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Abstract

This paper analyzes under what circumstances firms have incentives to exploit consumer
quality misperceptions. In our model, some consumers underestimate their costs of returning
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sumers’ false beliefs. In monopoly, if the fraction of naive consumers is sufficiently high in
the market, this leads to naive consumers paying more for the good on average than their
willingness to pay. Furthermore, competition is also not able to crowd bad qualities out of the
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1 Introduction

Why do some consumers misperceive product qualities? Recent work in economics
and psychology has focused on how psychological biases, like for example consumer
overconfidence, will affect contract design and pricing of goods.

In this paper, we introduce a different consequence of consumer biases, namely
consumer misperceptions about the quality of a good due to making wrong inferences
about product warranties. Our main question is: Under which conditions can it be
optimal for firms to exploit consumer misperceptions, and what are the reasons for
it? In our model, quality misperceptions occur because some consumers underpredict
their distribution of return costs in case a product has a failure. This means that
in some cases people do not foresee that they will not claim a warranty payment
although they are eligible for it. The intuition is the following: Many goods have a
certain probability of having a defect. This probability can be reduced by putting
more quality into the production of a good, which is costly for a firm. For the case
of a defect of a product, firms can issue warranty rights to consumers in terms of
reimbursements or repair. When all consumers are fully rational, if the warranty
payment in case of a product breakdown is sufficiently high, firms can use such a
warranty to signal a high product quality to consumers and therefore overcome a
moral hazard problem. In such a case, when consumers consider buying a good
whose quality they cannot observe, they make inferences about the quality that has
been put into the good based on a profit-maximizing property of a firm. Thus, they
take into account a firm’s trade-off between lower effort costs and higher costs of
warranty payments. However, we argue that in some cases people underestimate
the costs of returning the good in order to request a warranty payment. Examples
for such costs can be additional unforeseen shipment costs and opportunity costs
of time spent sending the good back to the firm, for example, due to the foregone
utility of consuming features of a good that are still partly working, or costs due to
losing the warranty certificate of a good which is necessary to claim such a warranty.
Therefore, a warranty grant may mislead consumers into thinking that a good has a
higher quality than is actually the case. A wrong inference about the quality of such
a good through a warranty leads to a higher willingness to pay for the good ex-ante.
This then leads to a market distortion that can also persist in oligopoly. Besides
proposing a new concept of exploitation in this model, we are also interested in
the resulting implications on consumer policies. One problem consumer protection
policies face is how to deal with supposedly naive or uninformed consumers, and
whether market competition alone can save naive consumers from being exploited
by firms. Our results show that when there is market competition, in most cases
naive consumers will never buy their utility maximizing contract. Furthermore, we
show cases in which policy interventions that are only based on the existence of naive
consumers can further hurt consumer welfare.

Section 2 will give an overview of the related literature of both warranty models
and behavioral models. Section 3 presents the setup of our model. The analysis
of the monopoly and oligopoly settings is provided in Section 4 and 5, respectively.
Section 6 develops extensions of the baseline model. Section 7 concludes with a
discussion of the results.
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2 Related Literature

There is evidence from both psychology and marketing suggesting that a large frac-
tion of consumers does not complain to producers after having experienced a product
failure. TARP (1996) for example shows that conditional on having a service fail-
ure, more than 70% of the customers do not report it. Chebat et al. (2005) argue
that passive emotions such as resignation and avoidance are a strong factor for these
patterns. Huppertz (2007) finds a positive relationship between the leniency of the
refund system and the number of consumer complaints. This suggest that firms can
influence consumer response behavior by the complexity of the refund system.

There is furthermore evidence that firms use redeemable rebates as a promotional
tool also because many consumers will not exercise them and end up paying the
full price, see for example Jolson et al. (1987). Dhar and Hoch (1996) conduct field
experiments in order to compare how consumers react to both redeemable coupons
and off-the-shelf price discounts. They find that coupons lead to both a higher
increase in the number of sales and higher profits compared to the price discounts,
for only an average of 55% of the consumers redeem the coupons.

Our model relates to two different literatures in economics, the literature on war-
ranties in industrial organization and contract theory, and the exploitative contract-
ing literature in the field of behavioral economics. Spence (1977) first formalized a
signaling role of warranties. In his model, the firm side is perfectly competitive, and
consumers vary in their degree of risk-aversion. The marginal costs of consumption
are increasing and convex in the probability of the good working without a defect,
which he shows to be sufficient for warranties to be a potential signal for product
quality in terms of a good’s reliability. Emons (1988) focuses on the double moral
hazard problem that arises from warranties, i.e. the trade-off between a firm’s moral
hazard of producing a low quality good when only offering a low warranty and a
consumer moral hazard that arises because of consumers not using a good carefully
when having a high warranty. Gal-Or (1989) develops a duopoly model in which
warranties reflect the time span in which a consumer may exchange a malfunction-
ing product. In her model, product qualities are exogenous, and only firms observe
each others’ product qualities. Mann and Wissink (1990) assess the effeciveness of
money-back and replacement warranties both when the product quality is observable
and when it is not. They find that a money-back warranty is always better except
for an intermediary range of replacement costs of the firm.

There is a growing literature of Industrial Organization models with a Behavioral
Economics foundation – see Ellison (2006) and DellaVigna (2009) for broad liter-
ature reviews. DellaVigna and Malmendier (2004) focus on how firms can design
contracts in order to maximize their revenue when facing consumers with hyperbolic
preferences. Gabaix and Laibson (2006) give a bounded rationality explanation for
why firms shroud prices of add-on costs in equilibrium. They develop a competitive
model in which the purchase of a base good implicates add-on costs later on. Sophis-
ticated consumers foresee the add-on costs even without advertising and substitute
away from them if they exceed the costs of a private substitution; myopes in contrast
are unaware of these costs if information on add-on prices is shrouded. Drago and
Kadar (2006) try to explain empirical evidence that suggests that many people do
not send back mail-in rebates that are included when buying certain goods. They
provide a model in which consumers have both hyperbolic preferences and suffer
from a so-called “sunk-cost” effect. They show that a relatively short rebate period
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increases the number of people who complete the rebate, while a longer duration of
the rebate period leads increases the number of consumers who purchase a good but
decreases the number of consumers who complete the rebate. Inderst and Ottaviani
(2009) explore the provision of consumer cancellation rights in case sellers act as
advisors with respect to the suitability of a product for a consumer. They distin-
guish between a case in which all consumer’s anticipate the seller’s profit-maximizing
intentions and a case in which consumers do always believe the seller’s claims.

From a consumer policy perspective, the literature review of Armstrong (2008)
and especially Vickers (2004) give a useful summary of the current literature. Vickers
also explores whether reputation can overcome a firm’s commitment problem of
providing a high quality to consumers. As a necessary condition, he finds that firms
in such an equilibrium have to make positive profits, however full efficiency in terms
of the optimal price-quality bundle can still not be achieved.

3 Monopoly Setting

3.1 Baseline model

A risk-neutral monopolist offers a good to a unit mass of potential consumers. The
monopolist can choose whether to produce a product of low quality qL or high quality
qH , with qH > qL; qH , qL ∈ [0, 1] . The quality of the good is also its probability of
working properly, so that this probability is increasing in the quality of the good. A
good’s quality cannot be observed by the consumers prior to its purchase. Marginal
cost ci, i ∈ {L,H}, in production is constant for both quality types, with cH > cL,
and there exist no fixed cost of production. The monopolist can issue warranty rights
in terms of a payment to the consumers for the event of a breakdown of the good. In
order to receive the warranty payment, the consumer has to send the good back to
the firm, which incurs a cost r to the consumer. A cost draw r is unknown for each
consumer prior to the purchase of the good, and distributed according to the cu-
mulative distribution function F (r), with the according probability density function
f(r). We assume that consumers cannot affect the probability of a product failure,
i.e. abstract from consumer moral hazard. In the following we will assume that there
are two kinds of consumers: A fraction of 1 − θ consumers are “sophisticated” in a
sense that they correctly predict their distribution of return costs.

A fraction of θ consumers are “naive” in a sense that they erroneously underes-
timate their costs of returning the good, i.e. their anticipated distribution of return
costs. Despite having the same return cost cdf F (r), as the sophisticated consumers,
naive consumers think that their distribution of return costs r can be described
by a density function f̃(r) and the corresponding cumulative distribution function
F̃ (r). F first-order stochastically dominates F̃ (r), i.e. F̃ (r) ≥ F (r)∀r ∈ (0,∞),
with F̃ (r) > F (r) for the full support of F . This implies that naive consumers
underestimate their return costs for all cost levels.

It is furthermore necessary to define the consumers’ beliefs about the other players’
warranty return costs. Naive consumers believe that all consumers have the return
cost distribution F̃ (r); and that the monopolist has the same beliefs. Sophisticated
consumers correctly believe that all consumers have the return cdf F (r), but also
correctly foresee that naive consumer underestimate the return cost distribution of
all consumers, and that the monopolist shares the sophisticated consumers’ beliefs.
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firm sets (γ, q)

consumer buys good

no purchase

Payoff: 0

no breakdown

breakdown

consumer returns

consumer does not

Payoff: -p

Payoff: -p-r+w

Payoff: I-p

Period 1 Period 2

(probability (1-q)

(probability q)

return the good

the good

Figure 1: Structure of the game

Thus, only sophisticated consumers and the monopolist are aware of a disagreement
with respect to the return cost distribution.

Our equilibrium results are also consistent with different belief structures, which
will be discussed later.

Structure of the game Figure 1 shows the timing of the game. In period 1, the mo-
nopolist proposes a contract γ = (p, w) including a price p and a warranty payment w
in case of a product breakdown, and sets a quality q ∈ {qL, qH}. Each consumer val-
ues a functioning good with utility I > 0, whereas the utility from a non-functioning
good is normalized to 0. Therefore, in case that a consumer buys the good from the
monopolist, she derives a net utility of I − p if the product works properly. In the
case of a defect of the good after the purchase, she has two options: If she sends
the good back to the producer and gets a compensatory warranty payment, she ex-
periences a utility of −p + w − r. In the case that she does not return the good to
the store she experiences a utility −p. Thus, she will only return the good if the
warranty payment exceeds the return costs, w ≥ r. Therefore, the expected ex-ante
utility in case of a defect is −p+

∫ w

0
(w− r)f(r)dr for a sophisticated consumer, and

−p +
∫ w

0
(w − r)f̃(r)dr for a naive consumer. The outside option of not buying the

good is set to 0.
In period 2, firms have to pay warranty payments to those consumers that claim

the warranty payment after their good has had a defect.
The discount rate between periods is equal to 1. Given a quality q, the expected

utility of consuming a good for the sophisticated consumer can be written as

V (q, γ) = qI − p+ (1− q)
∫ w

0

[w − r]f(r)dr.

With 1
F̃ (w)

∫ w

0
[w − r]f(r)dr ≡ E[w − r|w > r], this can be rewritten as

V (q, γ) = qI − p+ (1− q)F (w)E[w − r|w > r]. (1)
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The expected utility of a naive consumer can be written as

Ṽ (q, γ) = qI − p+ (1− q)
∫ w

0

[w − r]f̃(r)dr.

Define 1
F̃ (w)

∫ w

0
[w − r]f̃(r)dr ≡ Ẽ[w − r|w > r]. This then yields

Ṽ (q, γ) = qI − p+ (1− q)F̃ (w)Ẽ[w − r|w > r]. (2)

We make the assumption that production and consumption of a high quality
good leads to a higher welfare than the production of a low quality good and that
the difference in terms of welfare is also high enough in order to overcome potential
cost inefficiencies caused by signaling the high quality through a warranty.1

Assumption 1. (Consumer preference for high quality)
(qH−qL)2I
1+qH−qL

> cH − cL.

We will now explain our equilibrium concept.

3.2 Equilibrium concept

In order to solve this game of imperfect information we use a modified version of the
Weak Perfect Bayesian Equilibrium concept with an additional belief refinement.
Consumers have beliefs for each possible contract γ about the probability of the
product being of high quality. Consumers then buy one unit of the good when it gives
them a non-negative expected utility. As under the regular Weak Perfect Bayesian
Equilibrium concept, we require that sophisticated consumers’ beliefs match the true
outcome in equilibrium. Unlike in Weak Perfect Bayesian Equilibrium, we require
the beliefs of naive consumers to coincide with the hypothetical outcome in which the
naive consumers’ predicted distribution of return costs was the true distribution, i.e.
in which the naive consumers have true expectations about their own distribution
of costs of returning the good. This deviation from rationality is a crucial step
in our model for establishing false beliefs about a product’s quality. As a belief
refinement, we impose the condition that all consumers believe that the producers
will select the product quality that yields the highest profits given the contract γ.2

As a convention, if producers are indifferent between providing a low or a high quality
product for a given contract γ, we assume that consumers believe that the firm will
produce a good of high quality. Given the structure of our model, it turns out
that sophisticated consumers always have correct beliefs about the whole game after
observing the monopolist’s contract γ. Therefore, all non-rational behavior in the
market is caused by naive consumers. We will now formalize the belief structure of
the game.

3.3 Belief structure

Denote by µ(γ) a sophisticated consumer’s belief about the probability of the mo-
nopolist being of high quality after having observed the contract γ offered by the

1Assumption 1 can be rewritten as (qH − qL)I − cH − cL > cH−cL
qH−qL

. This gives a minimum required difference

between the willingness to pay differences and cost differences of high and low quality goods, respectively.
2This refinement is similar to that in Emons (1988).
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monopolist. Analogously, denote by µ̃(γ) a naive consumer’s belief about the prob-
ability of the monopolist being of high quality after having observed γ. Denote a
sophisticated consumer’s predicted consumption utility after having observed the
contract γ, by U(µ(γ), γ). This can then be written as

U(µ(γ), γ) = µ(γ)V (qH , γ) + (1− µ(γ))V (qL, γ). (3)

The analogous predicted consumption utility for a naive consumer after having ob-
served γ, Ũ(µ̃(γ)), can be written as

Ũ(µ̃(γ), γ) = µ̃(γ)Ṽ (qH , γ) + (1− µ̃(γ))Ṽ (qL, γ). (4)

A consumer will only buy a good if her predicted consumption utility is non-negative.
Thus, the sophisticated consumers’ demand for the good, D(γ), can be written as

D(µ(γ), γ) =

{
1− θ, if U(µ(γ), γ) ≥ 0

0, if U(µ(γ), γ) < 0.

The naive consumers’ demand can be written as

D̃(µ̃(γ), γ) =

{
θ, if Ũ(µ̃(γ), γ) ≥ 0

0, if Ũ(µ̃(γ), γ) < 0.

The monopolist’s profit maximization problem can then be written as

maxq∈{qL,qH},γ[D(µ(γ), γ) + D̃(µ̃(γ), γ)](p− (1− q)F (w)w − c(q)), (5)

where c(qL) = cL; c(qH) = cH .
We now characterize the threshold warranty level at which the monopolist is

indifferent between producing a good with low or with high quality. If the monopolist
wants to attract naive and sophisticated consumers, it is profitable for him to produce
a high quality good given a warranty w if p−(1−qH)F (w)w−cH ≥ p−(1−qL)F (w)w−
cL This is equivalent to

F (w)w ≥ cH − cL
qH − qL

. (6)

Denote the minimum level of w that satisfies the weak inequality by wS. Recall
that sophisticated consumers believe both that naive consumers have the return cost
cdf F (s) and that the monopolist shares the same beliefs about naive consumers.
Therefore, sophisticated consumers will only believe that a good is of high quality if
w ≥ wS. We assume that sophisticated consumers’ beliefs are such that they reflect
the dominant actions of the monopolist given the contract γ. Thus, the beliefs µ(γ)
of the sophisticated consumers have the following form:

µ(γ) =

{
1, if w ≥ wS

0, if w < wS.
(7)

This implies our belief convention that if the monopolist is indifferent between pro-
ducing a high or a low quality good, he will produce the high quality good. Because
naive consumers believe that their costs are distributed according to the cdf F̃ (s),
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the constraint for a naive consumer if she believes that only naive consumers buy
the good given a contract γ can turn to

F̃ (w)w ≥ cH − cL
qH − qL

. (8)

Denote the minimum level of w that satisfies this weak inequality by wN . Therefore,
given a contract γ from the monopolist, a naive consumer’s belief µ̃ will be of the
following form:

µ̃(γ) =

{
1, if w ≥ wN

0, if w < wN ,
(9)

Therefore, we again use the convention that if a monopolist is indifferent between
producing with high or with low quality, the naive consumers believe that the mo-
nopolist is producing with high quality.

4 Monopoly Analysis

4.1 Derivation of the optimal contracts

Given the system of beliefs as addressed above, there are 3 potential candidates
for an equilibrium that can be broadly characterized by the quality level and by
whether sophisticated consumers or naive consumers become fully exploited by the
monopolist:

1. No exploitation: All consumers buy a high quality good, and sophisticated
consumers have a 0 consumption utility: q = qH , µ(γ) = µ̃(γ) = 1, U(µ(γ), γ) =
0, Ũ(µ̃(γ), γ) > 0, D(µ(γ), γ) = 1− θ, D̃(µ̃(γ), γ) = θ

2. Return cost exploitation: Only naive consumers buy a good which is of high
quality, and predict a 0 consumption utility: q = qH , µ(γ) = µ̃(γ) = 1,
U(µ(γ), γ) < 0; Ũ(µ̃(γ), γ) = 0, D(µ(γ), γ) = 0, D̃(µ̃(γ), γ) = θ

3. Quality misperception exploitation: Only naive consumers buy a good which is
of low quality, and predict a 0 consumption utility: q = qL, µ(γ) = 0, µ̃(γ) = 1,
U(µ(γ), γ) < 0, Ũ(µ̃(γ), γ) = 0, D(µ(γ), γ) = 0, D̃(µ̃(γ), γ) = θ

Because of Assumption 1 it is never optimal for a monopolist to set a low quality while
also attracting sophisticated consumers. When the monopolist wants to attract both
consumer types, whenever U(µ(γ), γ) > 0, the monopolist can raise prices without
losing consumer demand, which is thus profitable. When the monopolist is selling
to naive consumers only, analogously, whenever Ũ(µ̃(γ), γ) > 0, the monopolist can
also increase the price without losing consumer demand, which therefore increases
profits. We will now explore the three different cases in more detail.

Case 1: Both sophisticated and naive consumers buy a high quality good. We start
this section with the following claim.

Claim 1. No contract with w > wS in which U(µ(γ), γ) ≥ 0 can yield a higher profit
to the monopolist than the contract specified by w = ws and U(µ(γ), γ) = 0.
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Proof. Under the system of beliefs we have specified above, for every contract γ we
have Ũ(µ̃(γ), γ) ≥ U(µ(γ), γ). If the monopolist wants to attract all consumers to
buy the good, the highest price the monopolist can set given any warranty level is a
price such that the sophisticated consumers are indifferent between buying and not
buying the good. Assumption 1 implies that it is more profitable for the monopolist
in such a case to sell a high quality product to the consumers than a low quality
product. In order to credibly signal a high quality level to sophisticated consumers,
the warranty level has to be at least wS. We show now that no warranty level can
yield a higher profit to the monopolist than the level wS. Denote the monopolist’s
profit when attracting all consumers by πS. Thus, the firm’s maximization problem
can be written as maxγ,qπ(γ, q) = p−(1−q)F (w)w−c(q) s.t. Iq+(1−q)F (w)E[w−
r|w > r]− p ≥ 0. The Lagrangean of the problem can be written as

LS = p− (1− q)F (w)w − c(q) + λ[Iq + (1− q)F (w)E[w − r|w > r]− p].

Deriving this with respect to p yields λ = 1. Intuitively, this implies that the mo-
nopolist will maximize the difference between the willingness to pay of sophisticated
consumers and the production costs. With

∫ w

0
rf(r)dr = [rF (r)]w0 −

∫ w

0
F (r)dr, this

can then be written as L = Iq − (1− q)[
∫ w

0
F (r)dr]− c(q) The first-order derivative

with respect to w then yields

∂LS

∂w
= −(1− q)[F (w)] ≤ 0∀w ≥ 0. (10)

Therefore, given w ≥ wS, the sum of consumer and producer surplus is never increas-
ing in w. From Assumption 1, it follows that it is always profitable to offer a high
quality qH to sophisticated consumers, such that w ≥ wS for only then µ(γ) = 1.
Because the monopolist can at most obtain the whole rent πS + V (qH , γ) by selling
the good to the consumers, which happens when V (qH , γ) = 0, it follows that he
cannot earn a higher profit than when setting w = wS while setting a price such that
U(µ(γ), γ) = 0. This completes the proof.

Claim 2. Let F (w) be continuous and strictly increasing around wS. Then wS is
the unique profit-maximizing warranty level when selling to both consumer types.

Proof. This follows immediately from Assumption 1 and equation 10.

Case 2: Only naive consumers buy a high quality good. Again, from Assumption 1
it follows that it is always profitable for a firm to make the naive consumers believe
that the good is of high quality. In this segment, it is thus best for the monopolist to
set a warranty level equal or above wS in combination with producing a high quality
qH . Denote the monopolist’s profit in this case by πS. The Lagrangean in this case
can be written as

LNH = θ
[
p− (1− qH)F (w)w − cH + λ[IqH + (1− qH)F̃ (w)Ẽ[w − r|w > r]− p]

]
.

The first-order derivative with respect to p yields λ = θ. Plugging this in the above
equation and deriving with respect to w yields

∂LNH

∂w
= θ(1− qH)

[
F̃ (w)− F (w)− wf(w)

]
. (11)
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Figure 2: Maximum willingness to pay for different consumer types

The second-order derivative yields

∂2LNH

∂w2
= θ(1− qH)

[
f̃(w)− 2f(w)− wf ′(w)

]
. (12)

Equation (11) shows that without further restrictions, there is not necessarily
a unique maximum of LNH with respect to w. A sufficient condition would be
w
2
> f(w)−f̃(w)

f ′(w)
for all w > wS. An optimal contract for this segment consists of

a high quality qH , a warranty level w that maximizes πNH , and a price such that
Ũ(1, γ) = 0.

We now introduce another assumptions in order to better characterize the mo-
nopolist’s optimal strategy.

Assumption 2. (Bounds on consumer misperceptions) For all w ≥ wN , F̃ (w)
F (w)

<
1−qL
1−qH

.

Case 3: Only naive consumers buy a low quality good. In this case, it is best for
the monopolist to set a warranty level strictly below wS but equal or above wN in
combination with producing the quality qL. Denote the monopolist’s profit in this
segment by πNL.

LNL = θ
[
p− (1− qH)F (w)w − cH + λ[IqH + (1− qL)F̃ (w)Ẽ[w − r|w > r]− p]

]
.

The first-order derivative with respect to p yields λ = θ. Deriving with respect
to w yields The first-order derivative with respect to w yields

∂LNL

∂w
= θ

[
(1− qH)F̃ (w)− (1− qL)F (w)− (1− qL)f(w)w

]
. (13)

Under Assumption 2 and equation (13), it follows immediately that wN is the
unique optimal warranty level in this case. Figure 2 shows the maximum price each
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consumer type is willing to pay given a warranty level w, and the resulting optimal
contracts for the monopolist in each case.

4.2 Monopolist’s optimal choice of a contract

Without further restrictions on the relationship between F (r) and F̃ (r), it is not
possible to characterize a unique warranty level by some first-order conditions. How-
ever, it is clear that an optimal warranty level exists for both the interval [wN , wS]
and the interval [wS,∞) when the monopolist is targeting naive consumers only
in each case. For notational ease, we define the difference between a sophisticated
consumer’s expected net warranty benefit of a high quality good and the monop-
olist’s expected warranty costs per product when offering a product of quality q
as R(w, q) ≡ (1 − qH)F (w)E[w − r|w > r] − (1 − q)F (w)w. Analogously, define
R̃(w, q) ≡ (1− qH)F̃ (w)Ẽ[w − r|w > r]− (1− q)F (w)w as the difference between a
naive consumer’s expected net warranty benefit of a high quality good and the mo-
nopolist’s expected warranty costs per product when offering a quality q. As shown
above, the value wS is already an optimal warranty value if the monopolist targets
both naive and sophisticated consumers.3 Denote a monopolist’s optimal warranty
level in the “return cost exploitation” case 2, i.e. when only naive consumers buy a
high quality good, as wNH ∈ [wS,∞). Analogously, denote an optimal warranty level
in the “quality misperception” case 3, i.e. when selling a high quality product only
to naive consumers, by wNL ∈ [wN , wS]. Furthermore, denote the maximum profits
the firm makes in the three different cases as: πS∗ when the monopolist also attracts
sophisticated consumers; πNH∗ when the monopolist sells a high quality good to
naive consumers only; and πNL∗ when the monopolist sells a low quality good to
naive consumers only. We are now able to characterize the size of the measure of
naive consumers, θ, for which the monopolist is indifferent between selling a good
only to naive consumers and selling the good to all consumers.

From Case 1 we can see that the monopolist’s maximum profit when attracting
both consumer types becomes

πS∗ = qHI +R(wS, qH)− cH . (14)

The maximum profit in Case 2 can be written as

πNH∗ = θ
[
qHI + R̃(wNH , qH)− cH

]
. (15)

Finally, the maximum profit in Case 3 is

πNL∗ = θ
[
qHI + R̃(wNL, qL)− cL

]
. (16)

Therefore, the difference between the maximum profit in Case 3 and Case 2 can
be written as

πNL∗ − πNH∗ = θ
[
(R̃(wNL, qL)− R̃(wNH , qH))− (cL − cH)

]
. (17)

As long as this expression is positive, it is more profitable for the monopolist to sell
a low quality product to the naive consumers than a high quality product. Selling
the good to both sophisticated and naive consumers is at least as profitable as selling
to naive consumers only if πS∗ ≥ max{πNL∗, πNS∗}. From equations (14)-(16), this
can be written as

3Here, uniqueness for a maximum in this segment is neither required nor assumed.
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Figure 3: Profitability of different contract choices

qHI +R(wS, qH)− cH ≥ θ[qHI +max{R̃(wNL, qL)− cL, R̃(wNH , qH)− cH}.

Solving this for θ, we obtain our first Proposition.

Proposition 1. The monopolist prefers to sell to both consumer types rather than

to only naive consumers if and only if θ ≤ qHI+R(wS ,qH)−cH
qHI+max{R̃(wNL,qL)−cL,R̃(wNH ,qH)−cH}

.

Proof. In text.

Intuitively, the monopolist will only choose to sell to naive consumers if the in-
crease in the mark-up from selling only to naive consumers offsets the drop in demand
due to not selling to sophisticated consumers. Figure 3 shows how the choice of the
optimal contract is determined by the fraction of naive consumers θ. As explained
above, under some circumstances it will never be optimal for a monopolist to exploit
naive consumers’ quality misperceptions. This can be seen from the lower grey dot-
ted line IIIb. However, given θ is sufficiently high, a monopolist will always have
an incentive to exploit the consumers’ return cost misperceptions. This is because
the mark-up per consumer is always higher for the case of return cost exploitation
(dashed line II) compared to the case when all consumers sell the good. The mini-
mum θ threshold for which it is profitable to target naive consumers only results at
the point at which the highest curve when targeting naive consumers only intersects
with the flat curve I when targeting also sophisticated consumers.

We now give a numerical example.

4.3 Example

Example 1. Suppose sophisticated consumers believe that the return costs s are
uniformly distributed over 0 and 9, r ∼ U [0, 9], while naive consumers believe that
the return costs r̂ are distributed uniformly over 0 and 4, r̂ ∼ U [0, 4]. Therefore
F (r) = r

9
, r ∈ [0, 9], and F (s) = 1∀r ≥ 9. Analogously, F̃ (r) = r

4
, r ∈ [0, 4], and

F̃ = 1 ∀r ≥ 4. Let qH = 0.75, qL = 0.25; cH = 3, cL = 1, I = 8. From equation
(6), it follows that µ(γ) = 1 whenever F (w)w = w2

9
≥ cH−cL

qH−qL
= 4. It follows that the

weak inequality binds with strict equality if wS = 6. From equations (8) and (9), it
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follows similarly for naive consumers that µ̃(γ) = 1 whenever F̃ (w)w = w2

4
≥ 4. This

weak inequality binds with strict equality if wN = 4. From Claim 1, we know that no
contract can be more profitable when selling to both naive and sophisticated consumers

than the one specified by γ = (p, w) = (IqH +
∫ wS

0
F (r)dr, wS) = (6.5, 6), in which

case it is profitable for the monopolist to set q = qH . This yields an expected profit of
πS∗ = θ(p−cH−(1−qH)F (wS)wS = 2.5. When selling to naive consumers only, one
can see that the two first-order conditions (11) and (13) are weakly decreasing in the
warranty level w for the relevant ranges, i.e. for w ∈ [4, 6] in equation (13), and for
w ∈ [6,∞) in equation (11). Therefore, the optimal contracts when only attracting

naive consumers are given by γ = (p, w) = (IqH +
∫ wNL

0
F̃ (r)dr, wNL) = (6.5, 4)

when providing a low quality, and γ = (p, w) = (IqH +
∫ wNH

0
F̃ (r)dr, wNH) = (7, 6)

when providing a high quality. The profit in the former case case is πNL∗ = 41
6
θ,

and is thus higher than in the latter case with with πNH∗ = 3θ So it follows that
the monopolist rather sells to both consumer types whenever πS∗ ≥ πNL∗, which is
equivalent to θ ≥ 3

5
.

4.4 Discussion of the monopolist’s choice

Exploitation device As shown before, the monopolist will optimally pick the quality-
contract combination that yields the highest utility among all combinations located
in the three segments above. Only the first case yields a non-negative consumer
surplus. In this case, the sophisticated consumers’ correct evaluation of the good
saves the naive consumers from becoming exploited because of their false beliefs
about both the good’s quality and their return cost distributions. This is optimal
for the monopolist if the increase in demand due to also attracting the sophisticated
consumers compensates for the lower maximum profit per consumer when also tar-
geting sophisticates. When the monopolist chooses to attract only naive consumers,
depending on the profitability he has two choices: The first choice is to set a high
quality and a warranty level above wS in order to exploit naive consumers’ false be-
liefs about their return costs. This is similar to many overconfidence or self-control
models in the literature because consumers only mispredict their costs but not the
good’s quality.4 The second possibility for the monopolist is to make naive consumers
believe that the good is of high quality and thus charge a high price while producing
a good of low quality. In this case, the main form of exploitation works through
successfully selling a low quality product for the price of a high quality product,
while still exploiting false believes about consumer replacement costs.

As most Behavioral Industrial Organization models rely on exploitation through
pricing schemes, this usually works best through multi-period contracts, as for ex-
ample in gym contracts, or through hidden add-on prices not anticipated by some
consumers before consuming the good. Our model also has a multi-period character-
istic in terms of a possible future breakdown after purchasing the good which then
leads to a replacement stage of the game. However, the form of exploitation in the
second case does not arise from the pricing scheme, but from the warranty setting
through false signaling. In the two cases in which only the naive consumers buy the
good, their willingness to pay is below their “true” expected utility that takes into
account the correct return cost cdf F (w). Therefore, the consumer surplus in these
cases is negative, and the monopolist will benefit from it. In each case, sophisticated

4See for example DellaVigna and Malmendier (2004), or Eliaz and Spiegler (2006).
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consumers always earn 0 consumer surplus. Thus, naive consumers do not exert a
negative externality on sophisticated consumers.

Minimum assumptions on naiveté In order to establish that naive consumers mis-
perceive product qualities in the model, the baseline setting also requires that these
consumers do not condition their beliefs on the overall profitability of the firm. This
means that these consumers do not ask themselves whether the offered contract to
consumers is the profit-maximizing contract for a firm; but rather whether given the
consumers in the market, it makes sense for the firm to produce a high quality good
as compared to a low quality good.

Prices as signal for demand In our model, unless there is a strict money-return
policy, i.e. w = p, prices cannot signal quality. This is because the revenue from
prices a firm receives is irrespective from the probability of a product breakdown.
This in turn implies that the compensatory warranty payment in case of a breakdown
is the sole channel for signaling the product quality.

5 Oligopoly

We will present two different oligopoly settings. In the first one, firms set their con-
tracts and quality levels simultaneously. In the second one, firms set their contracts
and qualities sequentially. Similar to the monopoly setting, in both settings all firms’
qualities are unobservable to all consumers. After the firms have set their contracts
and quality levels, consumers observe all contracts and make inferences about each
firm’s quality level. We will now focus on the consumers’ decision making in more
detail.

5.1 Consumers’ contract choices

After all firms have set their contracts, the consumers observe all contracts Γ =
(γ1, .., γM) and can choose whether to buy one unit of one of the M products. For
each contract γi, consumers assign beliefs about the firm i producing a product
of high quality. Denote µ = (µ1, .., µM) the vector of beliefs of the sophisticated
consumers about the probability of each firm being of high quality. Analogously,
denote µ̃ = (µ̃1, .., µ̃M) the vector of beliefs of naive consumers about the probability
of each firm being of high quality. Given the beliefs about the quality of each
product conditional on the contracts observed, a consumer chooses the contract that
maximizes her utility if this utility is non-negative. In case K ≤ M products give
her the highest expected non-negative utility, she chooses all firms with probability
1
K

. In the case that a consumer has bought a good that breaks down, she can decide
to take the good back to the producer in order to claim her warranty payment. She
will do so if the warranty payment is at least as high as her return costs, i.e. if
wi ≥ r. The utility of a sophisticated consumer when consuming firm i’s good of
quality qi ∈ {qH , qL} can be written as

Vi(qi, γi) = qiI − pi + (1− qi)
∫ wi

0

[wi − r]f(r)dr. (18)
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The predicted utility for a naive consumer of consuming one unit of firm i’s product
can be written as

Ṽi(qi, γi) = qiI − pi + (1− qi)
∫ wi

0

[wi − r]f̃(r)dr. (19)

Therefore, after having observed all contracts Γ = (γ1, .., γM), a consumer’s willing-
ness to pay for a good i ∈ {1, ..,M}, Ui(µ(Γ), γi), can be written as

Ui(µ(Γ), γi) = µi(Γ)Vi(qH , γi) + (1− µi(Γ))Vi(qL, γi). (20)

Similarly, a naive consumer’s willingness to pay for good i can be written as

Ũi(µ̃(Γ), γi) = µ̃i(Γ)Ṽi(qH , γi) + (1− µ̃i(Γ))Ṽi(qL, γi). (21)

We will now focus on the firms’ demand and profit functions.

5.2 Firms’ maximization problem

We define the set of M firms {1, ..,M} ≡ M. For a firm i ∈ M, denote the set of
its competitors M−i ≡ M\{i}. The demand of sophisticated consumers for firm i’s
product given the set of contracts Γ and beliefs µ(Γ), Di(Γ, µ(Γ)), then becomes

Di(Γ, µ(Γ)) =



1− θ, if Ui(µ(Γ), γi)) > Uj(µ(Γ), γj)∀j ∈ M−i and Ui(µ(Γ), γi) ≥ 0
1−θ
K
, if Ui(µ(Γ), γi)) ≥ Uj(µ(Γ), γj)∀j ∈ M−i, Ui(µ(Γ), γi)) = Uj(µ(Γ), γj)

for K − 1 different j ∈ M−i and Ui(µ(Γ), γi) ≥ 0

0, if Ui(µ(Γ), γi)) < Uj(µ(Γ), γj) for at least one j ∈ M−i

or if Ui(µ(Γ), γi) < 0.

The demand of naive consumers for firm i’s product given the contracts Γ and
beliefs µ̃(Γ) = (µ̃i(Γ), µ̃M−i(Γ)) , D̃i(Γ, µ̃(Γ)), turns to

D̃i(Γ, µ̃(Γ)) =



θ, if Ũi(µ̃(Γ), γi)) > Ũj(µ̃(Γ), γj)∀j ∈ M−i and Ũi(µ̃(Γ), γi) ≥ 0
θ
K
, if Ui(µ̃(Γ), γi)) ≥ Uj(µ̃(Γ), γj)∀j ∈ M−i, Ui(µ̃(Γ), γi)) = Uj(µ̃(Γ), γj)

for K − 1 different j ∈ M−i and Ui(µ̃(Γ), γi) ≥ 0

0, if Ui(µ̃(Γ), γi)) < Uj(µ̃(Γ), γj) for at least one j ∈ M−i

or if Ui(µ̃(Γ), γi) < 0.

Therefore, given these demand functions, firm i’s profit function becomes

πi(Γ, µ, µ̃, qi) = [Di(Γ, µ(Γ)) + D̃i(Γ, µ̃(Γ))](pi − c(qi)− (1− qi)F (wi)wi). (22)

Firm i’s profit maximization problem can thus be written as

maxγi,qiπi(Γ, µ, µ̃, qi) s.t. (pj, γj) ∈ arg maxγj ,qj πj(Γ, µ, µ̃, qj) ; ∀j ∈ M−i. (23)

Next, we focus on the consumers’ belief structure.

5.3 Belief structure

Similar to the monopoly case, we impose an equilibrium refinement in which con-
sumers’ beliefs follow the producers’ dominant actions, with the convention that
when producers are indifferent between producing a high or a low quality product,
consumers believe that the firm produces a high quality product. Furthermore, we
require the beliefs of the sophisticated consumers to be true in equilibrium, and those
of naive consumers to be true under the hypothetical situation that their expected
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distribution of return costs is their true distribution of return costs. Thus, sophis-
ticated consumers’ beliefs about firm i ∈ {0, 1} delivering a high quality product,
µi(Γ), can be written as

µi(Γ) =

{
1, if wi ≥ wS

0, if wi < wS
(24)

Given the set of contracts, Γ, from all firms in the market, including contract γi
for firm i, a naive consumer’s belief about firm i ∈ M−i being of high quality, µ̃i, will
be of the following form:

µ̃i(Γ) =

{
1, if wi ≥ wN

0, if wi < wN
(25)

.

5.4 Simultaneous contract setting

We first make some useful definitions. Recall the optimal warranty levels for the
three different cases from the monopoly section, wNL, wS, and, wNH . Regarding
multiplicity of maxima in each segment, wNL and wNH will now always refer to the
smallest of these warranty levels, respectively. We now define the sum of marginal
costs of production and expected warranty payments of a firm as its quasi-marginal
costs: ĉNL ≡ cL+(1−qL)F (wNL)wNL; ĉS ≡ cH +(1−qH)F (wS)wS; ĉNH ≡ cH +(1−
qH)F (wNH)wNH . Furthermore, we define Λ as the difference in a naive consumer’s
predicted utility of consuming a product with warranty level wNH priced at quasi-
marginal cost and of consuming a product with warranty level wNH priced at quasi-

marginal costs: Λ ≡ Ũ(ĉNH , w
NH)−Ũ(ĉNL, w

NL) = cH−cL−(1−qH)
∫ wNH

wNL
F̃ (r)dr−

(1− qL)F (wNL)wNL + (1− qH)F (wNH)wNH .
When there are at least 4 firms in the market, we can show that there will always

exist an equilibrium in which all firms make zero profits. This is because given our
belief refinement, in such a case Bertrand competition in both the segment for naive
and the one for sophisticated consumers drives prices down.

Proposition 2. Let M ≥ 4. Then there always exists a pure strategy equilibrium in
which at least two firms set γS = (pS, w

S) = (ĉS, w
S) and q = qH , and

i) if Λ < 0, at least two firms set γNL = (pNL, w
NL) = (ĉNL, w

NL) and q = qL
ii) if Λ ≥ 0, at least two firms set γNH = (pNH , w

NL) = (ĉNH , w
NH) and q = qH .

All sophisticated consumers will buy a product that maximizes their utility, while all
naive consumers will not.

Proof: See Appendix.
Proposition 2 implies that no matter how big the fraction of naive consumers in

the market, if there are at least 4 firms in the market, competition will lower the
price for all goods down to zero profits for all firms, while also providing an inefficient
product choice for naive consumers. This follows again from the wrong inferences
consumers make from the warranties. Intuitively, Bertrand competition drives prices
down to the quasi-marginal costs.

If less than 4 firms are present in the market, there is the problem that for many
parameter constellations there does not necessarily exist an equilibrium in which all
firms set contracts simultaneously. Here, due to the existence of naive consumers,
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competition does not immediately move prices down to 0 profits for the firms. Given
one firm sets a high warranty level and prices such that its profits are close to zero, the
other firm has an incentive to set a warranty level such that only naive consumers
believe the good is of high quality with a lower price than the good of the other
firm, and earn a positive profit. In order to overcome these problems, we will now
look at a variant of the game, in which firms set their contracts and qualities not
simultaneously.

5.5 Sequential contract setting

If firms set their contracts sequentially, each firm has to take into account its follow-
ers’ strategies when setting its own contract and product quality. When there are
only two firms in the market, they will both always make positive profits. This is
because of the existence of two different consumer types, namely sophisticated and
naive consumers. This ensures that the first firm can always set a price above its
quasi-marginal costs, for which it makes sense for the second firm not to undercut,
but rather to fully serve only one consumer type. This leads to our next proposition.

Proposition 3. If M = 2, then in each equilibrium of the sequential contract setting
game, both firms will make positive profits, and the following firm’s profits are at least
as high as the leading firm’s profits.

Proof: See Appendix.
If there are more than two firms in the market, then there is the problem of a

potential multiplicity of equilibria. We will restrict our analysis to cases in which all
firms in the market will have a positive market share. Under this restriction, there
always exist two types of equilibria. In the first equilibrium type, all firms set prices
equal to their quasi-marginal costs, and naive consumers always choose a non-utility
maximizing contract. In the second equilibrium type, the first M − 1 firms all set
the same contract, in which they set prices equal to quasi-marginal cost, which is the
optimal contract for one consumer type. Firm M then sets a price above marginal
cost and attracts the other consumer type. Only if firm M serves sophisticated
consumers in such an equilibrium, all consumers make utility-maximizing choices.
We sum this up in the next proposition.

Proposition 4. If M ≥ 3, then in all equilibria in which all firms have positive
market shares, at most firm M makes positive profits. In case firm M makes no pos-
itive profit, this is sufficient for all naive consumers to make non-utility maximizing
choices.

Proof: See Appendix.
All in all, this section has shown that competition will lower prices, but will often

not prevent all consumers from making non-optimal decisions. In the sequential
setting, if there are only 2 firms in the market, it might still be possible that naive
consumers pay more for the good than their true willingness to pay.

6 Extensions

Money return policies A common form of warranties are money return policies,
in which case w = p. This puts some restrictions on the warranty-price relation-
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ship. Interestingly, depending on the magnitude of IqH , it will now never be op-
timal for the monopolist to exploit naive consumers’ quality misperceptions. This
is because offering a high quality product is optimal for the monopolist as soon as
IqH + F̃ (w)Ẽ[p− r|p > r] ≥ F (p)p ≥ cH−cL

qH−qL
. Under Assumption 1, this will always

hold. Without the w = p restriction, it is always possible for the monopolist to set
a warranty level just high enough to (falsely) signal a high quality product to naive
consumers, while extracting the willingness to pay by setting a high price. When
also aiming the good at sophisticated consumers, the w = p restriction also decreases
the overall welfare. This is because once p > wS, which will always be the case, there
will be a welfare loss due to the increase in return cost frictions. When exploiting
consumers’ return cost misperceptions only, the monopolist’s profits might also fall
compared to the case when w = p does not hold. This is because the monopolist now
has to steer the extraction of the consumer rent and to set a price as to maximally
distort consumers’ beliefs through the same channel.

Rebates We now show that once there is no uncertainty about product qualities, our
model can be used to explain the existence of money-return rebate policies. Because
of the quality certainty, a consumer is always willing to pay a total amount I for a
good. When facing sophisticated consumers only, the contract γ = (p, w) = (I, 0)
will always be optimal. However, when facing naive consumers only, the optimal
contract can be written as γ = (p, w) = (I + F (w)Ẽ[w − r|w > r], w), where
w ∈ arg maxwI + F̃ (w)Ẽ[w − r|w > r] − F (w)w. The optimal warranty level w
therefore maximizes the term

∫ w

0
F̃ (r)dr − F (w)w. This arises because by offering

a coupon worth w, the monopolist can increase the base price of the good, while
exploiting the naive consumers’ false predictions about the propensity to return
a good. Furthermore, if the monopolist is able to offer a variety of contracts to
consumers, he can set both of the above contracts in order to maximize his profits.
This is because the contract targeted towards sophisticated consumers includes no
coupon payment. Therefore, both naive and sophisticated consumers have the same
valuation for the good, and only disagree in their valuation for the “coupon-contract”.
This is not an optimal strategy for the earlier sections in which the monopolist has
to signal a high quality to sophisticated consumers by offering a warranty payment.

Other potential reasons for consumer misperceptions There are several channels
through which consumer misperceptions can be modeled. Inderst and Ottaviani
(2009) model a relationship between a financial advisor and a private investor in
which granting a cancellation right to consumers can increase a seller’s credibility in
a cheap talk game. In contrast to our model, naive consumers in their model will
always believe every advice the seller gives them, leading the seller always claiming
that a product is the most suitable for a consumer. Thus, a consumer’s key concern
in their model is the suitability of a product to the individual taste, which amounts
to horizontal product differentiation rather than vertical product differentiation as in
our model. Another way how to view our model would be that the naive consumers do
not see some hidden warranty return costs, such as a consumer’s shipping costs if she
wants to return the product. These shrouded costs would lead to an overestimation
of a warranty, which would then also cause a misperception of product qualities. This
kind of consumer myopia would be similar to Gabaix and Laibson (2006), although
it would furthermore incorporate a quality aspect.
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Without Intervention w ≥ wS Change due to Intervention
ΠNL > ΠS > ΠNH ΠS no more exploitation
ΠNL > ΠNH > ΠS ΠNH now return cost exploitation
ΠNH > ΠNL > ΠS ΠNH no change
ΠNH > ΠS > ΠNL ΠNH no change

Table 1: Effects of introduction of a minimum warranty level

Rationalizing a low-quality good purchase Another question is how it might be ra-
tional for a consumer to purchase a low-quality good. Given the actual preferences
for quality, this cannot be possible, because the price “naive” consumers pay for a
low-quality good exceeds their valuation for it. However, so far we have only as-
sumed uniform preferences for high qualities. Let us now assume that preferences
with respect to qualities are differentiated, and that for some part of the consumers,
the added utility from higher quality does not offset the increase in marginal costs.
If the share of those consumers in the population is sufficiently high, then it can
make sense for a firm to offer a low quality product and for consumers to rationally
buy it.

Consumer policy intervention: minimum warranty level In the monopoly case, it
should be obvious that a policy intervention in terms of a minimum warranty level
wmin ≥ wS can only be useful if the monopolist is selling to naive consumers only,
and produces a low quality. However, even in such a case it might not prevent naive
consumers from becoming exploited. This is because of the existence of two different
exploitative equilibria. If it is most profitable to sell a low quality to naive consumers
in equilibrium, but it is also more profitable to sell high quality goods to naive
consumers only compared to selling high quality goods to all consumers, then such a
policy intervention will not be sufficient to prevent exploitation of naive consumers.
Assume there would be such a minimum imposed warranty level wmin ≥ wS. A
firm could now try to artificially increase a consumer’s return costs, for example
by not paying the shipment costs, which is something that can easily be shrouded.
Paradoxically, this behavior could rationalize the purchase of a low quality good
with a medium warranty, whenever a consumer’s preference with respect to quality
is sufficiently low. Table 1 sums up the changes from such a consumer intervention
when the monopolist had initially been targeting naive consumers only.

Differentiated tastes for quality in oligopoly Assume now that there is a further
differentiation in the market. Besides having both sophisticated and naive consumers
in the market, now a fraction α of consumers has preferences u(q)I for consuming a
product of quality q. We will refer to these consumers as low preference types, and
to the others as high preference types. The probability of being a naive consumer
is furthermore independent of being a low or high preference type. Assume further,
that (qH−qL)I > ĉS−cL > [u(qH)−u(qL)]I. In such a case, one can show instances in
which a policy intervention in terms of a minimum warranty level will be harmful to
some consumers. If the number of firms is sufficiently high, then there always exists
an equilibrium in the simultaneous contract setting game in which sophisticated low
types will buy a low quality good without any warranty offered. Imposing a minimum
warranty level wmin = wS will then have two detrimental effects: Because all firms
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will then offer high product qualities in the market, naive high types are better off
because of the intervention. However, low preference consumers will lose from such
a policy intervention. Therefore, if the fraction of low preference consumers in the
population is sufficiently high, then such a policy intervention will reduce overall
consumer surplus.

7 Discussion

The main objective of this paper has been to formalize an economic model that
captures several traits with respect to consumers’ return behaviors and quality mis-
perceptions. The presented evidence in section 2 suggests that return costs play a
significant role in the consumers’ complaint behavior. We have shown that wrong
inferences about a firm’s quality, which increases the consumer’s willingness to pay
in the buying period, can lead to consumer exploitation by firms once the share of
naive consumers is sufficiently high. Consumer policy interventions in terms of a
minimum warranty payment can prevent firms from selling low quality products.
However, this will not always stop consumers from becoming exploited by overpay-
ing for an excessive warranty contract. Competition always decreases prices for the
goods in the market. However, this does not crowd low quality goods out of the
market, and naive consumers will often not buy their most suitable product. Note
that the implications of our model are also in line with some specific formalized
psychological biases. One example is the concept of projection bias, which was in-
troduced by Loewenstein, O’Donoghue, and Rabin (2003). Projection bias describes
situations in which people fail to fully project their future taste changes relative to
their current taste. In our case one could think of different states as instances in
which consumers are either “active” with respect to both the purchase or return of
a good, or instances in which they are “inactive”, and thus have higher return costs.
Therefore, if consumers always buy in an active state, they will on average put too
much weight on low return cost events, and are thus also susceptible to exploitative
contracts.

We have shown that in a differentiated oligopoly, consumer policy interventions
can hurt overall consumer welfare because of forcing consumers with a low preference
for quality to consume high quality goods. This already shows a potential problem a
decision-maker faces when using behavioral models such as ours for policy purposes.
Even though consumer protection policies might prevent some consumers from mak-
ing mistakes, it can have adverse effects on other people because of restricting their
choices. Therefore, any such policy should be implemented with caution, and only
after weighting its advantages and disadvantages.

There are some important open questions that we have not addressed in this
paper. Firstly, it is of importance to understand to what extent consumers will
learn from previous bad experiences. Agarwal et al. (2008) for example study how
consumers’ behavior changes after having to pay overlimit or cash advance fees in
a certain month. They find that shortly after such an incident, consumers will
avoid paying such fees by changing their behavior, but that in later months, they
will fall back into old manners and eventually pay higher fees again. Secondly, we
have not focused much on interactions between different consumers. We believe
that interactions between consumers, such as leadership of some consumers, or the
presence of network effects or scale economies might yield further insights into the
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determining forces in markets that are susceptible to consumer misperceptions.
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A Appendix

Proof of Proposition 2

Proof. Define a strategy si of a firm i as the triple (pi, wi, qi). We first consider
the case Λ ≥ 0. We show first that when M=4, there exists an equilibrium in
which two firms play the strategy sS ≡ (ĉS, w

S, qH), all sophisticated consumers
buy from these firms, two firms play the strategy sNH ≡ (ĉNH , w

NH , qH), and all
naive consumers buy from these firms. From our belief refinements it follows that
sophisticated consumers assign belief µi = 1 about firm i’s product quality as long
as wi ≥ wS. From Claim 1 and Assumption 1 it follows that the utility maximizing
contract for a sophisticated consumer includes a warranty level wS, which signals a
high quality level qH . Because ĉS is already the quasi-marginal costs for a firm that
produces a high quality product with warranty level wS, it follows that no firm can
profitably deviate to attract sophisticated consumers by playing a strategy different
from sS, which yields 0 profits. Similarly, per definition, if Λ ≥ 1, a contract that
maximizes a utility of a naive consumer includes the warranty level wNH , which also
implies the production of a high quality level for a firm. Because ĉNH is also the
quasi-marginal cost of a firm offering such a contract, it follows that no firm can
profitably deviate in order to attract naive consumers by setting a contract that is
different from the contract sNH , which also yields 0 profits. Because both sS and
sNH yield 0 profits, it thus follows that no firm can profitably deviate. Assume now
that M > 4. Then, once at least 2 firms play the strategy sS, and two firms play the
strategy sNH , then it follows again that no firm can profitably attract any consumer
type by setting a different contract.

Now consider the case Λ ≤ 0. We show next that when M=4, there exists an
equilibrium in which two firms play the strategy sS ≡ (ĉS, w

S, qH), all sophisticated
consumers buy from these firms, two firms play the strategy sNL ≡ (ĉNL, w

NL, qL),
and all naive consumers buy from two of these firms. The proof goes similar to the
proof for Λ ≥ 0. Again, in such a situation, it follows from Claim 1 and Assumption
1 that no firm can profitably attract sophisticated consumers by setting a strategy
different to sS, which yields exactly 0 profit. Per definition, if Λ ≥ 1, a contract that
maximizes a naive consumer’s predicted consumption utility includes the warranty
level wNL, which also implies the production of a low quality level qL for a firm.
Because ĉNL is also the quasi-marginal cost of a firm offering such a contract, it
follows that no firm can profitably deviate in order to attract naive consumers by
setting a contract that is different from the contract sNL, which yields exactly 0
profits. Because both sS and sNL yield 0 profits, it thus follows that no firm can
profitably deviate. Assume now that M > 4. Then, it follows again that once at
least 2 firms play the strategy sS, and two firms play the strategy sNL, then no
firm can profitably attract any consumer type by setting a different strategy. This
completes the proof.

Proof of Proposition 3

Proof. We denote the firm that sets its contract first as firm 1, and the second firm
as firm 2. Recall first, that per definition,
1.) U(ĉS, w

S) > U(ĉNH , w
NH) and 2.) Ũ(ĉS, w

S) < Ũ(ĉNH , w
NH). From this, it

follows that ∀θ ∈ (0, 1)∃ p1, > ĉS s.t.
∃p2 s.t.
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1. U(p1, w
S) > U(p2, w

NH)

2. and Ũ(p2, w
NH) > Ũ(p1, w

S)

3. and θ(p2 − ĉNH) ≥ (p1 − ĉS).

Therefore, there exists a strategy (p1, w
S, qH) with a price p1 for which firm 1 can

ensure strictly positive profits. But since the game is sequential and only has two
stages, it thus follows that firm 1 can always ensure positive profits. Next, we show,
that firm 2’s profits in equilibrium must be at least as high as firm 1’s profits in
equilibrium. Suppose not. Then firm 2 can always just slightly undercut firm 1’s
price while setting same warranty level and product quality and therefore having a
higher profit than firm 1, which is a contradiction. This completes the proof.

Proof of Proposition 4

Proof. In the following, we will denote the ith firm to set its contract and product
quality as firm i. Consider M=3, and Λ > 0. We firstly show that in this case, player
1 will never make positive profits. Assume the contrary. Then it follows that one
of the followers either will make 0 profit or set the identical contract. Furthermore,
it follows that player 1’s strategy s1 /∈ {(ĉS, wS, qH), (ĉNH , w

NH , qH)} ≡ S∗1 . Focus
now on firm 3. Given strategy s1 of firm 1 and s2(s1) of firm 2 such that it makes
non-negative profits, if s1 /∈ S∗1 , this already implies that firm 3 can make positive
profits, because at least one consumer segment, i.e. naive or sophisticated consumers,
does not face a price equal to quasi-marginal costs. Therefore, by undercutting one
of the two predecessors in terms of price while setting the same warranty level, it
can ensure a positive profit. Focus now on firm 2. As long as s1 /∈ S∗1 , from the
proof of Proposition 3 we know that firm 2 can now always set a contract s2 /∈ S∗1 ,
such that firm 3 will set a different warranty level and firm 2 thus makes positive
profits. However, in this case it can never be optimal for firm 2 to set s2(s1) = s1.
Suppose s1 = (p1, w1, q1) is such that s2(s1) = s1 would ensure firm 2 and firm 1
positive profits. In such a case, firm 2 can strictly increase its profits by playing
the strategy (p1 − ε, w1, q1), where ε is infinitesimally small. Therefore, firm 1 can
never make a positive profit. Thus, it follows, that the only possibility for firm 1
of having a positive market share is whenever s1 ∈ S∗1 . Denote such a strategy as
s∗1. But from a backward induction argument it then follows that for firm 2 to have
a positive market share, s∗2(s∗1) ∈ S∗1 . Otherwise, firm 3 could always profitably set
a contract such that firm 2 would have 0 demand. But then it follows, that there
are only 2 different types of equilibria. Whenever s∗1 6= s∗2(s∗1), it follows that firm
3 will only have a positive market share without making negative profits whenever
s3(s∗2(s∗1)) ∈ S∗1 . In such a case, all sophisticated consumers will buy a contract
with warranty level wS at the price of the quasi-marginal costs ĉS, and all naive
consumers will buy a contract with warranty level wNH at the price of the quasi-
marginal costs ĉNH , which is clearly not utility maximizing. On the contrary, if
s∗2(s∗1) = s∗1, then it follows again from the proof of Proposition 2 that firm 3 can
play a strategy s3(s∗2(s∗1)) /∈ S∗1 that ensures a strictly positive profit. Now suppose
that s∗1 = s∗2(s∗1) = (ĉNH , w

NH , qH) Then it follows that firm 3 will maximize its
profits by setting w = wS, and p3 s.t. U(p3, w

S, qH) = U(ĉNH , w
NH , qH). In such a

case it follows that naive consumers will make profit maximizing choices.
Now suppose that M > 3. From a simple induction argument it follows again that
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firm 1 will never be able to make positive profits in equilibrium. Conditional on firm
1 playing strategy si ∈ S∗1 , it then follows that all firms i ∈ {2, ..,M−1} then always
have to play strategies si(s

∗
1, ...s

∗
i−1) ∈ S∗1 in order to have a positive market share

without having negative profits.
The proof for Λ ≤ 0 goes analogously, now with S∗1 ≡ {(ĉS, wS, qH), (ĉNL, w

NL, qL)}.
This completes the proof.

A.1 Different beliefs for naive consumers

Naive consumers only underestimate their own return costs It is furthermore neces-
sary to define the consumers’ beliefs about the other players’ warranty return costs.
Sophisticated consumers correctly believe that all consumers have the return cdf
F (r). Naive consumers are aware of the beliefs of the sophisticated consumers, and
also believe that sophisticated consumers have the return cost distribution F (r).
However, they disagree with the sophisticated consumers in that they believe that
their own return cost distribution is F̃ (r). Furthermore, both consumer types think
that the monopolist’s belief about the cost distribution is the same as their own.
This therefore results in two “agreements to disagree”, one between both consumer
types, and one between the naive consumers and the monopolist. Such agreements
to disagree are present in several exploitative contracting models, see for example
Eliaz and Spiegler (2006).

Note however that if a naive consumer believes that also sophisticated consumers
will buy the good for a w with wN ≤ w < wS, a naive consumer will only believe
that the good is of high quality if the fraction of naive consumers is sufficiently high
compared to the fraction of sophisticated consumers, because the naive ones know
that at such a warranty level the sophisticates believe that the good is of low quality.
Recall that the naive consumers (falsely) think that the monopolist shares the same
belief about the true naive consumers return cost cdf, F̃ . Under the assumption
that these are the true return costs, it would be unprofitable for a firm to set a low
quality level given a warranty level bigger or equal than wN when only selling to
naive consumers.

Therefore, given a contract γ from the monopolist, a naive consumer’s belief µ̃
will be of the following form:

µ̃(γ) =


1, if w ≥ wS

1, if wN ≤ w < wS and U(µ(γ), γ) > 0 and Condition 1 is satisfied

0, if wN ≤ w < wS and U(µ(γ), γ) > 0 and Condition 1 is not satisfied

0, if w < wN ,

(26)

where Condition 1 says that given demand D + D̃,

(D + D̃)[p− (1− qH)(DF (w)w + D̃F̃ (w)w)− cH ] ≥
(D + D̃)[p− (1− qL)(DF (w)w + D̃F̃ (w)w)− cL].

Therefore, we again use the convention that if a monopolist is indifferent between
producing with high or with low quality, the naive consumers believe that the monop-
olist is producing with high quality. The first line of equation (9) refers to the case
for which the warranty level is so high as that also sophisticated consumers believe
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that it is more profitable for the monopolist to produce a high quality good. The
second line refers to the case in which sophisticated consumers infer a low quality
from the contract offered, but still have a non-negative consumption utility. Because
naive consumers have the same and correct belief about the sophisticated consumers’
return cost distribution, they also infer that the sophisticated consumers think the
good is of low quality. However, given naive consumers’ beliefs about their own
return cost distribution, when Condition 1 holds they believe that it is still more
profitable for the monopolist to produce a high quality good than a low quality
good. The third line present the opposite case, while in the fourth line the warranty
level is so low that also the naive consumers believe that it is always a dominant
strategy for the monopolist to produce a low-quality good.

As in the monopoly case, naive consumers’ beliefs do not depend solely on the
warranty for the good but also on the perceived demand from the sophisticated
consumers. In a case in which a firm sells a product to both sophisticated and
naive consumers, naive consumers will only believe that this firm will produce with
high quality if this is optimal given the return cost functions for both naive and
sophisticated consumers. Recall that this is because also naive consumers believe
that sophisticated consumers will always believe that the good is of low quality as
long as w < wS. Therefore, given the set of contracts Γ from all firms in the market,
including contract γi for firm i, a naive consumer’s belief about firm i being of high
quality, µ̃i, will be of the following form:

µ̃i(Γ) =


1, if wi ≥ wS

1, if wN ≤ wi < wS and Condition 2 is satisfied

0, if wi < wN

0, if wN ≤ wi < wS and Condition 2 is not satisfied,

(27)

where Condition 2 implies that given demand Di + D̃i,

(Di + D̃i)[pi − (1− qH)(DiF (wi)wi + D̃iF̃ (wi)wi)− cH ] ≥
(Di + D̃i)[pi − (1− qL)(DiF (wi)wi + D̃iF̃ (wi)wi)− cL].

Analogous to Condition 1 in the monopoly case, Condition 2 states that given firm
i’s demand from both sophisticated and naive consumers, from a naive consumer’s
point of view it is more profitable for firm i to produce a high quality good than to
produce a low quality good.
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