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Abstract

We examine the surplus extraction problem in a novel mechanism
design setting with consideration sets. In our model consideration sets
are defined as the sets of types a particular type can imitate. We char-
acterize the sufficient conditions that guarantee full surplus extraction
in a finite version of the reduced form environment of McAfee and Reny
(1992). While the standard convex independence condition identified in
Crémer and McLean (1988) is still sufficient, it could be partially relaxed
in this context. We also discuss two simple environments in which the
characterization could be easily interpreted: a separable environment
and a environment with honest types.

1 Introduction

In mechanism design settings, private information leads agents to retain infor-
mational rents if information is independently distributed. However, we have
known since Myerson (1981) that under correlation it is possible to extract
all the informational rents from agents. Hence, in the presence of correlation,

*I thank Luca Rigotti and Richard Van Weelden for providing guidance in this project.
I also thank Nicolas Figueroa, Svetlana Kosterina, Alexey Kushnir, Benjamin Matta, Ty-
mofiy Mylovanov, participants of the Microeconomic Theory Brownbag at University of
Pittsburgh, the 2021 Pennsylvania Economic Theory Conference, the 32nd Stony Brook
International Conference on Game Theory, and the 3rd Economics Alumni Workshop at
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private information does not necessarily lead to agents obtaining information
rents. This result is what is usually called full surplus extraction. Crémer
and McLean (1988) have identified the key independence condition that guar-
antees full extraction (convex independence) in mechanism design settings.
Moreover, this condition remains key to guarantee surplus extraction in more
general environments (see for example Farinha Luz (2013), Krähmer (2020),
and Fu et al. (2021)).

We reexamine the full surplus extraction problem in the presence of bound-
edly rational types. That is, types that do not necessarily respond optimally
to incentives. We focus on a particular class of such bounded rational behav-
ior: depending on his type, an agent will only be able to imitate a subset of
types. We refer to this subset of types as his consideration set, and assume
that these consideration sets will be exogenous for each type and independent
of the mechanism implemented. While extracting rents in this setting should
be easier, we show that incentive compatibility still requires contracts and
beliefs to have some structure in order to guarantee that no type wants to
deviate from his designed contract, effectively imposing constraints on what
the designer could implement.

We consider a reduced form environment similar to the one used by McAfee
and Reny (1992) and Lopomo et al. (2020), where in an unmodeled stage an
agent is left with informational rents that depend on his private information.
The contracts can condition on an exogenous source of uncertainty. We will
refer to the current stage contracts simply as contracts and ignore any reference
to the mechanism that generates the informational rents. The main differences
with respect the model in McAfee and Reny (1992) are that we introduce a
boundedly rational types and the focus on a finite type space.

Eliaz and Spiegler (2011), Manzini and Mariotti (2014), and Fershtman and
Pavan (2022) have studied theoretical models in which agents have consider-
ation sets. From them, only Eliaz and Spiegler (2011) focus on the problem
from the perspective of a designer or seller. In their model two firms choose
both which product to offer and what marketing strategy to use, while buy-
ers have an exogenous consideration function which determines whether they
would observe the product offered by each firm or only one of them. They
found that in equilibrium, firms do not do better than if buyers always ob-
serve both firms offers. Here instead we consider a general mechanism design
setting with correlation and heterogeneity in the agents side.

Bounded-rationality in mechanism design settings have been considered be-
fore in the context of implementation by Eliaz (2002), de Clippel (2014), and
Clippel et al. (2018), relaxing the full rationality assumption using different
models. There are also studies looking using more specific setting and behav-
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ioral assumptions. For example, Severinov and Deneckere (2006) and Saran
(2011) study problems in which a fraction of agents are honest, and always
reveal their information truthfully. In both, there is no correlated information
and no more general behavioral assumptions are explored. Here instead we
consider the surplus extraction problem in a correlated information setting and
allow for more general behavioral assumption on boundedly rational agents,
considering the case of honest types as an application.

Our main result is a characterization of the conditions that guarantee full
extraction in a environment with correlation and consideration sets. The key
condition is a relaxation of the convex independence condition identified by
Crémer and McLean (1988).

The remainder of this paper is organized as follows. We describe the model
and results in Section 2. In Section 3 we discuss two simpler environments
in which our main result could be applied and the required conditions for
full surplus extraction are easier to interpret. In Section 4 we provide two
applications of our main result: an insurance market with local deviations and
an auction with correlation and behavioral types. Finally, Section 5 concludes.

2 Model

We consider the problem of a principal or designer interacting with a contin-
uum of mass one of agents. Each agent has a type t in a finite set of types T .
Each type t is associated with three elements: (1) the surplus type t generates
in the interaction with the principal vt ∈ R+, (2) his belief pt over a finite set
of exogenous states Ω, and (3) a subset of types Ct ⊆ T which identify the
types he could pretend to be. We will refer to Ct as the consideration set of
type t, and assume t ∈ Ct for all t ∈ T .

The surplus vt, beliefs pt, and consideration set Ct are all assumed to be
exogenous and fixed in the current problem. We could think about them as
coming from the interaction between the agents and the principal in a previous
unmodeled mechanism. This allows us to consider a general mechanism design
problem without explicitly define the environment details.

Note that assuming the consideration sets as exogenous implies they are
independent of the mechanism implemented in the current stage. This is
obviously a very strong assumption since the characteristics of the mechanism
implemented would influence the alternatives an agent would take into account
before deciding what alternative finally pick or what message to report to the
designer, however this simplifies the characterization of the solution. Moreover,
this is a natural assumption given our focus on a reduced form approach in
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which the details of the mechanism design problem are just implicitly modeled.
We now proceed to formally define contracts and a mechanisms in this

setting.
We define a contract x as a mapping from states into transfers such that

x(ω) ∈ R is the transfer required in state ω ∈ Ω. A (direct) mechanism or
menu x will be a collection of contracts {xt : t ∈ T} with xt : Ω → R the
contract for type t.

The payoff of an agent with type t under a contract x is given by

vt − 〈pt, x〉

where 〈pt, x〉 denotes the expected value of x under pt, that is

〈pt, x〉 =
∑
ω∈Ω

pt(ω)x(ω).

Our main goal is to characterize under which conditions the designer is
able to collect all the surplus vt from the agents (in expectation over Ω) simul-
taneously using a direct mechanism x.1

We introduce the definition of full surplus extraction formally.

Definition 1. A mechanism x achieves full surplus extraction if for all t ∈ T

〈pt, xt〉 = vt.

In a traditional mechanism design problem, it is required that all types
prefer their own contract to the contracts designed for others. Hence, incen-
tive compatibility constraints must be imposed over all combinations of types.
Since in our setting agents will be able to deviate over a subset of types only,
only some of those incentive compatibility constraints are required to be sat-
isfied.

Consequently, our definition of incentive compatibility must be adjusted
accordingly.

Definition 2. A mechanism x is incentive compatible if each t type has no
incentive to imitate any other type t′ in his consideration set Ct, i.e., if for all
types t ∈ T ,

xt ∈ arg min
t′∈Ct

〈pt, xt′〉 .

1Note however, as Börgers (2015) notes, the focus on surplus extraction is arbitrary and
the same results could be applied to implement any particular profile of payoffs or even
allocations in a more general context.
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Then, we will be looking for an incentive compatible mechanism that ex-
tracts the full surplus from all agents simultaneously.

Definition 3. Full surplus extraction is feasible if there exists an incentive
compatible mechanism c which achieves full surplus extraction.

Crémer and McLean (1988) have shown that in a setting in which there
are no restrictions on the types a particular type could imitate, full surplus
extraction could be guaranteed to be feasible only if the set of beliefs satisfies
the independence condition in Definition 4.

Definition 4. A set of beliefs P satisfies the CM condition if for any p ∈ P ,
p 6∈ co (P\{p}).

This condition is known as the convex independence condition, and it is
a linear independence condition over the set of beliefs. It also coincides with
the more general condition of probabilistic independence used by McAfee and
Reny (1992) and Lopomo et al. (2020) if applied to a setting with finite types
as the model we use here.

We assume that different types hold different beliefs, that is, pt 6= pt′ if
t 6= t′, and denote by PX the set of beliefs associated to types in X ⊆ T . Note
that pt 6= pt′ introduces correlation in our environment, i.e., types and states
are not independent.

Our characterization shows that the key element to identify is not the types
a particular type t could imitate (i.e., his consideration set) but the types that
could pretend to be t (i.e., the “inverse” of a consideration set). More formally,
we define the set of potential imitators or deviators for type t as

Dt = {t′ ∈ T : t ∈ Ct′ and t 6= t′}.

We now proceed to present our main result.

Theorem 1. Suppose pt /∈ co
(
PDt

)
for all t ∈ T . Then, full surplus extraction

is feasible.

Proof. Consider a particular type t. We will be looking for a function zt :
Ω→ R which allows us to separate t from the types that could pretend to be
t. That is,

〈pt, zt〉 = 0

〈pt′ , zt〉 > 0, ∀t′ ∈ Dt
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If pt /∈ co
(
PDt

)
then existence of such a zt is guaranteed by Farkas’ lemma.

Then, we could build the contract for t as follows

xt = vt + αtzt

where αt = maxt′∈Dt

vt′−vt
〈pt′ ,zt〉

. Note this contract xt satisfies 〈pt, xt〉 = vt for all

and 〈pt′ , xt〉 > vt′ for t′ ∈ Dt.
We can repeat this process for all other types and obtain a contract xt′

for each type t′ in T . Note that 〈pt′ , xt′〉 = vt′ and 〈pt′ , xt〉 > vt′ implies that
incentive compatibility for type t′ with respect to t is satisfied.

Hence, the collection of contracts identified above satisfies the incentive
compatibility constraints with respect to the relevant consideration sets, and
achieves full surplus extraction.

Note that it is the set of potential imitators the key feature and consid-
erations sets are only indirectly relevant through these sets. Note also that
the beliefs of the potential imitators for type t are not required to be linearly
independent at all, and there are no direct restrictions on the relationship be-
tween different types’ set of beliefs for potential imitators (PDt), as long as
individually they satisfy the required conditions.

3 Useful environments

One of the biggest limitations of the characterization in Theorem 1 is the
difficulty on interpreting the conditions as well as how many conditions are
required to be checked to determine whether full surplus extraction is feasible
or not. In order to at least partially reducing this limitations, in this section
we present some environments where the conditions become easier to both
interpret and check.

3.1 The separable case

In this section we consider an environment in which the type space could be
partitioned.

Definition 5. We say that an environment is separable if there exists a par-
tition of T , {T1, T2, ...} such that Ct ⊆ Ti for all t ∈ Ti.

Hence, in a separable environment there is a collection of groups or clusters
in which each type can only deviate to types inside his own group or cluster.
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If we apply our Theorem 1, the CM condition restricted to each cluster
completely characterizes whether full surplus extraction could be reached or
not.

Corollary 1. Consider a separable environment indexed by I. Suppose P Ti

satisfies the CM condition for each i ∈ I, then full surplus extraction is feasi-
ble.

Note that in a separable environment the amount of conditions required
to check reduces dramatically. Indeed, we only need to check whether the
independence condition captured by the CM condition is satisfied for each
subset Ti in the partition.

An example of a separable environment would be a setting in which con-
sumers could be classified into different groups according to their character-
istics like in standard third degree price discrimination strategies, but where
among each group heterogeneity still remains so different contracts will offered
to different members of the same group.

Note that even in a separable environment we could have co
(
PDt

)
∩co

(
PDt′

)
6=

∅ for t 6= t′.

3.2 Honest types

In this section we study a simple environment in which types could be classified
into two groups: honest and sophisticated. Honest types will be unable to
imitate any other type and always report their truthfully. Sophisticated types
instead will be fully rational and will be able to imitate any other type in
T , including honest types. So, for an honest type t his consideration set is
Ct = {t}, while Ct′ = T is the consideration set for a sophisticated type with
type t′.

Then, for a set of honest types B, the set of potential imitators for each
group will be Dt = T\B for an honest type t ∈ B, and Dt = T\ (B ∪ {t}) for
an sophisticated t ∈ T\B.

Hence, we can guaranteeing full surplus extraction reduces to determine
whether for all t ∈ T , pt is inside the convex hull of P S or not.

Corollary 2. Consider an environment with a set of honest types B ⊂ T .
Suppose P T\B satisfies the CM condition, and pt /∈ co

(
P T\B) for each t ∈ B,

then full surplus extraction is feasible.

Here again checking the conditions are less difficult than in the general
environment. This reduces to check whether the subset of sophisticated types
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satisfies the CM condition, and then check whether for each behavioral type
his belief is inside the convex hull of beliefs of the sophisticated types. Note the
evaluation for each behavioral type could be carried over in complete isolation
of other behavioral types. Hence, the comparisons required to be made are
again easier than in the general model.

Note that in this environment, the convex independence condition among
sophisticated types is necessary but not sufficient to guarantee full surplus
extraction to be feasible. Indeed, beliefs of honest types are required to be
outside the convex hull of the beliefs of the sophisticated types as otherwise a
contract offered to an honest type could still be preferred by a sophisticated
type (at least for some payoff structures).

For this particular setting, it is also possible to allow for some violations of
the conditions (among honest types) in the main theorem and still be able to
obtain full surplus extraction. However, this requires to impose restrictions on
the surplus generated by different types, i.e., we need to impose restrictions
on the structure of (vt)t∈T .

Proposition 1. Consider an environment with a set of honest types B ⊂ T .
Let B0{t : pt ∈ co

(
P T\B)}. Suppose P T\B satisfies the CM condition and for

each t ∈ B0,

vt ≥
∑

t′∈T\B

λt(t
′)vt′

where λt ∈ ∆(T\B) is the unique function such that pt =
∑

t′∈T\B λt(t
′)pt′.

Then, full surplus extraction is feasible.

Proof. We start with the contracts for types t /∈ B0. Note that using Corollary
2 we can build a collection of contracts which achieves full surplus extraction
and satisfy incentive compatibility in an environment where the set of types
is T\B0 and the set of honest types is B\B0. This collection of contracts
will remain incentive compatible as long as the contracts for types in B0 are
not preferred by types in T\B. We will show that it is indeed the case after
introducing the contracts for types in B0. Now, consider a type t ∈ B0 and let
v = maxt′∈T\B vt′ . There are two cases to consider:

� If vt ≥ v then a constant contract xt(ω) = vt for all ω ∈ Ω doesn’t violate
any incentive compatibility constraint and extract all the surplus from
type t.

� If vt < v we can construct the contract for type t as follows. First,
pt ∈ co

(
P T\B) and P T\B satisfying the CM condition implies there exist
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a unique function λt such that λt(t
′) ≥ 0,

∑
t′∈T\B λt(t

′) = 1, and pt =∑
t′∈T\B λt(t

′)pt′ . Let v̂t =
∑

t′∈T\B λt(t
′)vt′ , and consider the contract

xt = αt

∑
t′∈T\B

λt(t
′)xt′ + (1− αt)v

with αt = vt−v̂t
v−v̂t . Note that under the condition on vt in the proposition,

we have αt ∈ [0, 1].

Then, 〈pt, xt〉 = vt and 〈pt′ , xt〉 = vt′ for all t′ /∈ B. Hence, xt collect the full
surplus from type t and doesn’t violate any incentive compatibility constraint.

Finally, repeating the process for all remaining types in B0 and pair them
with the contracts for types not in B0 give us a collection of contracts for all
types satisfying both incentive compatibility and full surplus extraction.

Hence, if the surplus generated by honest types violating the condition
over beliefs is big enough then full surplus extraction could still be guaranteed.
Essentially, this requires that the payment collected from this class of honest
types to be big enough regardless of the state realized so no sophisticated type
is willing to consider it as a possible deviation. Note however that such type of
contracts could only be implemented if these types are not fully rational since
otherwise they would be generally dominated by risky contracts designed for
other types.

While we presented this case as an environment where some types are
honest such interpretation is not necessary. Indeed, any environment in which
there is a class of types which can be easily identified or cannot falsify their
report are behaviorally equivalent to this class of honest types, and results in
this section applies to them as well.

Finally, note this environment is not separable, which shows that some
interesting settings are beyond the separable environment.

4 Applications

In this section we present two applications in environment which are not sep-
arable.

4.1 Local deviations in an insurance market

In this section we consider a simple example in which types are only allowed
to deviate “locally”.
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Let T = {1, 2, ..., N} and Ω = {ω0, ω1}, with ω0 and ω1 the “safe” and
“unsafe” states respectively. Then, we can represent beliefs of type t with a
single parameter. In particular, pt = Pr(ω1|t) represents the probability of the
unsafe state for each type, i.e., pt represents the risk level of type t.

Without loss, we will order types according to their risk, so higher types
have higher risk levels: p1 < p2 < ... < pN .

We will assume that each type could only partially falsify their true risk
level. In particular, type t could only pretend to have a lower risk “close” to
his true risk level, but never a higher risk level. So, type t could pretend to be
types t′ = t− 1 and t′ = t− 2 but not any type t′ < t− 2 nor t′ > t.

Hence, the consideration set for each type are given by Ct = {t−2, t−1, t}
for t > 2, C1 = {1}, and C2 = {1, 2}. This leads the sets of potential imitators
to be Dt = {t+ 1, t+ 2} for t < N − 1, DN1 = {N}, and DN = ∅.

Note that for each type t, pt /∈ co
(
PDt

)
= [pt+1, pt+2] since pt < pt+1 for

all t′. Hence, from Theorem 1 full surplus extraction is feasible.
So, we can interpret this example of the problem of an insurance company

designing their policy menu where the pool of potential clients cannot com-
pletely falsify their personal information. Then, our result implies that in such
environment there is no limit on the fraction of the surplus that the insurance
company could extract from their clients.

Note that the essentially the same result holds if instead of downward
deviations only upward deviations are allowed in a similar fashion, so agent
could only over-report their true risk level. In this case, instead of revenue
maximizing insurance company we could think in a situation where agents are
competing for services provided by the government or a nonprofit organization.

4.2 An auction with behavioral types

In this section we introduce an auction environment to illustrate the main
result. We start by formally describing the auction model, then we use a
single bidder reduction and apply our main theorem and characterize the fully
extracting mechanism.

We consider a standard private values auction environment with correla-
tion: there is a single item which could be allocated to one of n ≥ 2 bidders.
The set of buyers is denoted by N . Each bidder has a valuation θi for the
item. This valuation is each buyer private information, and hence only known
to himself. There are a finite set of potential valuations for each bidder i,
which we denote by Θi. We also define Θ = ×i∈NΘi and Θ−i = ×j 6=iΘj, with
general elements θ and θ−i respectively. There is a common prior F over the
vector of valuations θ, i.e., F ∈ ∆(Θ).

10



We are interested in the case of correlated valuations, so we do not impose
any independent distributions assumption over F . This implies that a bidder
i with valuation θi holds beliefs F (·|θi) ∈ ∆(Θ−i) over the valuations of the
other bidders.

As in the general model of Section 2, we introduce some behavioral types
among the bidders. Here a behavioral type will be determined by his valuation-
belief pair. We denote by Bi ⊆ Θi the set of behavioral types for player i.
Here behavioral types will always report truthfully while non-behavioral types
will report what is best for them. Invoking the revelation principle, we will
focus on direct revelation mechanisms without loss.

For the discussion of this section, we focus on the symmetric case in which
all bidders share the same space of valuations, that is for any i and j, Θi =
Θj = Θ, and their beliefs are also symmetric, that is for any t ∈ Θ and
ω ∈ Θn−1, F (θ−i = ω|θi = t) = F (θ−j = ω|θj = t) for all i and j. Moreover,
we assume Bi = Bj = B for all bidders i and j as well.2

We further assume that each valuation generates a different distribution
over the valuations of the other bidders, so F (·|θi = t) 6= F (·|θi = t′) for all
t, t′ ∈ Θ.

Note that by our symmetry assumption, each valuation will not only de-
termine the beliefs but also the degree of sophistication of a particular bidder
of type θ. Hence, if he has valuation θ ∈ B, then the bidder will hold beliefs
F (·|θ) and always report truthfully, while if his valuation is θ′ 6∈ B then his
beliefs are F (·|θ′) and he is fully strategic.

We proceed to introduce a single bidder reduction of the auction described
above, in which we will focus the analysis of the problem from a perspective of
a single bidder taking expectations over the information of the other bidders
as required. This reduction will allows us to use the main theorem above to
solve for the optimal auction.

Since we are interested in the question of when full surplus extraction is
feasible, we will fix the allocation rule to be the one maximizing the total sur-
plus, i.e., the efficient allocation in which the bidder with the highest valuation
gets the item. Moreover, we will assume that any tie is resolved in favor of a
particular bidder i and focus on the analysis of this bidder.3

We also use the same notation from Section 2 for the elements of the single
bidder reduction, so we can use Theorem 1 directly.

2This is just for simplifying the exposition, and all the discussion extends directly to the
asymmetric case.

3We do this only for simplicity, everything extends directly to any alternative tie-breaking
rule as usual.
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In particular, we denote valuations of bidder i by t and the vector of valu-
ations of the other bidders different from i by ω. We let the beliefs of type t
be pt(ω) = F (θ−i = ω|θi).

We will denote the gross expected utility of bidder i with valuation t by
vt. Hence, under the efficient allocation rule vt will be equal to the valuation
t multiplied by the probability he has the highest valuation.4

Finally, ct(ω) will represent the transfer made by the bidder if his reported
valuation is t and the valuations reported by other bidders is ω.

In order to apply Theorem 1, we will need to impose some conditions over
the beliefs of the bidder. In particular, we impose that for all t ∈ Θ

pt 6∈ co(pt′ : t′ 6∈ B and t′ 6= t).

Note that this condition is equivalent to the two conditions in Theorem 1.
Hence, we can apply directly Theorem 1 to guarantee full surplus extraction
in this setting. Moreover, we can use the construction in the proof of Theorem
1 to compute the transfers required to achieve it in this setting. Since this
transfer rule is incentive compatible and extracts all the surplus under the
surplus maximizing allocation, the optimal mechanism will indeed extract all
the informational rents in expectation as long as the condition above holds.
We state this result formally in the corollary below, using the original notation
for the auction environment. Note that we can drop the symmetry assumption
without any loss.

Proposition 2. Consider the auction environment. Let Bi the set of behav-
ioral types for bidder i. If for all bidders i, and valuations θi ∈ Θi,

F (·|θi) 6∈ co({F (·|θ′i) : θ′i 6∈ Bi and θ′i 6= θi})

then the optimal mechanism achieves full surplus extraction.

Proof. Follows from Theorem 1 and the single bidder reduction characterized
above.

Note that the above analysis will remain essentially unchanged if in addi-
tion to the private information of other bidders, there we include other vari-
ables correlated with the valuation of bidder i in which the auction could
condition the payments (and allocation).

4Given the notation of this section, we would have

vt = t ·

 ∑
{θ−i:maxj 6=i θj≤t}

F (θ−i|θi = t)

 .
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Notice also that under the symmetric assumption we have imposed in this
section, the optimal mechanism is also anonymous since each bidder will face
the same allocation and transfer rules regardless of his index i5. However, if we
relax such assumption then naturally the optimal mechanism will no longer be
anonymous and would require to offer personalized allocation and transfer rules
based on each particular bidder index i. In such a case, our results remain valid
up to adjusting the personalized allocation and transfer rules accordingly but
now we could also allow behavioral types to represent different characteristic
based on the index of the bidder, that is, bidder i could be behavioral if his
type is ti = t but for index j a bidder with type tj = t is fully strategic. This
induces an asymmetric or personalized mechanism naturally.

5 Concluding remarks

We examined the full surplus extraction problem with boundedly-rational
agents which can only imitate a subset of types, which we call their considera-
tion sets. We characterize the conditions that guarantee full surplus extraction
regardless of the valuations of the agents. While the key condition identified
by Crémer and McLean (1988) is still sufficient in this setting, we show that a
more generalized characterization is feasible. Moreover, such characterization
highlights the importance of focusing on the set of potential imitators instead
of the considerations sets directly.

While the assumption of exogenous consideration sets is extreme, it allows
us to provide a full characterization of the conditions to guarantee full surplus
extraction. Endogenizing the type of consideration sets studied here are a
natural and appealing future path of research, and could provide a broader
view of the problem of surplus extraction in mechanism design settings with
correlation.
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