all 

i ∈ N , (i) of behavioral interim incentive efficiency implies (i) of interim consistency. Finally, 
(ii) of interim consistency follows directly from the hypothesis of the proposition as Yf ◦α

i =
Si (f, α−i ). Hence, S is interim consistent with the IIE SCS. The result follows immediately 
from Theorem 2. �

Proposition 5 delivers BIE implementability of the IIE SCS by embedding the standard 
monotonicity condition into the profile of implicit opportunity sets (sustaining behavioral interim 
incentive efficiency) by requiring this profile to be closed under deception. This parallels con-
sidering incentive compatibility in conjunction with interim efficiency in rational domains when 
analyzing its implementability under incomplete information.23 In our analysis, closedness un-
der deception emerges as a necessary condition for BIE implementation; hence, it is natural to 
incorporate this condition into behavioral interim incentive efficiency to obtain implementabil-
ity in BIE. Finally, we note that, thanks to Theorem 3, we can replace choice incompatibility in 
Proposition 5 with weak choice incompatibility when the state space is finite and every individual 
has a null alternative.

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 for 
interim choices. Nonetheless, we attain full implementability in BIE of an SCS that constitutes 

to implement IIE SCS in BIE. Indeed, by adding more individuals and alternatives, one can extend this example to a 
choice structure (with a considerable tedious effort) where (weak) choice incompatibility holds while IIE SCS is not 
implementable in BIE.
23 To the best of our knowledge, there are only a couple of papers that study Bayesian implementability of interim incen-
tive Pareto efficiency, both with private values and independent types: Korpela and Lombardi (2020) presents a general 
property, called closure under interim utility equivalence, and shows that it is sufficient for Bayesian implementation of 
any interim incentive efficient SCF when there are two individuals. Meanwhile, Pram (2020) shows that interim incen-
tive Pareto efficiency is fully Bayesian implementable when there are at least four individuals, and a no-total-indifference 
condition holds.
21
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Table 4
State-contingent utilities of our example.

� (α,α) (α,β) (β,α) (β,β)

(u1(x | θ), u2(x | θ)) (0,1) (0, 1/2) (1/2,1) (1/2, 1/2)

(u1(y | θ), u2(y | θ)) (1,0) (1,1) (1,0) (1,1)

(u1(z | θ), u2(z | θ)) (2,0) (2,0) (0,0) (0,0)

Table 5
The mechanism fully implement-
ing SCS F in BIE.

Individual 2

Individual 1

L R

U x y

M y y

D x z

a selection from the behavioral interim incentive efficient SCS, IIE. Meanwhile, we also attain 
partial implementation of an SCF in BIE even though partial direct implementation of that same 
SCF in truthful BIE is not possible. In other words, the revelation principle fails, which echoes 
Saran’s findings about the failure of the revelation principle in behavioral domains.

Under minimax-regret preferences, each type of every individual chooses the IAA act that 
minimizes her maximum regret. The regret of choosing an IAA act at a state is given by the 
difference between the payoff obtained and the maximum possible payoff in that state. Then, the 
maximum regret of individual i of type θi as a result of an IAA act is the highest regret i suffers 
because of this IAA act across all states in which he is of type θi . Formally, for any two IAA acts 
ai and ãi in a given set of IAA acts Si ⊂ Ai , individual i of type θi weakly prefers ai to ãi in the 
minimax-regret setting if

max
θ−i∈�−i

[
max
a′
i∈Si

(
ui(a′

i (θ−i ) | (θi, θ−i )) − ui(ai (θ−i ) | (θi, θ−i ))

)]

≤ max
θ−i∈�−i

[
max
a′′
i ∈Si

(
ui(a′′

i (θ−i ) | (θi, θ−i )) − ui(ãi (θ−i ) | (θi, θ−i ))

)]
,

where for any x ∈ X and state θ = (θi, θ−i ), ui(x | θ) denotes i’s payoffs from x at θ .
We let N = {1, 2}, �1 = �2 = {α, β}, X = {x, y, z}, and the state-contingent utilities are as 

given in Table 4. An SCF h : � → X is denoted by h = 〈abcd〉 where h(α, α) = a, h(α, β) = b, 
h(β, α) = c, and h(β, β) = d with a, b, c, d ∈ {x, y, z}. Similarly, an IAA act that i faces, ai :
�−i → X is denoted by ai = 〈ab〉 where ai (α) = a and ai (β) = b with a, b ∈ {x, y, z}.

The SCS we consider in this example for full implementation is F = {〈xyyy〉, 〈yyyy〉}. 
We note that F ⊂ IIE, i.e., both of these SCFs are behaviorally interim incentive efficient. 
It is tedious but straightforward to show that the following profile of sets of IAA acts sus-
tains both SCFs in F in behavioral interim incentive efficiency as formalized in Definition 11: 
Y1 = {〈xx〉, 〈xy〉, 〈xz〉, 〈yy〉} and Y2 = {〈xy〉, 〈yx〉, 〈yy〉, 〈yz〉, 〈zx〉, 〈zy〉, 〈zz〉}.

The mechanism given in Table 5 implements SCS F in BIE.
The set of BIE equals {σ (1), . . . , σ (4)} where σ (1)

1 (α) = U , σ (1)
1 (β) = M , σ (1)

2 (α) = L, and 

σ
(1)

(β) = R inducing SCF 〈xyyy〉; σ (2)
(α) = M , σ (2)

(β) = M , σ (2)
(α) = L, and σ (2)

(β) =
2 1 1 2 2

22
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Table 6
The direct mechanism μd for 
Saran’s example augmented.

Individual 2

Individual 1
α β

α x y

β y y

L; σ (3)
1 (α) = M , σ (3)

1 (β) = M , σ (3)
2 (α) = L, and σ (3)

2 (β) = R; σ (4)
1 (α) = M , σ (4)

1 (β) = M , 

σ
(4)
2 (α) = R, and σ (4)

2 (β) = L with σ (2), σ (3), and σ (4) all inducing 〈yyyy〉.
The SCF 〈xyyy〉 is partially implementable in BIE by the mechanism defined in Table 5 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 6. This follows from type α of individual 1 choosing the IAA act 〈xy〉 from the 
set of IAA acts {〈xy〉, 〈xz〉, 〈yy〉}, but not from {〈xy〉, 〈yy〉}. Besides displaying the failure of the 
revelation principle, this observation also exhibits that the IIA, and hence WARP, does not hold 
in this example.

7. Concluding remarks

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

We provide necessary as well as sufficient conditions for the implementation of SCSs in BIE. 
These help us analyze the implementability of behavioral interim incentive Pareto efficiency in 
BIE.

An interesting direction for future research is to analyze whether practical and simple mech-
anisms are available for specific types of behavioral biases under incomplete information. We 
hope that our results pave the way for contributions in this direction.
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