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Abstract

We examine the surplus extraction problem in a mechanism design
setting with behavioral types. In our model behavioral types always
perfectly reveal their private information. We characterize the suffi-
cient conditions that guarantee full extraction in a finite version of the
reduced form environment of McAfee and Reny (1992). We found that
the standard convex independence condition identified in Crémer and
McLean (1988) is required only among the beliefs of strategic types,
while a weaker condition is required for the beliefs of behavioral 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,
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
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general environments (see for example Farinha Luz (2013), Krahmer (2020),
and Fu et al. (2021)).

We examine the full surplus extraction problem in the presence of behavioral
types. That is, types that don’t respond optimally to incentives. We focus
on a particular case of such behavioral types: types that don’t react to the
mechanisms implemented and always reveal their private information perfectly.
This assumption simplifies the characterization of the model and works as a
benchmark for the designer’s problem since it gives him the most advantaged
setting to operate. The key feature of this assumption is that it allows for a
perfect identification of each behavioral type and allows us to characterize their
behavior regardless of the mechanism implemented. While extracting rents
from behavioral types should be easier, incentive compatibility still requires
their contract to be non-attractive to strategic types, imposing constraints on
the designer.

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 ref-
erence 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 class of behavioral types which always report their private infor-
mation truthfully and focus on a finite type space.

Behavioral types that report their information truthfully have been studied
before by Severinov and Deneckere (2006) and Saran (2011) in the context of
monopolistic screening and bilateral trade respectively. However, correlation
plays no role in their models. More general models from behavioral economics
have been studied in the context of implementation (see for example Eliaz
(2002) and Clippel et al. (2018)).

Our main result is a characterization of the conditions that guarantee full
extraction in a environment with correlation and behavioral types. The key
condition is a relaxation of the convex independence condition identified by
Crémer and McLean (1988) for the beliefs of the behavioral types. This condi-
tion is not only required to guarantee full extraction over all types (Theorem
1) but also allows extraction of all the surplus from behavioral types even if
the full surplus extraction result fails (Corollary 1).

The remainder of this note is organized as follows. We describe the model
and results in Section 2. In Section 3 we apply our main result to an auction
environment with correlated valuations. Finally, Section 4 concludes.



2 Model

There is a finite set of types T and a finite set of states 2. Each type ¢
is associated with a valuation (i.e., informational rents) v; € R, and beliefs
pe € A(R2)." We define a contract ¢ as a mapping from states into transfers,
such that ¢(w) € R is the transfer required in state w € Q. A contract menu c
is a collection {¢; : t € T'} such that ¢, : Q — R, i.e., a collection of contracts,
one for each type.

There is a single agent with quasilinear preferences. Hence, from a contract
¢, type t’s payoff is given by

vy — (pr, €)

where (p;, ¢) denotes the expected value of ¢ under p;, that is

(pr.c) =Y pilw) c(w).
wel
We are interested in whether the principal or designer is able to extract all
the rents from the agent using a contract menu c.”
We introduce the definition of full extraction formally.

Definition 1. A contract menu c achieves full extraction if for allt € T

<pt>Ct> = V.

In the traditional setting it is required that all types prefer their own con-
tract to the contract offered to others. We depart from the standard model by
introducing a particular class of behavioral types. In particular, a behavioral
type is a type for which no incentive compatibility constraint is considered.
That is, a behavioral type always reports his type truthfully. While this as-
sumption could seem extreme, we claim that this is without loss due to a
revelation principle argument as long as the strategy of the behavioral types
is independent of the mechanism implemented.

Let B C T be the set of behavioral or unsophisticated types. Similarly, let
S = T\ B be the set of standard, sophisticated or strategic types.

Since in our model behavioral types don’t respond to incentives, we will
require incentive compatible constraints only for strategic types. Moreover, we
will use a restrictive incentive compatibility notion, requiring that potential
deviations have no impact in the informational rents of the agent. That is, we
will require that each (strategic) type chooses his cost minimizing contract.

In Section 3 we explicitly derive v; and p, in an auction example.

2However, as Borgers (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.



Definition 2. A contract menu c is incentive compatible if for each strategic
type s € S,
¢s € argmin (pg, ¢;) -
teT
We will look for an incentive compatible contract menu that fully extracts
the informational rents from the agent.

Definition 3. Full extraction with behavioral types is feasible if there exists
an incentive compatible contract menu ¢ which achieves full extraction.

Crémer and McLean (1988) have shown that in a setting without behavioral
types full extraction is feasible 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 & 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, p, # py if
t # ¢/, and denote by P¥ the set of beliefs associated to types in X C T. Note
that p; # py introduces correlation in our environment, i.e., types and states
are not independent.

We proceed to present our main result.

Theorem 1. Full extraction with behavioral types is feasible if
(i) P® satisfies the CM condition, and
(ii) For all types b € B, p, & co(P?).

Proof. Step 1: from (i), we know from Crémer and McLean (1988) that we
can find a contract menu that reaches full extraction if we restrict types to
S. Notice that such contract menu remains incentive compatible and reaches
full extraction among types in S as long as the contracts offered to types in B
don’t generate incentives to any type in S to deviate.

Step 2: now, we construct the contracts for types in B. Consider a single
behavioral type b. For this type, it suffices to find z;, such that

<pb> Zb) =0
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<p5,Zb> > 07 Vse S

Due to condition (ii), the existence of a solution to this system of inequalities
follows from Farkas’ lemma. Hence, we can use z;, to construct the extracting
contract for the behavioral type in a similar way we construct the contract for
types in S. In particular,

Cp = Up + Qp2p

with a, = max,cg vs_:‘s satisfies all the required conditions.

Note that the contract designed for type b has no impact on the contract
of any other type in B or S. Hence, we can repeat the process for all others
types in B to construct the contract for each remaining type.

]

Notice that from the proof of Theorem 1, it is without loss to look at
environments where |B| = 1 since the problem for each behavioral type could
be looked at in complete isolation from other behavioral types. This is possible
since there are no “cross” incentive compatibility conditions.

Theorem 1 shows that a slightly relaxed convex independence condition is
required to guarantee full extraction in the presence of behavioral types. Even
though we have completely relaxed the incentive compatibility constraints for
behavioral types, identification conditions in terms of their beliefs are still
required to be able to extract all their rents. This highlights that incentive
compatibility and surplus extraction are not isolated features of a mechanism.

The second condition of the theorem allows us to separate a behavioral type
from the strategic types. Moreover, this separation translates into a particular
direction of incentive compatibility: that no strategic type wants to deviate to
the contract of that particular behavioral type considered. This is in contrast
to the first condition which requires, as in the standard extraction problem, to
consider incentive compatibility in both directions. This is why the augmented
condition required for behavioral types is weaker than the one required over
strategic types. This also shows why the first condition cannot be relaxed,
i.e., that P¥ must satisfy the standard CM condition: introducing behavioral
types enlarges the set of constraints the designer must satisfy relative to the
setting in which only types in S are present, so separation among types in S
is still required.

Figure 1 illustrates the statements presented in Theorem 1 using a three
states and four types with a single behavioral type example. In panel a,
all beliefs are linearly independent, hence PT satisfies the CM condition and
the original theorem from Crémer and McLean (1988) guarantees that full
extraction is feasible. Instead in panel b, it is Theorem 1 that guarantees



full surplus extraction. Clearly, if we consider all beliefs depicted there the
standard CM condition is violated. However, the beliefs of strategic types in
panel b (p1, p2 and p3) does satisfy the CM condition (condition (i) in Theorem
1), and the beliefs of the behavioral type (py) could not be represented as
a convex combination of the beliefs of the strategic types (condition (ii) in
Theorem 1), hence by Theorem 1 we know full extraction is feasible in this
case. Finally, panel ¢ and d illustrate how the violation of each condition in
Theorem 1 would looks like in the space of beliefs.

We finish this section presenting two results regarding violations of the
conditions identified in Theorem 1.

The first result is a direct consequence of Theorem 1, and shows that the
same contract works for behavioral types even if full extraction could not be
achieved for strategic types.

Corollary 1. Consider a particular behavioral type b € B. Let c_, be an
incentive compatible contract menu for types t # b. If py & co(P?) then there

y41 Po

(a) Crémer and McLean’s theo- (b) Main theorem applies
rem applies

(c) Condition (i) fails (d) Condition (ii) fails

Figure 1: Representation of Theorem 1 with three states.



exists a contract ¢, such that the contract menu (cy, c_yp) is incentive compatible
and {py, Cp) = Vp.

Proof. Follows directly from the proof of Theorem 1. O]

This result is analogous to the result in Borgers (2015) which shows that
if the convex independence condition holds then any allocation rule could be
made incentive compatible. Here we show that implementing full extraction
for a particular behavioral type b requires us to check only if his beliefs are in
the convex hull of the beliefs of the strategic types, regardless of what could
be achieved from other types.

Proposition 1 identifies a sufficient condition to guarantee full extraction
even if the second condition in Theorem 1 fails. It involves imposing restric-
tions over the valuations of behavioral types with beliefs in the convex hull of
the beliefs of strategic types.

Proposition 1. Suppose P° satisfies the CM condition. Let B = {b € B:
Dy € FO(PS)}. Then, full extraction with behavioral types is feasible if for each

beB
vp > Z)\b(s)vs,

seS

where \> € A(S) : pp = Z A (8)ps.

seS

Proof. The contracts for types s € S and b € B\B remain the same as in
Theorem 1.
For types b € B, there are two cases to consider:

1. If vy, > max,cgv, then a flat constant contract ¢, = v, doesn’t violate
any incentive compatibility condition and extract all rents from type b.

2. For v, < max,cg v, we construct the contract for b as follows.

First, p, € co(P®) implies there exist weights (As)ses such that Y o Ay =
LA, >0forall s€ Sand py =) g ADs.

Let Vpar = Maxges vs and T, = ) o Avs. Now, consider the contract

Cp = Qi Z )\scs + (1 - ab)vmaz
SGS

Up—Up

with oy = - = Note (py,cp) = v, and (ps, ) > v for all s € S.
Hence, ¢, fully extract the rents from b and doesn’t violate any incentive
compatibility constraint.



Repeating this process for all other ¢/ € B we obtain a feasible contract menu
which achieves full extraction. [

This result shows how full extraction is maintained if we replace the condi-
tion over the beliefs of the behavioral types with a condition over their payoffs.
While the condition is restrictive, it is less extreme than the condition required
for fully strategic types which replaces the inequality in the proposition above
with an equality.

3 Auction application

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 6; 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 1,
which we denote by ©;. We also define © = X;cny0; and ©_; = x,40,, with
general elements @ and 6_; respectively. There is a common prior F' over the
vector of valuations 0, i.c., F' € A(©).

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 6; holds beliefs F'(-|0;) € A(O_;) 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 B; C O; the set of behavioral types for player .
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 ¢ and j, ©; =
©; = O, and their beliefs are also symmetric, that is for any ¢ € © and
we O Fl_; =wld,=t) = F(0_; = w|f; =t) for all i and j. Moreover,
we assume B; = B; = B for all bidders i and j as well.?

3This is just for simplifying the exposition, and all the discussion extends directly to the



We further assume that each valuation generates a different distribution
over the valuations of the other bidders, so F(:|6; = t) # F(-|0; = t') for all
t,t' € O.

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 6. Hence, if he has valuation # € B, then the bidder will hold beliefs
F(-]0) and always report truthfully, while if his valuation is ¢ ¢ B then his
beliefs are F'(-]0') 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.*

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

In particular, we denote valuations of bidder ¢ by ¢ and the vector of valu-
ations of the other bidders different from ¢ by w. We let the beliefs of type ¢
be py(w) = F(0_; = wl|b;).

We will denote the gross expected utility of bidder ¢ with valuation ¢ by
v;. Hence, under the efficient allocation rule v; will be equal to the valuation
t multiplied by the probability he has the highest valuation.’

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

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 € ©

asymmetric case.

4We do this only for simplicity, everything extends directly to any alternative tie-breaking
rule as usual.

5Given the notation of this section, we would have

vp=t- ( > F(0_;|0; = t)) .

{G,i:maxj-¢i 9] St}



pi € co(py :t' & B and t' #1t).

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 B; the set of behav-
1oral types for bidder i. If for all bidders v, and valuations 0; € ©;,

F(:|0;) & co({F'(-6;) - ; & B; and 0; # 0;})
then the optimal mechanism achieves full surplus extraction.

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

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 ¢ in which the auction could
condition the payments (and allocation).

4 Concluding remarks

We examined the full surplus extraction problem considering the presence of
behavioral types who always reveal their information truthfully. We charac-
terize the conditions that guarantee full surplus extraction regardless of the
valuations of the agents. The key condition is a weakened version of the one
originally identified by Crémer and McLean (1988) in the case without behav-
ioral types. We show that extracting all rents from behavioral types is possible
regardless of the payoffs of other types if the beliefs of the behavioral types are
not in the convex hull of the beliefs of the strategic types. We also provide a
version of full surplus extraction if we replace the condition over the beliefs of
behavioral types by a condition on their payoffs. Finally, we applied our main
result to a auction environment with correlated valuations.
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While the assumption over the behavior of behavioral types in this model
seems extreme, it allows to study a simple environment and provide a charac-
terization in a setting where the designer could take full advantage from this
type. This serves as an important starting point to formally study the limits
of surplus extraction in environments with correlation and non-fully strategic
agents. Including richer assumptions on the behavior of non-strategic agents
seems like an interesting path to pursue in future research.
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