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Abstract

This paper studies sequential price discrimination of sophisticated present-biased con-
sumers in the credit market. The optimal contract utilizes present bias to improve screen-
ing by inducing certain consumers to over-consume and over-accumulate debt without
the presence of naiveté. This shows that the optimal contract can have seemingly ex-
ploitative features that cause certain consumers to experience ex-post welfare losses even
when they are sophisticated. This has important policy implications. If the intention of
firms is to screen and not exploit consumers, then financial regulations aimed at protect-
ing consumers by eliminating seemingly exploitative features could introduce additional
distortions. I also analyze the optimal contract for naı̈ve consumers. The main difference
between contracts for sophisticated and naı̈ve consumers is the lack of a commitment
mechanism in exploitative contracts, while the presence of teaser rates, late fees or over-
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1 Introduction

Several recent studies in behavioral economics have focused on exploitative contracts
that take advantage of non-sophisticated consumers with features, such as teaser rates,
back-loaded late fees or overdraft fees.1 These features are considered exploitative, be-
cause consumers would have rejected these contracts if they were sophisticated. How-
ever, it is unclear whether similar features exist in optimally designed contracts for so-
phisticated consumers. If certain aspects of a contract are meant to take advantage of
consumers’ incorrect beliefs, then there may be sound reason to argue for regulatory
oversight. On the other hand, if similar aspects can emanate from the screening of so-
phisticated consumers, then the case for government intervention is weaker.

This article departs from the literature by examining the optimality of seemingly ex-
ploitative features, such as teaser rates, in contracts for sophisticated agents. I exam-
ine the monopolist screening problem where sophisticated present-biased consumers se-
quentially learn their demand. In particular, I focus on the design of unsecured credit
contracts.2 Credit contracts are signed when consumers only have an informative signal
of their demand. After demand is realized, consumers choose the level of consumption
based on the contract they selected, while payment is due in the future. Present-biased
consumers over-consume, because they under-weigh the cost of payment.

The main result of this article shows that credit contracts can have seemingly exploita-
tive features even when agents are sophisticated in a sequential screening setting. A firm
sequentially price discriminates present-biased consumers more efficiently by introduc-
ing such features. The optimal contract induces consumers with low expected demand
but high realized demand to over-consume and over-accumulate debt. This deters con-
sumers with high expected demand from mimicking consumers with low expected de-
mand, since they are more likely to end up with higher demand. It is important to point
out that sophisticated consumers sign the contract with knowledge that it may lead to
losses in the future. This is in contrast to exploitative contracts, where sophisticated con-
sumers would have rejected the contract.

This paper considers the sequential screening environment, because it is particularly
suited for the study of credit contracts. There are two main reasons for this. First, borrow-
ers do not usually know how often they need to access credit in the near future, but they

1Several papers have demonstrated this following Gabaix and Laibson (2006) using consumer unaware-
ness. Others, such as Eliaz and Spiegler (2006) and Heidhues and Koszegi (2010), have highlighted how
these features exploit misspecified beliefs.

2Unsecured credit contracts include credit cards, payday loans and bank overdrafts, which are often
used by liquidity-constrained consumers.
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typically know the possible frequency from past spending habits. Second, if sophisticated
present-biased consumers know their exact demand when selecting a contract, then pre-
fect price discrimination can be implemented with off-equilibrium-path threats (Esteban
and Miyagawa, 2005). This stark result shows that despite the presence of asymmetric
information, without sequential price discrimination, the screening problem is de facto
complete information. As a result, a rigorous study of how creditors sequentially screen
present-biased debtors is vital for the understanding of credit provision.

The sequential mechanism highlights how the firm utilizes the consumers’ present
bias to elicit their private signal in the contracting stage. Consider an environment with
two signals: high and low. A high signal implies higher demand is more likely in the
future. If consumers tend to misrepresent their signals downwards, the firm price dis-
criminates by distorting the consumption of low-signal consumers downwards for small
realized demand, which is standard. However, the consumers are also aware of their
temptation to over-consume in the future. The firm can further decrease the information
rents of high-signal consumers by distorting the consumption of low-signal consumers
upwards for large realized demand. This can be interpreted as providing commitment to
high-signal consumers, because if they had selected the contract for low signals, then they
will likely end-up over-consuming and over-accumulating debt.

As an extension, I also address a technical issue in dynamic contracting with present-
biased consumers and a continuum of signals. By taking advantage of consumers’ present
bias, the optimal consumption may not be monotonically increasing with respect to the
signal. As a result, local incentive compatibility does not usually imply global incentive
compatibility at the contracting stage, and I provide a condition such that it does.

The optimal credit contract can be implemented naturally with teaser rates, which
are often considered exploitative. I show that the marginal price for high-signal con-
sumers is lower for small loans but much higher for bigger loans. On the other hand, the
marginal price for low-signal consumers exhibits the opposite phenomenon. For high-
signal consumers, the lower marginal price for small loans acts as a teaser rate and the
higher marginal price for big loans is akin to a commitment device. I also demonstrate
the implementation of late fees and overdraft fees using a similar reasoning.

Since features that are exploitative for naı̈ve agents could actually decrease the cost
of screening sophisticated agents, this paper provides novel insights on policy and high-
lights a new cost to financial regulations. Policymakers have been advocating for regula-
tions to protect consumers from potentially harmful financial contracts. For example, the
Credit Card Accountability, Responsibility and Disclosure act of 2009 (Credit CARD act of
2009) was passed with bipartisan support in US Congress. The Credit CARD act placed
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restrictions on teaser rates, late fees and overdraft limits. To assess these regulations, I
characterize the optimal regulations that increase consumer welfare. Then, I demonstrate
that some of the current regulations are targeting contractual features that facilitate the
provision of credit.

Finally, I show that the main difference between contracts for sophisticated and naı̈ve
consumers is the lack of commitment devices in exploitative contracts. I examine the op-
timal contract for naı̈vely present-biased consumers and demonstrate how creditors can
exploit the consumers’ misprediction of their future behavior. I find that exploitative con-
tracts induce over-consumption for all agents and over-charges for the provision of credit,
because commitment mechanisms are absent. Another difference is that exploitative con-
tracts do not screen the signals. In other words, the firm offers the same contract for all
naı̈ve consumers regardless of expected demand, so the mechanism is essentially static.

This paper is related to the behavioral contracting literature. The recent research
on contracting with non-sophisticated time-inconsistent consumers has yielded several
new insights. Spiegler (2011) and Koszegi (2014) provide overviews of the exploitative
contracting literature. In contrast, this paper focuses on sophisticated time-inconsistent
consumers. Some papers have examined optimal contracts with sophisticated time-
inconsistent consumers. Esteban and Miyagawa (2005) examines an optimal non-linear
pricing model of sophisticated consumers with self-control and temptation preferences,
á la Gul and Pesendorfer (2001). They find that despite the consumers having unob-
servable tastes, a firm is able to perfectly price discriminate when consumers’ preference
reversal is in a certain direction by using off-path threats. The use of off-path threats
has been explored in other papers (Galperti, 2015; Bond and Sigurdsson, 2017; Yu, 2018).
In particular, Galperti (2015) also examines a sequential screening environment where a
provider of commitment devices initially screens time consistency before screening taste
shocks. Galperti (2015) shows how off-path threats can be used when the range of pos-
sible marginal valuation of consumption varies among different levels of time inconsis-
tency. This paper analyzes a sequential screening environment where agents share the
same degree of present bias, so the range of marginal valuation of consumption is the
same for all agents. Thus, off-path threats are not helpful in this paper.

This paper is also related to the sequential screening literature (Courty and Li, 2000;
Eso and Szentes, 2007a,b; Krahmer and Strausz, 2015). The setup of the model closely
follows Courty and Li (2000). The main departure of this paper from the literature is that
consumers in my model are time inconsistent, which provides several new insights.

The paper closest in message with the current paper is Grubb (2015). In one of the
main findings of Grubb (2015), ‘bill-shocks’ seem exploitative, but it can be used by firms
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to engage in price discrimination and regulating it could decrease welfare in certain envi-
ronments. The current paper differs from Grubb (2015) in two distinct dimensions. First,
Grubb (2015) focuses on inattentive consumers who lose track of their usage history, while
I consider consumers who are time inconsistent. Second, price discrimination in Grubb
(2015) is static, while this paper looks at price discrimination over time.

The paper is organized as follows. Section 2 introduces the model. Section 3 analyzes
optimal sequential screening for sophisticated time-inconsistent consumers. Section 4 ap-
plies the results to explain characteristics often observed in credit contracts. Section 5
discusses some policy insights. Section 6 explores some extensions, including an exam-
ination of actual exploitative contracts with naı̈ve consumers. Section 7 summarizes the
paper. All proofs can be found in Appendix A.

2 Model

In this section, I introduce the sequential screening model in the spirit of Courty and
Li (2000) with quasi-hyperbolic consumers (Laibson, 1997). I also discuss two benchmark
environments where perfect price discrimination is implemented: the case without pri-
vate information and the case with static screening.

I consider a three-period model: t = 0, 1, 2. The monopoly firm provides an unsecured
credit contract for liquidity-constrained consumers to consume in t = 1 and pay in t = 2.
The outside option is normalized to 0 if the contract is not signed.

Consumers learn about their demand over time. They receive a private signal σ ∈
Σ at t = 0, with probability distribution γ (σ) and cumulative distribution Γ (σ) . After
receiving the signal, consumers choose whether to sign a contract with the firm. This
decision is made before they privately learn their demand, which is represented by θ ∈
Θ =

[
θ, θ
]
⊂ R+. The signal σ is informative of the distribution of θ, which is drawn

from the differentiable conditional distribution with full support π(θ|σ) at t = 1, with
cumulative function Π (θ|σ) . Also, Π (θ|σ) strictly dominates Π (θ|σ′) in terms of first-
order stochastic dominance. In essence, Π (θ|σ) < Π (θ|σ′) for any θ ∈

(
θ, θ
)

if σ > σ′.
Consumers are present biased. At t = 0, after receiving σ, consumers have the follow-

ing ex-ante utility from consuming q units of the good bought at price p :

U (q, p; σ) = E [θu (q)− p|σ] ,

where u (·) is twice-differentiable, strictly increasing and strictly concave with u (0) = 0
and limq→∞ u (q) → ∞. The consumer consumes q at t = 1 but pays p at t = 2. The ex-
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ante utility has a discount factor of 1. However, consumption decisions are made at t = 1
with a discount factor of β < 1. The ex-post utility at t = 1 after realizing θ is

V (q, p; θ) = θu (q)− βp.

When β 6= 1, the consumer is dynamically inconsistent and does not consume the amount
originally intended. In particular, with β < 1, the consumer is present biased and tends
to over-consume, because the disutility from payment is discounted.

The firm produces q ≥ 0 units of the good at constant marginal cost c > 0. The firm
has full commitment and offers a contract for each σ : Cσ = (qσ (θ) , pσ (θ)) , with qσ :
Θ 7→ R+ and pσ : Θ 7→ R.

Since information is revealed sequentially to the consumer, the firm needs to ensure
that the contract is dynamically incentive compatible. The ex-post incentive compatibility
constraint ensures that consumers report θ truthfully at t = 1 : ∀θ, θ′ ∈ Θ and σ ∈ Σ,

θu (qσ (θ))− βpσ (θ) ≥ θu
(
qσ

(
θ′
))
− βpσ

(
θ′
)

(1)

The ex-ante incentive compatibility constraint ensures that consumers report σ truthfully at
t = 0: ∀σ, σ′ ∈ Σ∫

Θ
[θu (qσ (θ))− pσ (θ)]π (θ|σ) dθ ≥

∫
Θ
[θu (qσ′ (θ))− pσ′ (θ)]π (θ|σ) dθ. (2)

The contract is incentive compatible if both (1) and (2) are satisfied. The participation
constraints are standard: ∀σ ∈ Σ,∫

Θ
[θu (qσ (θ))− pσ (θ)]π (θ|σ) dθ ≥ 0. (3)

The firm chooses a menu of contracts C = {Cσ}σ∈Σ to maximize expected profit
E (pσ(θ)− cqσ(θ)) subject to the participation and incentive compatibility constraints.

To summarize, the timing of the model is shown in Figure 1. The firm posts a menu C.
Consumers choose the contract Cσ ∈ C after receiving the signal σ. After realizing θ, the
consumers settle on (qσ (θ) , pσ (θ)) to finalize on the quantity and payment.

Menu
announced

0

σ
realized

Contract
signed

θ
realized

1

(q, p)
chosen

Makes
payment

2
Figure 1: Timing of Events
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2.1 Benchmark: No Private Information

In an environment without private information, the firm is able to observe the con-
sumer’s signal and demand, so perfect price discrimination can be implemented. This is
implementable regardless of the presence of time inconsistency.

Proposition 1 Perfect price discrimination is implemented by (q∗σ, p∗σ) such that for all σ ∈ Σ,
U (q∗σ, p∗σ; σ) = 0, and θu′ (q∗σ (θ)) = c.

Hence, the first best profit of the firm is equivalent to the case without time incon-
sistency. In essence, since the consumer is time-inconsistent and aware of it, the firm
provides a commitment contract for the consumer and is unable to exploit them. It is also
worth noting that the optimal allocation, q∗σ, is independent of σ and the firm extracts
rents from the consumers by varying price schedules, p∗σ, with σ.

2.2 Benchmark: Static Screening of Present-Biased Consumers

The first best is also implementable if the consumer learns θ ∈ Θ at t = 0 privately
and receives no further information.3 To see why, recall that a time-inconsistent consumer
wants to prevent the future-self from betraying the present-self. As shown by Esteban
and Miyagawa (2005), the firm takes advantage of the time inconsistency by introducing
extraneous options in the contract designed to punish the time-inconsistent consumers
only when they misreport in t = 0. Formally, a contract for θ is

Cθ =
{(

qR
θ , pR

θ

)
,
(

qT
θ|θ̂, pT

θ|θ̂

)
θ̂>θ

}
θ∈Θ

.

Let
(
qR

θ , pR
θ

)
denote the option the firm intends a θ consumer to choose, which is referred

to as the real allocation. The extra options in Cθ are the threat allocations. The threat allo-
cation

(
qT

θ|θ̂, pT
θ|θ̂

)
is an off-path allocation meant to deter θ̂ consumers from misreporting

as θ < θ̂.4 Following the notation of Yu (2018), let C∗θ denote the set of options a truthful
consumer at t = 0 chooses at t = 1 : C∗θ = arg max(q′θ ,p′θ)∈Cθ

V(q′θ, p′θ; θ). While if a θ con-
sumer misreports to be θ′ < θ, the consumer chooses an option from the set C∗

θ′|θ in t = 1,
in essence, C∗

θ′|θ = arg max(q′
θ′ ,p
′
θ′)∈Cθ′

V(q′θ′ , p′θ′ ; θ).

The contract is designed so that
(
qR

θ , pR
θ

)
∈ C∗θ , but

(
qT

θ′|θ, pT
θ′|θ

)
∈ C∗

θ′|θ. In other words,

truthful θ consumers select
(
qR

θ , pR
θ

)
, but consumers who misreport as θ′ end-up choosing

3See Esteban and Miyagawa (2005), Galperti (2015), Bond and Sigurdsson (2017) and Yu (2018)
4In the standard nonlinear pricing model, the relevant deviation is for high type consumers to misreport

as low type consumers. Hence, the threat allocations are focused on deterring downward misreports.
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the threat allocation
(

qT
θ′|θ, pT

θ′|θ

)
. The incentive compatibility constraints are for any θ ∈

Θ and θ′ < θ,
θu
(

qR
θ

)
− pR

θ ≥ θu
(

qT
θ′|θ

)
− pT

θ′|θ.

The following theorem shows that the informational constraints are non-binding, so the
firm achieves perfect price discrimination.

Proposition 2 With static information revelation, the firm achieves perfect price discrimination
when β < 1, in essence,

(
qR

θ , pR
θ

)
=
(
q∗θ , p∗θ

)
, for all θ ∈ Θ.

When β < 1, the consumer is afraid of over-consuming at t = 1, so there is a demand
for commitment to prevent this. The firm takes advantage of the preference reversal by
introducing an allocation that indulges the consumer’s present bias along with a higher
delayed payment: qT

θ′|θ > q∗θ and pT
θ′|θ > p∗θ . The threat allocation is designed so that it

is chosen if the consumer misreports downwards, which yields a lower utility from the
consumers’ ex-ante perspective. The mechanism is illustrated in Figure 2.

p

u(q)
u
(
qR

L
)

pR
L

u
(
qT

L
)

pT
L

u
(
qR

H
)

pR
H

θLu (q)− p

θHu (q)− p

θHu (q)− βp

Figure 2: Static Screening with Time-Inconsistent Consumers

Figure 2 depicts the case with Θ = {θL, θH} and θH > θL. The firm only needs to deter
the θH consumers from pretending to be θL consumers. As a result, the threat allocation
needs to be part of CL, in essence,

(
qT

L , pT
L
)
∈ CL. The threat allocation keeps the θH con-

sumers honest. If θH consumers misreport as θL, then
(
qT

L , pT
L
)

is chosen over
(
qR

L , pR
L
)

,
which gives a lower utility than truth-telling. More importantly, the threat allocation is
also credible, since the θL consumers never choose

(
qT

L , pT
L
)

over
(
qR

L , pR
L
)

.
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3 Sequential Screening of Present-Biased Consumers

In this section, I characterize the optimal contract in a sequential screening model
with present-biased consumers. I do so for the two signals case, where Σ = {L, H} with
Π (θ|H) < Π (θ|L) for all θ ∈

(
θ, θ
)

and Pr (σ = H) = γ.5

If information arrives sequentially, the threat allocations introduced in the static mech-
anism are no longer helpful in implementing perfect price discrimination. This is because
in a dynamic screening environment, consumers can potentially coordinate a misreport
in t = 0 with another in t = 1. To see this, consumers’ information rents can be decom-
posed into two independent components: the ex-ante and ex-post private information. θ

contains additional information not contained in σ. The signal σ is referred to as the ex-
ante information and the additional information as ex-post information. Following Eso and
Szentes (2007a,b), define µ = Π (θ|σ) . Notice µ is distributed uniformly on the unit inter-
val, µ ∼ U [0, 1] , and is orthogonal to σ, so µ is the ex-post information. The consumer
would know θ from learning σ and µ, so θ = θ (σ, µ) = Π−1 (µ|σ) . From the assumptions
on the distribution, ∂θ

∂σ , ∂θ
∂µ > 0. Note for any signals σ, σ′ ∈ Σ with σ′ > σ and µ ∈ [0, 1]

there is a unique µ∗ ∈ [0, 1] such that θ (σ′, µ) = θ (σ, µ∗) . In essence, if the firm designs
a threat allocation to deter a consumer with signal σ′ from mimicking a consumer with
signal σ, it is unable to deter some truthful consumers at t = 0 from choosing the threat
allocation. This is because even though a consumer with signal σ′ may be deterred by a
threat allocation for type θ in Cσ, a truthful consumer with signal σ and type θ = θ (σ, µ∗)

would choose the threat allocation over the real allocation. Figure 3 illustrates the unde-
tectability of ex-ante deviations.

θ (σ, µ)

µ
1µ∗µ

θ

θ
H

L

Figure 3: Full Support of Types

As a result, if threats are implemented, it is not possible for it to be off the equilibrium
path. However, I show that the firm can still exploit consumers’ time inconsistency by
inducing consumers with lower signals to over-consume when θ is large.

5I examine the case with a continuum of signals in Section 6.2.
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To simplify notation, let V (σ, θ) = V (qσ (θ) , pσ (θ) ; θ) and U (σ′|σ) = U (qσ′ , pσ′ ; σ) ,
with U (σ) = U (σ|σ) . The following lemma characterizes the set of allocations that sat-
isfy ex-post incentive compatibility (1).

Lemma 1 For any σ ∈ Σ, Cσ is ex-post incentive compatible if and only if: (i.) qσ (θ) is non-
decreasing in θ, and (ii.) V (σ, θ) is absolutely continuous in θ, and ∂V

∂θ = u (qσ (θ)) when
differentiable.

The proof of Lemma 1 is standard, so it is omitted. From Lemma 1, revenue equiva-
lence shows that the incentive compatible pσ is scaled upwards by 1

β due to present bias:

pσ (θ) = pσ (θ) +
1
β

[
θu (qσ (θ))− θu (qσ (θ))−

∫ θ

θ
u (qσ (t)) dt

]
.

The firm charges higher payments since consumers underestimate the cost of repayment
at t = 1. The next lemma characterizes the ex-ante utility of consumers given a contract
that is ex-post incentive compatible.

Lemma 2 If Cσ is ex-post incentive compatible, then for any σ, σ′ ∈ Σ,

U
(
σ′|σ

)
=

1
β

V
(
σ′, θ

)
+

1
β

∫ θ

θ
[1−Φ (θ|σ)] u (qσ′ (θ)) dθ, (4)

where Φ (θ|σ) = Π (θ|σ) + θ (1− β)π (θ|σ) .

The expression Φ captures the disagreement between the consumer at t = 1 and t = 0
(Amador et al., 2006). If β = 1, then Φ (θ|σ) = Π (θ|σ) , which is the usual expression
of expected utility in sequential screening problems (Courty and Li, 2000). Even though
there is a stochastic ordering for Π (θ|σ) , no such ordering exists for Φ (θ|σ) . In other
words, when β < 1, Φ (θ|σ) is not monotonically ordered with respect to σ. This implies
that qσ (θ) is not usually monotonically increasing with σ. In fact, I will show that the
novelty of contracting with present-biased consumers is that for some θ, qσ (θ) is mono-
tonically decreasing in σ.6 Furthermore, if qσ (θ) is non-monotonic with respect to σ, then
local ex-ante incentive constraints are no longer sufficient and the relevant ex-ante incen-
tive constraints may not be the downward constraints.

Lemma 3 If Cσ is ex-post incentive compatible, then for sufficiently large β and for any σ > σ′,
U (σ′) ≥ 0 and U (σ) ≥ U (σ′|σ) imply U (σ) ≥ 0. On the other hand, for sufficiently small β,
U (σ) ≥ 0 and U (σ′) ≥ U (σ|σ′) imply U (σ′) ≥ 0.

6It should be pointed out that incentive compatibility does not imply qσ (θ) is monotonic with respect
to σ even when β = 1.
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Lemma 3 shows how the incentives to misreport may differ when the degree of
present bias varies. This is entirely due to the fact that Φ (θ|σ) is not monotonic in σ.
The rest of the paper will focus on the case with sufficiently large β, so that the usual
downward incentive compatibility constraints bind and the individual rationality con-
straint for consumers with the lowest signal binds.

The analysis will focus on the two signal case Σ = {L, H} , so local and global incentive
compatibility are equivalent. The two signal case provides us with the key intuition and
most of the main results. I examine the continuous signal case and provide a condition
such that local incentive compatibility is sufficient in Section 6.2.

Let Ψ (θ) =
Φ(θ|L)−Φ(θ|H)

π(θ|L) , which is a crucial term that determines the structure of the
optimal contract. The analysis proceeds with the following assumption.

Assumption 1 (i.) Ψ (θ) is non-increasing, and (ii.) θ > γ
β(1−γ)

Ψ (θ) .

Assumption 1 (i.) is the time-inconsistent version of the regularity assumptions im-
posed to ensure monotonicity of qσ (θ) with respect to θ. Assumption 1 (ii.) guarantees
that L-consumers consume a positive quantity in t = 1, which simplifies the analysis and
is not essential to the core message of the following theorem.

Theorem 1 For sufficiently large β, the optimal contract satisfies

θu′ (qH (θ)) = c and
[

θ − λ

β (1− γ)
Ψ (θ)

]
u′ (qL (θ)) = c,

where 0 < λ ≤ γ, and pσ (θ) = pσ (θ) +
1
β

[
θu (qσ (θ))− θu (qσ (θ))−

∫ θ
θ u (qσ (t)) dt

]
for any σ ∈ {L, H} . Furthermore, U (L) = 0 and U (H) = U (L|H) and if λ = γ, then
U (H) ≥ 0, and if λ < γ, then U (H) = 0.

By Theorem 1, H-consumers are assigned the socially efficient quantity, which is a
standard result, but the distortions in the optimal allocation of L-consumers is novel.
If consumers were time-consistent, the L-consumers experience a downward distortion
for θ ∈

(
θ, θ
)

and no distortions at the top and bottom. (Note that when β = 1, then[
θ − γ

1−γ

[
Π(θ|L)−Π(θ|H)

π(θ|L)

]]
u′ (qL (θ)) = c. ) However, with present-biased consumers,

the firm relaxes informational constraints by introducing upward distortions for L-
consumers when θ is such that Φ (θ|L) < Φ (θ|H) . The following assumption guarantees
the existence of θc ∈

(
θ, θ
)

such that Φ (θc|L) = Φ (θc|H) .

Assumption 2 π (θ|L) > π (θ|H) and π
(
θ|L
)
< π

(
θ|H

)
.
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Corollary 1 If Assumption 2 holds, then there exists θc ∈
(
θ, θ
)

such that Φ (θc|L) =

Φ (θc|H) . If θ > θc, then θu′ (qL (θ)) < c and if θ < θc, then θu′ (qL (θ)) > c.

Corollary 1 shows that in addition to the standard non-linear pricing result of com-
pressing qL (θ) , the firm relaxes the informational constraints of the H-consumers by
taking advantage of their present bias and inducing them to over-consume when they
misreport σ and θ is large. This works because the punishment from over-consumption
is harsher in expectation for H-consumers due to first-order stochastic dominance.

More specifically, the distortion can be decomposed into two parts:

Ψ (θ) =

(
Π (θ|L)−Π (θ|H)

π (θ|L)

)
︸ ︷︷ ︸

informativeness measure

+ θ (1− β)

[
1− π (θ|H)

π (θ|L)

]
︸ ︷︷ ︸

detectability measure

. (5)

The first component is the informativeness of σ on θ. This component is present regardless
of β, and it is strictly positive.7 As σ becomes more informative, the firm must provide the
consumers with more information rents to prevent misreports, so downward distortion
increases with informativeness.

The second component is unique to the environment with present-biased consumers.8

It provides the firm with an additional instrument in screening consumers. A key con-
cern in sequential screening is double deviation. The ex-ante incentive compatibility con-
straint has to take into account the possibility of consumers misreporting σ and proceed
to corroborate it with a misreport on the ex-post information µ = Π (θ|σ) . This concern is
weakened when consumers are time-inconsistent. Double deviations become more diffi-
cult to coordinate as the disagreement between present and future-selves increases. When
the present-self loses control over the future-self, the value of θ as a signal of σ increases.
As a result, the second component can be seen as resulting from a signal extraction prob-
lem. With time-inconsistent consumers, the firm can deter ex-ante deviation with ex-post
inference. When θ is equally likely to be drawn from H and L, then detectability mea-
sure recommends no additional distortions beyond the informativeness measure. When
θ is more likely to be from H, then the detectability measure is negative and if it domi-
nates the informativeness measure, the firm introduces upward distortion to decrease the
incentive to misreport σ. Assumption 1 implies that over-consumption is less costly to in-
duce when θ is large, because from the detectabiliy measure, L-consumers are less likely
than H-consumers to have high θ. Also, the firm can increase prices to cover the higher

7See Baron and Besanko (1984) and Courty and Li (2000).
8The associated likelihood ratio is commonly found in principal-agent models where the principal re-

vises beliefs regarding the effort of the agent based on observed output (Holmstrom (1979)).
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production cost with upward distortion when the consumers place a smaller weight on
payment. This ‘on-path threat’ is analogous to the off-path threat in the static screening
environment. When θ is likely from L, then downward distortion is optimal.

The nature of the distortions in this paper differs from Galperti (2015). In Galperti
(2015), a principal sequentially screens agents’ time inconsistency in t = 0 and then their
taste shock θ in t = 1. Consider a fully flexible contract that curbs the present-biased
agents’ desire to over-consume, which must reward them for their restraint. However,
time-consistent agents can obtain rents by pretending to be present-biased because they
can exert self-control for free and receive the reward. As a result, the optimal contract
restricts flexibility of consumption for present-biased agents by distorting consumption
downwards for large θ and upwards for small θ, which is different from the current paper.

By introducing over-consumption, it is possible for full rent extraction: U (H) =

U (L|H) = 0. In this case, the firm can attenuate the distortion by lowering λ to the
point that both the ex-ante incentive compatibility and individual rationality constraints
for the H-consumers bind. The following example demonstrates the mechanism of full
rent extraction.

Example 1 Suppose u (q) =
√

q, γ = 1
2 , β > 1

2 and θ ∈ Θ = (8, 9) is drawn from a beta
distribution: Π (θ|H) = (θ − 8)3 and Π (θ|L) = (θ − 8)2 . Notice that Π (θ|H) first order
stochastically dominates Π (θ|L) and Assumption 1 is satisfied when β ∈

(
1
2 , 21

22

]
. For full rent

extraction, it has to be the case that U (L) = U (H) = U (L|H) = 0, so the firm sets

λFRE =
β
∫ θ

θ [Φ (θ|L)−Φ (θ|H)] θdθ

2
∫ θ

θ
[Φ(θ|L)−Φ(θ|H)]2

π(θ|L) dθ
.

When β > 1
2 , then

∫ θ
θ [Φ (θ|L)−Φ (θ|H)] θdθ > 0 which implies λFRE > 0. The firm chooses

λ = min
{

γ, λFRE} . If λFRE ≤ γ, then full rent extraction is possible. If λFRE > γ, then the
firm must provide H-consumers with positive information rent. From this example, for full rent
extraction to be possible (λFRE ≤ γ), β needs to be small (β < 0.79).

Figure 4 and Figure 5 illustrates this example for the cases when full rent extraction is possible
and when it isn’t respectively. Figure 4 illustrates the case where the firm chooses λFRE < γ to
attenuate the distortions above and below θc. Here, when λ = γ, the distortions are too severe and
U (L|H) < 0. The firm lowers λ below γ till U (L|H) = 0, which brings it closer to the socially
efficient quantity. Figure 5 shows the case where full rent extraction is too costly and the firm
chooses λ = γ and H-consumers receive positive information rent.
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θ
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θ

θ

θ q∗L (θ)
λFRE < γ

λ = γ

Figure 4: Firm chooses λFRE < γ

qL

θ
θθc

θc

θ

θ

θ q∗L (θ)
λ = γ
λFRE > γ

Figure 5: Firm chooses λ = γ

Full rent extraction is too costly when λ > γ, because it magnifies the distortion (over-
consumption and under-consumption). In this case, the firm is better off with leaving
positive information rents for the H-consumers (U (H) = U (L|H) > 0), so λ ≤ γ. It is
important to remember that full rent extraction here does not imply that the firm is able
to achieve first best profits, because production for the L-consumers is still distorted.

4 Implementing Seemingly Exploitative Contracts

In this section, I demonstrate how the optimal contract can be implemented in real-
istic financial arrangements that seem exploitative but are not. This implies that con-
sumers make decisions that appear to be sub-optimal, but are actually in their best inter-
est. Though the applications are rather stylized, it helps identify seemingly exploitative
features in dynamic contracts.

4.1 Teaser Rates

An immediate application of the general model is the interest rates of credit contracts.
Consider a liquidity-constrained consumer who takes out a loan to make purchases in
t = 1. The creditor loans q to the consumer and stipulates a repayment scheme p : R+ →
R, where p (q) is the amount paid to the creditor for loan size q.9 At t = 0, the borrower
chooses from the following menu of repayment schemes: {pL (q) , pH (q)} . By Theorem 1,
recall the optimal repayment scheme induces the following behavior from sophisticated

9The analysis makes no distinction between the amount of loans with the amount of consumption.
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borrowers: qH (θ) ≥ qL (θ) , for θ ≤ θc and qH (θ) < qL (θ) , for θ > θc. Let qc = qH (θc) =

qL (θ
c) , this gives us the following corollary.

Corollary 2 The optimal repayment scheme satisfies (i.) p′H (q) ≤ p′L (q) for q ≤ qc and (ii.)
p′H (q) > p′L (q) for q > qc.

Corollary 2 shows that for small loans (q ≤ qc), the repayment scheme encourages
H-consumers more than L-consumers to take out additional loans. While for larger loans
(q > qc), it discourages H-consumers from taking out more loans. In a sense, the repay-
ment scheme pH (q) acts as a ‘teaser rate’ when q ≤ qc, while it acts as a commitment
device when q > qc.

The change in pH (q) with respect to the loan size seems exploitative, because it is
consistent with the theory that creditors take advantage of borrowers who underestimate
the chances of them borrowing at the higher interest rate (Ausubel, 1999). However, it
is not exploitative. The H-consumers would have likely over-borrowed and accumu-
late too much debt if they had chosen the contract for L-consumers with lower interest
rates for high consumption levels. This contrasts with the empirical finding that suggests
consumers are making sub-optimal financial decisions when they accumulate debt on
high-interest credit cards.10

4.2 Late Fees

The theory introduced in the paper can also be extended to shed light on the design of
penalty fees for late payments to screen heterogeneous consumer liquidity. To see how,
let pt denote the amount paid at t and consider consumers who sign a contract before
t = 0 and take out a loan of q at t = 0. The ex-ante utility, before t = 0, is U (q, p1, p2; σ) =

q−E
(

θ
2 p2

1 + p2|σ
)

. While at t = 1, the ex-post utility is V (p1, p2; θ) = − θ
2 p2

1− βp2. Here,
θ captures the tightness of the consumers’ liquidity in t = 1, and the convex repayment
cost at t = 1 represents the difficulty in paying on-time. Present-biased consumers delay
payment for any θ, and L-consumers have an incentive to misreport as H-consumers.
The creditor offers a contract, {pH,2 (p1) , pL,2 (p1)} , where late fees p2 (p1) depend on the
amount paid on-time p1. Let Ψ (θ) =

Φ(θ|L)−Φ(θ|H)
π(θ|H)

and assume that − βγ
1−γ ≤ Ψ′ (θ) ≤ 0.

Also, denote pc = 1
θc . The full derivation of the model is found in Appendix B.

Proposition 3 The optimal late fees satisfies (i.) 0 ≥ p′σ,2 (p1) for any σ and p1 ≥ 0, (ii.)
p′H,2 (p1) ≤ p′L,2 (p1) for p1 ≤ pc and (iii.) p′H,2 (p1) > p′L,2 (p1) for p1 > pc.

10For example, see Ausubel (1999), Shui and Ausubel (2005), Ponce et al. (2017).
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Proposition 3 shows how late fees can act as a commitment device for consumers who
expect to be more liquid, L-consumers, to pay on time. The optimal late fee encourages
L-consumers more than H-consumers to pay on time when it is easy to do so (low θ),
while it encourages H-consumers more than L-consumers to pay on time when it is dif-
ficult to do so (high θ). Since L-consumers expect to be more liquid, they are more likely
to face incentives that encourage timely payment, which includes a punishment for de-
layed payment. This punishment can be implemented as a late fee, which encourages
L-consumers to pay on schedule. L-consumers want to weaken the temptation of delay-
ing payment, because they likely have the means to pay on time. Therefore, late fees
serves as a valuable commitment device for liquid consumers.

4.3 Overdraft Fees

Overdraft limits of bank accounts or credit cards can work as a commitment device.
Consider an environment where consumers have heterogeneous demand for commit-
ment. To screen consumers who have high demand for commitment from those who
have lower demand, the bank creates two types of accounts. Accounts with overdraft
protection allow withdrawal even after the depletion of funds, but consumers incur an
overdraft fee. On the other hand, owners of accounts without overdraft protection are not
allowed to withdraw.

Consider a simple model where at t = 0, the value of having commitment is a > 0
when the future state in t = 1 is θH and zero when the state is θL. However, consumers
are time-inconsistent and at t = 1, the demand for commitment is zero regardless of the
state. Hence, the ex-post incentive compatibility constraints are trivial because the bank
is unable to screen θ at t = 1. At t = 0, consumers privately receive an informative signal
σ ∈ {L, H} of the state with Pr (H) = γ. The conditional distribution is Pr (θH|H) =

Pr (θL|L) = α > 1
2 .

Suppose the accounts are designed such that H-consumers choose the account with-
out overdraft protection and L-consumers choose the account with overdraft protection.
Without overdraft protection, consumers are fully committed. While with overdraft pro-
tection, consumers only obtain a fraction χ ∈ (0, 1) of the value of commitment and incur
an overdraft fee o in state θH.11 The ex-ante incentive compatibility constraints are

αa− fwithout ≥ α (χa− o)− fwith and (1− α) (χa− o)− fwith ≥ (1− α) a− fwithout,

11Consumers have partial commitment, because the transaction still goes through after the depletion of
funds, but they face overdraft fees which raises the marginal cost of withdrawals and helps deter overdraft.
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where f is the maintenance fee. The participation constraints are αa − fwithout ≥ 0 and
(1− α) (χa− o)− fwith ≥ 0. The bank maximizes the fee payment, so the optimal fees are
( fwithout, fwith, o) = (αa, 0, χa) and makes a profit of a [γα + (1− γ) (1− α) χ] .

If the population of consumers with demand for commitment is small, γ < (1−α)(1−χ)
α−(1−α)χ

,
then it is not optimal for the bank to provide any consumers with overdraft protection.
This is because if all accounts are without overdraft protection, then the L-consumers’
participation constraint binds: (1− α) a = fwithout, which implies the bank’s profit is
(1− α) a. This dominates the profit when the bank provides all consumers with over-
draft protection, where the profit is [γα + (1− γ) (1− α)] χa. Therefore, if there is a large
enough population of H-consumers, γ ≥ (1−α)(1−χ)

α−(1−α)χ
, then the bank screens its consumers

by providing two accounts.
The analysis above implies that when there is sufficient demand for commitment

(large γ), then the account with overdraft protection has a low maintenance fee ( fwith = 0)
but a large overdraft fee (o = χa). In essence, the bank screens consumers by exposing the
ones with low-expected demand for commitment to a high risk of depleting their funds.
Notice that the bank is able to achieve full surplus extraction by doing so. As a result,
overdraft fees help screen commitment preferences. This is different from Heidhues and
Koszegi (2017), where overdraft fees are evidence of exploitative contracting.

5 Regulatory Policies

Though financial contracts are not exploitative when consumers are sophisticated, the
government or planner may still want to introduce regulatory policies that increase con-
sumer welfare above the laissez faire level. In this section, I derive the optimal regulatory
policy for credit contracts. The optimal policy raises consumer welfare by decreasing
the distortion in the repayment schedule for L-consumers, so both the degree of under-
consumption for when θ < θc and over-consumption for when θ > θc are smaller. This
could be implemented using subsidies on repayments for L-consumers when the loan is
small and taxes when the loan is large. Through the lens of the optimal policy, I discuss
current and proposed regulations that place limits on financial contracts.

Let κ ∈ (0, 1) denote the weight a planner puts on firm profits Λ and the remain-
der of the weight 1 − κ on consumer welfare U. The planner also puts η ∈ (0, 1)
weight on H-consumers and the remainder 1− η on L-consumers. The planners is pa-
ternalistic, so it evaluates the consumers’ welfare using the ex-ante utility, in essence,
U = ηU (H) + (1− η)U (L) . In essence, it treats present bias as an error and attempts
to correct it, because β 6= 1 reflects a self-control problem that consumers try to avoid in
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other periods. Thus, the welfare criterion is

κΛ + (1− κ) [ηU (H) + (1− η)U (L)] .

The planner chooses policies that maximize welfare subject to the firm maximizing its
profit. Clearly, if κ = 1, the economy is at the laissez faire benchmark, so the planner
does not introduce any regulatory policies. When κ < 1, the planner may choose to enact
policies that increase consumer welfare at the expense of firm profits. I assume that κ > 1

2

and η ≤ γ, or else the firm would either exit or only serve consumers of a certain signal.
Let λLF denote the laissez faire (κ = 1) level of distortion on qL (θ) from Theorem 1.

Theorem 2 For sufficiently large β, the optimal allocation satisfies

θu′ (qH (θ)) = c and
[

θ − λ

β (1− γ)
Ψ (θ)

]
u′ (qL (θ)) = c,

where 0 < λ ≤ γ −
(

1−κ
κ

)
η and the optimal payment satisfies pσ (θ) = pσ (θ) +

1
β

[
θu (qσ (θ))− θu (qσ (θ))−

∫ θ
θ u (qσ (t)) dt

]
for any σ ∈ {L, H} . Also, U (L) = 0 and

U (H) = U (L|H) ≥ 0 with equality when λ < γ−
(

1−κ
κ

)
η.

Theorem 2 shows that if anyone benefits from the regulation, it is the H-consumers.
First, notice that the range of λ is smaller than that under laissez faire, and this range is
decreasing in η and increasing in κ. This means that if the firm gives away rents to the
H-consumers under laissez faire (λLF = γ), then the planner would introduce regula-
tions that decreases the distortion on qL, which increases the H-consumers’ rent. This is
because when the planner attempts to increase consumer welfare above the laissez faire
benchmark, it is most efficient to do so through H-consumers while keeping the individ-
ual rationality constraint for L-consumers binding. On the other hand, if the firm imple-
ments full rent extraction under laissez faire (λLF < γ), then the planner would intro-
duce regulations only if the welfare weight on H-consumers (1− κ) η is sufficiently large.
This is because the efficiency loss from increasing consumer welfare is too costly from
the planner’s viewpoint when it places insufficient weight on consumers. Surprisingly,
L-consumers’ individual rationality constraint remains binding even when the planner
places more weight on them than H-consumers. This is because the planner decentral-
izes through the private market, and it is too costly for the firm to separate H-consumers
from L-consumers when U (L) > 0. As a result, to increase the utility of L-consumers,
the planner needs to either prohibit the price discrimination of ex-ante information or
provide publicly funded credit and crowd out the private market.
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Finally, when the utility of H-consumers goes up, the planner can decrease the distor-
tion of the credit contract for the L-consumers, but it is not optimal to eliminate it. Thus,
the credit contract for L-consumers is less distorted than the laissez faire benchmark when
the planner introduces regulations. However, the planner still allows for upward distor-
tion, so L-consumers would still over-borrow. This could have important implications for
regulations that attempt to curb ex-post losses.

5.1 Discussion on Regulatory Policies

Here, I discuss recent financial regulations in light of the analysis above. In Section 4, I
argued that certain features of credit contracts may seem exploitative, but could actually
act as commitment devices and help firms lower the cost of screening. Also, an immediate
implication of Theorem 2 is that these seemingly exploitative features are attenuated but
still present when regulators try to raise consumer welfare.

It is important to remember that the aim of the paper is to consider the potential costs
of paternalistic financial regulations. It does not discuss whether the cost regulations
outweighs the benefit, which depends on the relative size of the sophisticated and the
naı̈ve population.12 The goal of this paper is to point out that welfare evaluations that
neglect the screening benefits of seemingly exploitative features might over-state the
success of paternalistic financial regulations.

Teaser rates: The Credit CARD act requires any teaser rates to remain in place for at least
6 months. There are proposals to further increase the duration of teaser rates (Bar-Gill
and Bubb, 2012). By lengthening the duration of teasers, policymakers hope to increase
the firm’s cost of providing credit at these lower rates. This policy is potentially welfare
improving for naively present-biased borrowers, consumers suffering from misspecified
beliefs (incorrectly believing they will cancel after the teaser rates expire) or inattention
(losing track of how long they have used the card).

For sophisticated agents, depending on the welfare weights κ and η, such a regula-
tory intervention could lower welfare. Notice that a lengthening of the duration of teaser
rates is similar to a regulatory increase of qc from Corollary 2. With the increased dura-
tion, consumers get to borrow more under the lower marginal interest rate. However, an
increase in qc raises the firm’s cost of screening ex-ante demand. This is because when
the firm introduces the possibility of over-consumption to decrease the cost of screening,
it does so through the detectability measure in (5). When qc increases, the firm’s ability

12An example of quantitative analysis on the effects of financial regulations is Agarwal et al. (2015).
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to use the detectability measure decreases and the ex-ante incentive compatibility con-
straints tighten. The firm has to increase information rent, which introduces additional
inefficiency in the provision of credit. An extreme would be to consider the case when all
teaser rates are banned, then qc = q

(
θ
)

and a creditor cannot induce over-consumption
to lower screening cost, and by Theorem 2 this is not optimal.

In essence, instead of interpreting teaser rates and back-loaded fees as exploitative,
the higher interest rates post-introductory offer can be viewed as a commitment device.
By increasing the duration of the introductory offer, the contract becomes less appealing
due to its loss in value as a commitment device.

Late fees: One of the main purposes of the Credit CARD act was to regulate certain fees,
and late fees was one of them. It significantly restricted the magnitude of the penalties
and requires it to be proportional to the violation. Regulators placed an upper bound on
these fees: $25 for the first violation and $35 for each future violation within the next six
months. Indeed, the average late fees prior to the Credit CARD act was $33.08, and the
average late fees immediately after its passage dropped to $23.13 (Consumer Financial
Protection Bureau, 2013). This policy is potentially welfare improving for borrowers who
are unaware of their present bias or are inattentive to the payment due dates.

An upper bound on late fees could introduce distortions when borrowers are sophis-
ticated, and is not optimal by Theorem 2. Proposition 3 showed how late fees can be
used to screen the expected tightness of consumers’ liquidity. It provides more liquid
borrowers a commitment device to pay on time. More liquid borrowers are willing to pay
creditors more for this commitment device, because they expect to have the means to pay
at t = 1 but are afraid that their future-selves would delay payment. Thus, the late fees
relax the ex-ante incentive compatibility, and a restriction on them implies that creditors
would have to raise the information rent to L-borrowers, which increases distortion.

Overdraft fees: Overdraft or over-the-limit fees have been a perennial target of policy-
makers. After the Credit CARD act, credit card companies cannot charge over-the-limit
fees unless consumers consent to being taken over the limit. The Federal Reserve also pro-
hibits banks from charging overdraft fees unless consumers opt-in to the service. More
importantly, the Federal Reserve also does not allow financial institutions to discrimi-
nate against consumers who do not opt-in to overdraft protection, so all consumers are
presented with the same account terms and features.

These measures limit the ability of financial institutions to take advantage of naı̈ve
borrowers, while still allowing sophisticated borrowers who may want to use overdraft
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protection for commitment purposes to opt-in. As a result, these regulations seem to
satisfy the requirements for libertarian paternalism (Thaler and Sunstein, 2003).

However, if creditors are not allowed to discriminate between borrowers who opt-in
from those who do not, then they cannot properly screen sophisticated agents with high-
expected valuation for commitment from those with low-expected valuation. As was
shown in Section 4.3, when the population of consumers with demand for commitment is
large, restricting the ability of firms to discriminate based on borrowers’ decision to opt-in
is suboptimal. This is because the cost of screening these the borrowers could manifest
elsewhere and firms may uniformly increase the cost for all consumers.

6 Extensions

6.1 Actual Exploitative Contracts

So far I have focused on sophisticated consumers. To identify which contracts are
actually exploitative, in this section, I analyze a model where the consumers are fully
naı̈ve and the firm attempts to screen consumer demand. The optimal contract in this
setting takes advantage of the consumers’ naiveté, so it is exploitative. I also discuss the
implementation of the exploitative contract and contrast it with the optimal contract for
sophisticated consumers. Here, I consider a continuum of signals: Σ = [σ, σ] ∈ R+, with
distribution γ (σ) and cumulative distribution Γ (σ) .

At t = 0, naı̈ve consumers believe the discount factor at t = 1 to be 1 when it is
actually β < 1. In essence, at t = 0, consumers perceive ex-post utility to be W (σ, θ) =

θu (qσ (θ))− pσ (θ) . For naı̈ve consumers, the firm announces {Cn
σ}σ∈Σ where

Cn
σ =

{(
qR

σ (θ) , pR
σ (θ)

)
θ∈ΘR

,
(

qI
σ (θ) , pI

σ (θ)
)

θ∈ΘI

}
.

Following Eliaz and Spiegler (2006), the firm exploits the incorrect beliefs of naı̈ve con-
sumers with off-path promises via the imaginary allocations:

(
qI (θ) , pI (θ)

)
. The naı̈ve

consumers believe they will choose the imaginary allocations, but unbeknownst to them
they choose the real allocations

(
qR (θ) , pR (θ)

)
instead. This exploitation also alters the

message space in a direct mechanism, so ΘR, ΘI 6= Θ, where ΘR and ΘI denote the mes-
sage spaces for the real and imaginary allocations respectively. To distinguish the utility
of consuming the imaginary from the real allocation, denote the utility of consuming the
imaginary allocation with a superscript I and the real allocation with a superscript R. For
example, VR (σ, θ) = θu

(
qR

σ (θ)
)
− βpR

σ (θ) .
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The optimal contract has to satisfy the fooling constraints: ∀σ ∈ Σ,

max
θ′

{
θu
(

qI
σ

(
θ′
))
− pI

σ

(
θ′
)}
≥ max

θ′

{
θu
(

qR
σ

(
θ′
))
− pR

σ

(
θ′
)}

. (6)

The fooling constraints (6) ensures that at t = 0, the naı̈ve consumers believe they will
prefer the imaginary allocation over the real allocation at t = 1. Note that though the
real allocations are ex-post incentive compatible, it is not incentive compatible from the
viewpoint of the naı̈ve consumer.

The firm designs the contract such that consumers choose the real allocations at t = 1:
∀σ ∈ Σ and ∀θ ∈ Θ,

θu
(

qR
σ (θ)

)
− βpR

σ (θ) ≥ max
θ′

{
θu
(

qI
σ

(
θ′
))
− βpI

σ

(
θ′
)}

. (7)

I refer to (7) as the executability constraint. It ensures the consumers choose the real
allocations over the imaginary allocations at t = 1.

I focus on imaginary allocations that are perceived ex-post incentive compatible: ∀σ ∈ Σ
and ∀θ, θ′ ∈ Θ,

θu
(

qI
σ (θ)

)
− pI

σ (θ) ≥ θu
(

qI
σ

(
θ′
))
− pI

σ

(
θ′
)

.

In essence, at t = 0, consumers believe they will report truthfully in t = 1. This restriction
on imaginary allocations is imposed without loss of generality. Since the imaginary allo-
cations are perceived ex-post incentive compatible, Lemma 1 applies. As a result, qI

σ (θ)

is non-decreasing in θ and revenue equivalence implies

pI
σ (θ) = pI

σ (θ) + θu
(

qI
σ (θ)

)
− θu

(
qI

σ (θ)
)
−
∫ θ

θ
u
(

qI
σ (t)

)
dt. (8)

Also, by Lemma 2, the expected utility of the naı̈vely present-biased consumer at t = 0 is

U I (σ′|σ) = W I (σ′, θ
)
+
∫ θ

θ
[1−Π (θ|σ)] u

(
qI

σ′ (θ)
)

dθ. (9)

The next lemma characterizes ex-ante incentive compatibility for a continuum of signals.

Lemma 4 If Cn
σ is incentive compatible, then (i.) ∂U I(σ)

∂σ = −
∫ θ

θ
∂Π(θ|σ)

∂σ u
(
qI

σ (θ)
)

dθ, and (ii.)

−
∫ θ

θ
∂Π(θ|σ)

∂σ
∂qI

σ(θ)
∂σ u′

(
qI

σ (θ)
)

dθ ≥ 0.

Since agents are fully naı̈ve, Lemma 4 is the same as Lemma 3.2 in Courty and Li
(2000), and ∂U(σ)

∂σ > 0. The next lemma simplifies the fooling and executability constraints.
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Lemma 5 If the real allocations are ex-post incentive compatible and the imaginary allocations
are perceived ex-post incentive compatible, then the fooling constraints are, ∀σ ∈ Σ,

W I (σ, θ) +
∫ θ

θ
u
(

qI
σ (θ)

)
dθ ≥ 1

β

[
VR (σ, θ) +

∫ βθ

θ
u
(

qR
σ (t)

)
dt
]

. (10)

and the executability constraints are, ∀σ ∈ Σ and ∀θ ∈ Θ,

VR (σ, θ) +
∫ θ

θ
u
(

qR
σ (t)

)
dt ≥ β

[
W I (σ, θ) +

∫ θ
β

θ
u
(

qI
σ (t)

)
dt

]
. (11)

Lemma 5 characterizes the fooling and executability constraints when the allocations
are ex-post incentive compatible. The executability constraints bind at the optimum. The
following theorem characterizes the optimal exploitative contract.

Theorem 3 For all σ ∈ Σ, θ
β u′
(
qR

σ (θ)
)
= c for any θ ∈ ΘR =

[
βθ, θ

]
, and qI

σ (θ) = 0 for all

θ ∈ ΘI =
[
θ, θ

β

]
. For all σ ∈ Σ, the payment scheme is pR

σ (θ) = θ
β u
(
qR

σ (θ)
)

for all θ ∈ ΘR

and pI
σ (θ) = 0 for all θ ∈ ΘI .

First, Theorem 3 shows that exploitative credit contracts do not discriminate σ at t = 0.
In other words, the realization of σ at the contracting stage is irrelevant. This is because to
exploit the naı̈ve consumers, the firm needs to manipulate the consumers into believing
that they would consume less than they actually would. As a result, the best the firm can
do is to manipulate all consumers into believing that they would not borrow in the future:
qI

σ (θ) = 0 for any anticipated and realized demand, regardless of σ.
Second, for any θ, consumers over-consume and over-pay relative to the optimum.

As a result, a sophisticated consumer would never choose the exploitative contract. To
see this, notice that at the contracting stage, the exploitative credit contract gives the so-

phisticated consumer an expected utility of UR (σ) = −1−β
β

∫ θ
θ θu

(
qR

σ (θ)
)

π (θ|σ) dθ < 0.
In other words, even though the consumers do not plan to execute the credit contract
(qI

σ = 0), the contract incentivizes their future-selves to over-borrow and then make a
large payment at a later date.

6.1.1 Implementing Exploitative Contracts

This section serves as a compliment to Section 4 by discussing the implementation
of actual exploitative contracts. The main difference between contracts for sophisticated
and naı̈ve consumers is the lack of a commitment device in exploitative contracts.

23



Teaser rates: Exploitative contracts induce naı̈ve borrowers to over-borrow. Too see this,
let pn (q) denote the repayment scheme for naı̈ve borrowers. By Theorem 3, not taking
out a loan is what the borrowers imagine doing at t = 1, so naı̈ve borrowers do not
plan to use it, which implies pn (0) = 0. However, they do end-up taking out loans and
the repayment scheme always encourages them to take out more loans. Theorem 1 and
Theorem 3 shows that naı̈ve borrowers borrow more than sophisticated H-consumers:
p′H (q) > p′n (q) for all q.

This implies the key exploitative feature is the absence of a commitment mechanism
that limits borrowing and not the presence of a teaser rates or introductory offers. In fact,
pn (q) seems to dominate other offers since repayment is less sensitive to loan size, but
this induces present-biased debtors to over-borrow and only non-sophisticated agents
do not foresee this and are exploited.

Late fees: The late fees for naı̈ve borrowers induces them to delay payment, so they
end-up paying high late fees. Let pn,2 (p1) denote the on-path late fees when borrowers
repaid p1 on time. Comparing the exploitative contract in Proposition 5 in Appendix
B with the contract for sophisticated borrowers in Proposition 3, the optimal pn,2 (p1)

provides less incentives for naı̈ve borrowers to pay on-time than pL,2 (p1) . More formally,
pn,2 (p1) is chosen such that p′L,2 (p1) < p′n,2 (p1) for all p1. As a result, naı̈ve borrowers
pay less at t = 1 and incur higher late fees than sophisticated borrowers. Also, the
optimal contract has a front-loaded imaginary repayment schedule and a back-loaded
real or on-path repayment schedule. This is similar to Heidhues and Koszegi (2010), who
show how contracts exploit non-sophistication by providing cheap access to loans for
timely repayment, but delays in repayment are penalized with large fees.

Overdraft fees: If naı̈ve consumers do not believe that they need commitment in the fu-
ture, then banks only provide overdraft protection accounts and charge high overdraft
fees with low maintenance fees. More specifically, the bank does not discriminate and
provides an account that has low maintenance fee fwith = 0 and large overdraft fee o.

There are two main differences between the exploitative account and the accounts
for sophisticated consumers. First, the exploitative account has less variety in overdraft
policies. The accounts for sophisticated consumers differ in the amount of commitment
it provides, while exploitative accounts lack devices for commitment. Second, the ex-
ploitative account has higher overdraft fees. Though the exploitative account is similar to
the account for sophisticated L-consumers, the bank charges higher overdraft fee to take
advantage of consumers who do not internalize the overdraft cost.

24



6.2 Continuum of Signals

It is known that when screening time-inconsistent individuals, local incentive com-
patibility does not imply global incentive compatibility (Halac and Yared, 2014; Galperti,
2015). This makes the analysis of sequential screening with present-biased consumers
difficult when the set of ex-ante signals is large.

To see why local incentive compatibility constraints are not sufficient, consider the
case with Σ = {σ1, σ2, σ3} and σ3 > σ2 > σ1. At the optimum, the participation con-
straint for σ1 binds: U (σ1) = 0. Suppose local incentive compatibility constraints bind, in
essence, U (σ2) = U (σ1|σ2) and U (σ3) = U (σ2|σ3) , then

U (σ2|σ3) =

1
β

[∫ θ

θ
[Φ (θ|σ1)−Φ (θ|σ2)] u (qσ1 (θ)) dθ +

∫ θ

θ
[Φ (θ|σ2)−Φ (θ|σ3)] u (qσ2 (θ)) dθ

]
,

and U (σ1|σ3) =
1
β

∫ θ
θ [Φ (θ|σ1)−Φ (θ|σ3)] u (qσ1 (θ)) dθ. Notice that

U (σ2|σ3)−U (σ1|σ3) =
1
β

∫ θ

θ
[Φ (θ|σ2)−Φ (θ|σ3)] [u (qσ2 (θ))− u (qσ1 (θ))] dθ.

As a result, when β = 1 and qσ (θ) is non-decreasing in σ, then local incentive compat-
ibility is sufficient. However, the main message of this paper is that with sophisticated
present-biased consumers, the firms would distort the optimal quantity such that qσ (θ)

is decreasing in σ for a certain range of demand realizations. As a result, non-local devi-
ations could be more tempting than local ones. I consider a continuum of signals below:
Σ = [σ, σ] ∈ R+, with distribution γ (σ) and cumulative distribution Γ (σ) .

Assumption 3 Let Ψσ (θ) = −
∂Φ(θ|σ)/∂σ

π(θ|σ) , (i.) Ψσ (θ) is non-increasing in θ, (ii.) θ >
1−Γ(σ)
βγ(σ)

Ψσ (θ) , and (iii.) εψ (σ, θ) =
∂Ψσ(θ)

∂θ
θ

Ψσ(θ)
is finite.

Assumption 3 is analogous to Assumption 1. As was already mentioned, due to the
lack of single crossing with respect to σ, ex-ante incentive compatibility does not imply
that qσ (θ) is non-decreasing in σ. It also requires the elasticity of Ψσ (θ) with respect to
θ to be finite. The following assumption ensures a monotonicity-like rule for the optimal
quantity with respect to the signal.

Assumption 4 For θ ≤ θc, 1−Γ(σ)
γ(σ)

Ψσ (θ) is strictly decreasing in σ. For θ ≥ θc, 1−Γ(σ)
γ(σ)

Ψσ (θ)

is strictly increasing in σ.
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Assumption 4 is the time-inconsistent counterpart to a similar assumption in Courty
and Li (2000). In their paper, a sufficient condition for incentive compatibility is if qσ (θ)

was strictly increasing in σ and θ and the time-consistent counterpart of Assumption 4
guarantees it. However, as was mentioned, with present-biased consumers, imposing
conditions to ensure monotonicity of qσ (θ) with respect to σ misses the main features
of an optimal contract with time-inconsistent consumers. Assumption 4 maintains these
features while providing tractability. I show that with Assumption 4, the optimal quantity
is monotonically increasing in σ when θ < θc and monotonically decreasing in σ when
θ > θc. However, Assumption 4 by itself is not enough to ensure ex-ante incentive com-
patibility, because θc could be different for various signals. The following assumption on
the distribution combined with Assumption 4 are sufficient for the contract to be ex-ante
incentive compatible. I refer to it as the strong single crossing condition.

Assumption 5 (Strong Single Crossing Condition) There exists θc ∈
(
θ, θ
)

such that
Φ (θc|σ) = Φ (θc|σ′) for any σ, σ′ ∈ Σ.

Theorem 4 For sufficiently large β, U′ (σ) > 0 and the optimal contract has U (σ) = 0 and[
θ − 1− Γ (σ)

βγ (σ)
Ψσ (θ)

]
u′ (qσ (θ)) = c.

with pσ (θ) = pσ (θ) +
1
β

[
θu (qσ (θ))− θu (qσ (θ))−

∫ θ
θ u (qσ (t)) dt

]
.olut

The optimal sequential mechanism with a continuum of signals is similar to the two-
signal case. Theorem 4 focuses on the case for large β, because when β is large, U (σ) is
increasing in σ and only the participation constraint of U (σ) binds.

7 Conclusion

A firm’s optimal pricing strategy is sensitive to the consumer’s preferences and so-
phistication. This paper explores the optimal pricing of a firm facing time-inconsistent
consumers with dynamic private information. It showed how a firm can achieve perfect
price discrimination in a static environment, and design contracts containing provisions
that induce over-consumption in a sequential screening environment. The optimal con-
tract contains features that explain seemingly exploitative clauses in a credit contract.

This paper suggests that policies restricting credit contracts may exacerbate adverse
selection and introduce new distortions. It also suggests that policy evaluation that ig-
nores the improved screening of sophisticated agents with seemingly exploitative fea-
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tures would over-state the benefits of paternalistic regulations. Though this paper high-
lights a new cost to imposing paternalistic financial regulations, there is still more work
to be done before its welfare impact can be concretely evaluated.

This article also highlights theoretical properties of sequential screening with time-
inconsistent preferences, which is useful for future work. For example, the design of
optimal policies or insurance contracts for present-biased agents.
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A Proofs

Proof of Proposition 2: It has to be the case that
(
qR

θ , pR
θ

)
∈ C∗θ . Set

(
qR

θ , pR
θ

)
=
(
q∗θ , p∗θ

)
for

all θ ∈ Θ, so (3) automatically holds. For a threat mechanism, it remains to be shown that(
qT

θ′|θ, pT
θ′|θ

)
can be constructed so that

(
qT

θ′|θ, pT
θ′|θ

)
∈ C∗

θ′|θ and incentive compatibility is

satisfied while
(
qR

θ , pR
θ

)
∈ C∗θ . Since

(
qR

θ , pR
θ

)
=
(
q∗θ , p∗θ

)
for all θ ∈ Θ, the threat option

only needs to deter downward misreports.
Consider a type θ̃ ∈ Θ. Construct the threat allocations such that ∀θ > θ̃,

U
(

qT
θ̃|θ, pT

θ̃|θ; θ
)
= U (q∗θ , p∗θ ; θ) (12)

and for all θ, θ′ ≥ θ̃

θu
(

qT
θ̃|θ

)
− βpT

θ̃|θ ≥ θu
(

qT
θ̃|θ′
)
− βpT

θ̃|θ′ . (13)

Constraint (13) guarantees incentive compatibility off-equilibrium path. In essence, if
θ consumers misreported as θ̃ in t = 0, they choose the threat allocation

(
qT

θ̃|θ, pT
θ̃|θ

)
,

which is designed for θ consumers in t = 1. Constraint (12) is the incentive compatibility
constraint, so consumers weakly prefer reporting truthfully in t = 0.

Let qT
θ̃|θ̃ = q∗

θ̃
and pT

θ̃|θ̃ = p∗
θ̃

and the standard mechanism design techniques yields the

off-path revenue equivalence: ∀θ > θ̃,

pT
θ̃|θ =

1
β

[
θu
(

qT
θ̃|θ

)
−
∫ θ

θ̃
u
(

qT
θ̃|θ̂

)
dθ̂

]
− 1

β
θu
(
q∗

θ̃

)
+ p∗

θ̃
.

Along with constraint (12) and the fact that the range of u spans the whole positive reals,
the threat allocations in Cθ̃ are pinned down.

If qT
θ̃|θ is increasing in θ, then the above construction satisfies (13). To check that qT

θ̃|θ is
increasing in θ, notice by Proposition 1 and (12), the off-path revenue equivalence can be
rewritten as

θ
[
u
(

qT
θ̃|θ

)
− u

(
q∗

θ̃

)]
=

1
1− β

∫ θ

θ̃
u
(

qT
θ̃|θ̂

)
dθ̂.

Hence, qT
θ̃|θ is increasing in θ and (13) is satisfied.

The off-path threats are constructed so that all agents with θ ≥ θ̃ prefer to report
as θ rather than misreport as θ̃. The process above can be repeated for all types θ̂ ≥ θ

so that all higher types, θ ≥ θ̂, are deterred to misreport as θ̂, which completes the proof.
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Proof of Lemma 2: Lemma 1 implies V (σ, θ) is integrable in θ. The ex-ante utility is

U
(
σ′|σ

)
=
∫ θ

θ

[
1
β

θu (qσ′ (θ))− pσ′ (θ)−
(

1− β

β

)
θu (qσ′ (θ))

]
π (θ|σ) dθ

=
1
β

V
(
σ′, θ

)
+

1
β

∫ θ

θ

∫ θ

θ
u (qσ′ (t))π (θ|σ) dtdθ −

(
1− β

β

) ∫ θ

θ
θu (qσ′ (θ))π (θ|σ) dθ

=
1
β

V
(
σ′, θ

)
+

1
β

∫ θ

θ
[1−Π (θ|σ)− θ (1− β)π (θ|σ)] u (qσ′ (θ)) dθ.

The second equality comes from Lemma 1. This completes the proof.

Proof of Lemma 3: By Lemma 2, the ex-ante incentive compatibility constraints for σ and
σ′ with σ > σ′ are

U (σ) ≥ U
(
σ′|σ

)
= U

(
σ′
)
+
∫ θ

θ

[
Φ
(
θ|σ′

)
−Φ (θ|σ)

]
u (qσ′ (θ)) dθ,

U
(
σ′
)
≥ U

(
σ|σ′

)
= U (σ) +

∫ θ

θ

[
Φ (θ|σ)−Φ

(
θ|σ′

)]
u (qσ (θ)) dθ.

Integration by parts yields

∫ θ

θ

[
Φ
(
θ|σ′

)
−Φ (θ|σ)

]
u (qσ′ (θ)) dθ

=
∫ θ

θ

[
Π
(
θ|σ′

)
−Π (θ|σ)

] [
βu (qσ′ (θ))− (1− β) θu′ (qσ′ (θ))

∂qσ′ (θ)

∂θ

]
dθ.

By Lemma 1, qσ′ (θ) is non-decreasing. Therefore, if β is large enough, then∫ θ
θ [Φ (θ|σ′)−Φ (θ|σ)] u (qσ′ (θ)) dθ ≥ 0, which implies that U (σ) ≥ 0 when

U (σ′) ≥ 0 and U (σ) ≥ U (σ′|σ) . By a similar process, if β is small enough, then∫ θ
θ [Φ (θ|σ)−Φ (θ|σ′)] u (qσ (θ)) dθ ≥ 0, which implies that U (σ′) ≥ 0 when U (σ) ≥ 0

and U (σ′) ≥ U (σ|σ′) .

Proof of Theorem 1: When β is large, Lemma 3 implies that the individual rationality
constraint for the L-consumers is binding and at least one of the following constraints is
binding: the individual rationality constraint or the incentive compatibility constraint of
the H-consumers. Conjecture the incentive compatibility constraint for the L-consumers
is non-binding. Let λ and ξ denote the Lagrange multipliers on the incentive compati-
bility and the participation constraints for the H-consumers respectively. By Lemma 1,
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substituting in the expression for pσ (θ) , the Lagrangian is

γ

β

∫ θ

θ

{[
θ − 1−Π (θ|H)

π (θ|H)

]
u (qH (θ))− βcqH (θ)−V (H, θ)

}
π (θ|H) dθ

+
1− γ

β

∫ θ

θ

{[
θ − 1−Π (θ|L)

π (θ|L)

]
u (qL (θ))− βcqL (θ)−V (L, θ)

}
π (θ|L) dθ

+
λ

β

[
V (H, θ)−V (L, θ) +

∫ θ

θ
[1−Φ (θ|H)] [u (qH (θ))− u (qL (θ))] dθ

]

+
ξ

β

[
V (H, θ) +

∫ θ

θ
[1−Φ (θ|H)] u (qH (θ)) dθ

]
,

with V (L, θ) = −
∫ θ

θ [1−Φ (θ|L)] u (qL (θ)) dθ. This is a convex problem, because it can
be reformulated such that the firm chooses uσ (θ) = u (qσ (θ)) and qσ (θ) = u−1 (uσ (θ)) .
Hence, the problem is strictly concave with a linear participation constraint for the H-
consumers. The first order conditions are satisfied if

θu′ (qH (θ)) = c and
[

θ − λ

β (1− γ)

(
Φ (θ|L)−Φ (θ|H)

π (θ|L)

)]
u′ (qL (θ)) = c.

Clearly, Assumption 1 guarantees qL (θ) is non-decreasing in θ.
Also, λ > 0, because if λ = 0 then the firm can increase pH (θ) . This implies U (H) =

U (L|H) . From the first order condition on V (H, θ) , λ + ξ = γ. Since ξ ≥ 0, it must be
that λ ∈ (0, γ] . By complementary slackness, if λ = γ (ξ = 0) then U (H) ≥ 0. Also, if
λ < γ (ξ > 0), then U (H) = 0.

Finally, if L-consumers mimic H-consumers, the utility is

U (H|L) = 1
β

∫ θ

θ
[Φ (θ|L)−Φ (θ|H)] [u (qL (θ))− u (qH (θ))] dθ.

By Assumption 1, if there is θc such that for any θ ≥ θc, Φ (θ|L) ≤ Φ (θ|H) , then
the optimal contract has qL (θ) ≥ qH (θ) for any θ ≥ θc. Similarly, for any θ ≤ θc,
Φ (θ|L) ≥ Φ (θ|H) and the optimal contract has qL (θ) ≤ qH (θ) . This implies that
U (H|L) ≤ 0, so the incentive compatibility constraint for the L-consumers is satisfied.

Proof of Corollary 1: Let g (θ) = Φ (θ|L) − Φ (θ|H) . Since g is a continuous function
and Assumption 2 is satisfied, the intermediate value theorem implies that there exists
θc ∈

(
θ, θ
)

such that g (θ) = 0. By Assumption 1, for any θ > θc, Φ (θ|H) > Φ (θ|L) , and
if θ < θc, Φ (θ|H) < Φ (θ|L) . The result follows from Theorem 1.
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Proof of Corollary 2: The optimal payment schedule satisfies consumers’ first order
condition: θu′ (q) = βp′ (q) . By Corollary 1, Theorem 3 and Lemma 1, the optimal pay-
ment schedules p (q) have the following property: p′H (q) ≤ p′L (q) for q ≤ qc, p′H (q) >

p′L (q) for q > qc.

Proof of Theorem 2: For large β, by Lemma 2, Lemma 3 and the fact that κ > 1
2 and

η ≤ γ, it is optimal to decrease V (L, θ) till U (L) = 0. Similarly, it is optimal to decrease

V (H, θ) till U (H) = U (L|H) , so U (H) = 1
β

∫ θ
θ [Φ (θ|L)−Φ (θ|H)] u (qL (θ)) dθ. The

optimization problem can be rewritten as

κγ

β

∫ θ

θ
{β [θu (qH (θ))− cqH (θ)]π (θ|H)− [Φ (θ|L)−Φ (θ|H)] u (qL (θ))} dθ

+
κ (1− γ)

β

∫ θ

θ
β [θu (qL (θ))− cqL (θ)]π (θ|L) dθ

+
(1− κ) η + ξ

β

∫ θ

θ
[Φ (θ|L)−Φ (θ|H)] u (qL (θ)) dθ,

where ξ is the multiplier on the individual rationality constraint for H-consumers. The
first order conditions are satisfied if

θu′ (qH (θ)) = c and
[

θ − λ

β (1− γ)

(
Φ (θ|L)−Φ (θ|H)

π (θ|L)

)]
u′ (qL (θ)) = c,

where λ = γ−
(

1−κ
κ

)
η − ξ

κ and ξ ∈ [0, κγ− (1− γ) η) .

Proof of Lemma 4: Let sophistication β̂ = βn ∈ [β, 1] . Lemma 2 and the ex-ante incentive
compatibility constraint implies

U
(
σ′
)
−U (σ) ≥ 1

βn

∫ θ

θ

[
Φn (θ|σ)−Φn (θ|σ′)] u (qσ (θ)) dθ,

where Φn (θ|σ) = Π (θ|σ) + θ (1− βn)π (θ|σ) . Exchanging σ′ and σ yields

U
(
σ′
)
−U (σ) ≤ 1

βn

∫ θ

θ

[
Φn (θ|σ)−Φn (θ|σ′)] u (qσ′ (θ)) dθ.

By combining both inequalities and dividing them by σ′ − σ and let σ′ → σ, we get
∂U(σ)

∂σ = − 1
βn

∫ θ
θ

∂Φn(θ|σ)
∂σ u (qσ (θ)) dθ. Finally, by combining both inequalities and dividing
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them by (σ′ − σ)2 and let σ′ → σ, we get − 1
βn

∫ θ
θ

∂Φn(θ|σ)
∂σ

∂qσ(θ)
∂σ u′ (qσ (θ)) dθ ≥ 0. We

obtain Lemma 4 when βn = 1.

Proof of Lemma 5: Let sophistication β̂ = βn ∈ (β, 1] . If the imaginary allocations are
perceived ex-post incentive compatible, then the fooling constraints (6) and executability
constraints (7) can be written as

θu
(

qI
σ (θ)

)
− βn pI

σ (θ) ≥ max
θ′

{
θu
(

qR
σ

(
θ′
))
− βn pR

σ

(
θ′
)}

. (14)

θu
(

qR
σ (θ)

)
− βpR

σ (θ) ≥ max
θ′

{
θu
(

qI
σ

(
θ′
))
− βpI

σ

(
θ′
)}

. (15)

Since the real allocations are ex-post incentive compatible, the non-sophisticated con-
sumers at t = 0 predict their future-selves choosing to report

β

βn
θ = arg max

θ′

[
θu
(

qR
σ

(
θ′
))
− βn pR

σ

(
θ′
)]

if they have realized type θ and chose the real allocations. Similarly, since the imaginary
allocations are perceived ex-post incentive compatible, then at t = 1 the consumers would
report βn

β θ if they have realized type θ and chose the imaginary allocations. Hence, (14)
and (15) can be simplified as

θu
(

qI
σ (θ)

)
− βn pI

σ (θ) ≥ θu
(

qR
σ

(
β

βn
θ

))
− βn pR

σ

(
β

βn
θ

)
. (16)

θu
(

qR
σ (θ)

)
− βpR

σ (θ) ≥ θu
(

qI
σ

(
βn

β
θ

))
− βpI

σ

(
βn

β
θ

)
. (17)

By Lemma 1 and revenue equivalence for belief βn, pI
σ (θ) = pI

σ (θ) +
1

βn

[
θu
(
qI

σ (θ)
)
− θu

(
qI

σ (θ)
)
−
∫ θ

θ u
(
qI

σ (t)
)

dt
]

, the following can be derived

VR (σ, θ) = VR (σ, θ) +
∫ θ

θ
u
(

qR
σ (t)

)
dt,

W I (σ, θ) = W I (σ, θ) +
∫ θ

θ
u
(

qI
σ (t)

)
dt,

θu
(

qI
σ

(
βn

β
θ

))
− βpI

σ

(
βn

β
θ

)
=

β

βn

[
W I (σ, θ) +

∫ βn
β θ

θ
u
(

qI
σ (t)

)
dt

]
,
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θu
(

qR
σ

(
β

βn
θ

))
− βn pR

σ

(
β

βn
θ

)
=

βn

β

[
VR (σ, θ) +

∫ β
βn θ

θ
u
(

qR
σ (t)

)
dt

]
,

which shows the fooling and executability constraints. Setting βn = 1 yields the results.

Proof of Theorem 3: Let sophistication β̂ = βn ∈ (β, 1] . The firm maximizes profit∫ σ
σ

∫ θ
θ

[
pR

σ (θ)− cqR
σ (θ)

]
π (θ|σ) γ (σ) dθ subject to the participation constraints: U I (σ) ≥

0 for any σ ∈ Σ, the ex-ante incentive compatibility constraints: U I (σ) ≥ U I (σ′|σ) for
any σ, σ′ ∈ Σ, and the fooling and executability constraints: (10), (11).

Let βn ∈ (β, 1] be the level of sophistication. By examining (10) and (11), (11) binds
at the optimum. It is also clear that U I (σ) = 0. The analysis proceeds by ignoring (10),
which is verified at the end. With Lemma 1 and (11) binding,

pR
σ (θ) =

1
β

θu
(

qR
σ (θ)

)
− 1

βn

[
W I (σ, θ) +

∫ βnθ
β

θ
u
(

qI
σ (t)

)
dt

]
.

Hence, the firm’s objective is to maximize

∫ σ

σ

∫ θ

θ

[
θu
(

qR
σ (θ)

)
− cβqR

σ (θ)
]

π (θ|σ) γ (σ) dθ

− β

βn

∫ σ

σ
W I (σ, θ) γ (σ) dσ− β

βn

∫ σ

σ

∫ θ

θ

∫ βn
β θ

θ
u
(

qI
σ (t)

)
π (θ|σ) γ (σ) dtdθdσ.

Immediately, the optimal real allocations satisfy θu′
(
qR

σ (θ)
)
= cβ for all σ and θ. Also,

the imaginary allocations are chosen to maximize

−
∫ σ

σ
W I (σ, θ) γ (σ) dσ−

∫ σ

σ

∫ θ

θ

∫ βn
β θ

θ
u
(

qI
σ (t)

)
π (θ|σ) γ (σ) dtdθdσ.

Since W I (σ, θ) = βnU I (σ)−
∫ θ

θ [1−Φn (θ|σ)] u
(
qI

σ (θ)
)

dθ, where Φn (θ|σ) = Π (θ|σ) +
θ (1− βn)π (θ|σ) , then

∫ σ

σ
W I (σ, θ) γ (σ) dσ = βn

∫ σ

σ
U I (σ) γ (σ) dσ−

∫ σ

σ

∫ θ

θ
[1−Φn (θ|σ)] u

(
qI

σ (θ)
)

γ (σ) dθdσ

= −
∫ σ

σ

∫ θ

θ

[
1− Γ (σ)

γ (σ)

∂Φn (θ|σ)
∂σ

+ 1−Φn (θ|σ)
]

u
(

qI
σ (θ)

)
γ (σ) dθdσ.

Integration by parts using Lemma 4 and U I (σ) = 0 implies
∫ σ

σ U I (σ) γ (σ) dσ can be
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rewritten as−
∫ σ

σ

∫ θ
θ [1− Γ (σ)]

∂Φn(θ|σ)
∂σ u (qσ (θ)) dθdσ, which gives us the second equality

above. Hence, when βn = 1, Φn (θ|σ) = Π (θ|σ) , so the optimal imaginary allocations are
qI

σ (θ) = 0 for any σ ∈ Σ and θ ∈ Θ. The optimal payment scheme immediately follows
from the revenue equivalence for both real and imaginary allocations.

To check the fooling constraints are satisfied, recall that (11) is binding at the optimum
and if qI

σ (θ) = 0, then VR (σ, θ) = −
∫ θ

θ u
(
qR

σ (t)
)

dt. From (10), for any σ, the fooling
constraints are rewritten as

0 ≥ −
∫ θ

θ
u
(

qR
σ (t)

)
dt +

∫ βθ

θ
u
(

qR
σ (t)

)
dt.

Since the optimal qR
σ is increasing in θ, the expression above is strictly negative. As a

result, the fooling constraints hold.

Proof of Theorem 4: The proof proceeds by first focusing on local ex-ante incentive con-
straints and U (σ) = 0, and ignoring other participation and ex-ante incentive compat-
ibility constraints. It ends by checking that all participation constraints hold when β is
sufficiently large and U (σ) = 0 and Assumption 5 implies the ex-ante incentive compat-
ibility constraints hold globally.

The firm maximizes expected profit
∫ σ

σ

∫ θ
θ [pσ (θ)− cqσ (θ)]π (θ|σ) γ (σ) dθdσ, which

can be rewritten as

∫ σ

σ

∫ θ

θ
[θu (qσ (θ))− cqσ (θ)]π (θ|σ) γ (σ) dθdσ−

∫ σ

σ
U (σ) γ (σ) dσ.

By integration by parts and Lemma 4 (from the proof, ∂U(σ)
∂σ = − 1

β

∫ θ
θ

∂Φ(θ|σ)
∂σ u (qσ (θ)) dθ),

∫ σ

σ
U (σ) γ (σ) dσ = U (σ)− 1

β

∫ σ

σ

∫ θ

θ
[1− Γ (σ)]

∂Φ (θ|σ)
∂σ

u (qσ (θ)) dθdσ.

Therefore, the firm chooses qσ (θ) to maximize

∫ σ

σ

∫ θ

θ

{[
θ +

1− Γ (σ)

βγ (σ)

∂Φ(θ|σ)/∂σ

π (θ|σ)

]
u (qσ (θ))− cqσ (θ)

}
π (θ|σ) γ (σ) dθdσ−U (σ) .

Clearly, at the optimum, U (σ) = 0. Also, the first order condition gives us the optimal
quantity qσ (θ) and Assumption 3 guarantees ex-post incentive compatibility.

Next, to see that Assumptions 4 and 5 imply that local ex-ante incentive compatibility
is sufficient for global ex-ante incentive compatibility, notice that ex-ante incentive com-
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patibility implies for any σ, σ′ ∈ Σ,

U (σ)−U
(
σ′|σ

)
= U (σ)−U

(
σ′
)
+U

(
σ′
)
−U

(
σ′|σ

)
=
∫ σ

σ′

[
U′ (σ̂)− ∂U (σ′|σ̂)

∂σ̂

]
dσ̂ ≥ 0.

By Lemma 2, ∂U(σ′|σ̂)
∂σ̂ = − 1

β

∫ θ
θ

∂Φ(θ|σ̂)
∂σ̂ u (qσ′ (θ)) dσ, and along with Lemma 4, we have

U (σ)−U
(
σ′|σ

)
=

1
β

∫ σ

σ′
[u (qσ′ (θ))− u (qσ̂ (θ))]

∂Φ (θ|σ̂)
∂σ̂

dσ̂.

For σ̂ > σ′ and θ < θc, Assumptions 4 and 5 guarantee u (qσ′ (θ)) ≤ u (qσ̂ (θ)) , and with
Assumption 3, ∂Φ(θ|σ̂)

∂σ̂ ≤ 0. For σ̂ > σ′ and θ > θc, u (qσ′ (θ)) ≥ u (qσ̂ (θ)) , and with
Assumption 3, ∂Φ(θ|σ̂)

∂σ̂ ≥ 0. This implies that U (σ) ≥ U (σ′|σ) , so the contract is ex-ante
incentive compatible for any downward deviation. A similar procedure also shows it is
ex-ante incentive compatible for upward deviations.

Finally, participation constraints for any σ > σ is slack when β is large. By Lemma 4,

∂U (σ)

∂σ
=

1
β

∫ θ

θ
−∂Φ (θ|σ)

∂σ
u (qσ (θ)) dθ

=
1
β

∫ θ

θ
−
[

∂Π (θ|σ)
∂σ

+ θ (1− β)
∂π (θ|σ)

∂σ

]
u (qσ (θ)) dθ

=
1
β

∫ θ

θ
−∂Π (θ|σ)

∂σ
u (qσ (θ)) dθ

+
1
β

∫ θ

θ
(1− β)

∂Π (θ|σ)
∂σ

[
u (qσ (θ)) + θu′ (qσ (θ))

∂qσ (θ)

∂θ

]
dθ

=
1
β

∫ θ

θ
−∂Π (θ|σ)

∂σ

[
βu (qσ (θ))− θ (1− β)Ξ (σ, θ)

u′ (qσ (θ))

u′′ (qσ (θ))
u′ (qσ (θ))

]
dθ,

where Ξ (σ, θ) = −
[
1− 1−Γ(σ)

βγ(σ)
∂Ψσ(θ)

∂θ

][
θ − 1−Γ(σ)

βγ(σ)
Ψσ (θ)

]−1
≤ 0. The third line comes

from integration by parts, and the fourth line comes from implicit differentiation of
the optimal quantity. It remains to show that when β is sufficiently large, βu (qσ (θ))−
θ (1− β)Ξ (σ, θ)

u′(qσ(θ))
u′′(qσ(θ))

u′ (qσ (θ))≥0. To see this, notice that by Assumption 3, qσ (θ) >

0 for any σ ∈ Σ and θ ∈ Θ. Hence, there exists M∈ (0, ∞) such that− u′(qσ(θ))
u′′(qσ(θ))

u′(qσ(θ))
u(qσ(θ))

<M.

Also, −θΞ (σ, θ) =
[
θ − 1−Γ(σ)

βγ(σ)
Ψσ (θ) εψ (σ, θ)

][
θ − 1−Γ(σ)

βγ(σ)
Ψσ (θ)

]−1
is finite by Assump-

tion 3. As a result, there exists β̄ such that for any β ≥ β̄, ∂U(σ)
∂σ > 0, so it is optimal to

choose the contract such that U (σ) = 0 and U (σ) > 0 for all σ > σ.
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B Model of Late Fees

This appendix provides the main technical derivations for Section 4.2. Let the direct
mechanism be C = {(pσ,1 (θ) , pσ,2 (θ))}σ∈Σ,θ∈Θ .

Lemma 6 For any σ ∈ Σ, C is ex-post incentive compatible if and only if for any σ ∈ Σ :

i. pσ,1 (θ) is non-increasing in θ,

ii. V (σ, θ) is absolutely continuous in θ, and ∂V
∂θ = −1

2 (pσ,1 (θ))
2 when differentiable.

Lemma 6 yields the revenue equivalence:

pσ,2 (θ) =
1
β

[
−θ

2
(pσ,1 (θ))

2 −V (σ, θ) +
1
2

∫ θ

θ
(pσ,1 (t))

2 dt
]

.

This gives us the following lemma.

Lemma 7 If C is ex-post incentive compatible, then for any σ, σ′ ∈ Σ,

U
(
σ′|σ

)
= q +

1
β

V
(
σ′, θ

)
− 1

2β

∫ θ

θ
[1−Φ (θ|σ)] (pσ,1 (θ))

2 dθ,

where Φ (θ|σ) = Π (θ|σ) + θ (1− β)π (θ|σ) .

The creditor is maximizing the sum of
∫ θ

θ [pσ,1 (θ) + pσ,2 (θ)− q]π (θ|σ) dθ. From pre-
vious analysis, it is clear that at the optimum, U (H) = 0 and U (L) = U (H|L) ≥ 0. The
following theorem derives the optimal contract when β is large. The proof is similar to
the proof of Theorem 1, so it is omitted.

Proposition 4 If β is sufficiently large, then the optimal contract has pL,1 (θ) = 1
θ and

pH,1 (θ) =
[
θ +

(
1−γ
βγ

)
Ψ (θ)

]−1
, where U (H) = 0 and U (L) = U (H|L) ≥ 0. The

late payment schedule is pσ,2 (θ) = 1
β

[
− θ

2 (pσ,1 (θ))
2 −V (σ, θ) + 1

2

∫ θ
θ (pσ,1 (t))

2 dt
]

for all
σ ∈ {L, H} .

For exploitative contracts, the firm designs the contract so that it satisfies the fooling
and executability constraints. Let βn ∈ (β, 1] denote the sophistication level. I continue
to focus on perceived ex-post incentive compatible contracts. The fooling constraints are
for any σ ∈ Σ and θ ∈ Θ,

−θ

2

(
pI

σ,1 (θ)
)2
− βn pI

σ,2 (θ) ≥ −
θ

2

(
pR

σ,1

(
β

βn
θ

))2

− βn pR
σ,2

(
β

βn
θ

)
,
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and the executability constraints are for any σ ∈ Σ and θ ∈ Θ,

−θ

2

(
pR

σ,1 (θ)
)2
− βpR

σ,2 (θ) ≥ −
θ

2

(
pI

σ,1

(
βn

β
θ

))2

− βpI
σ,2

(
βn

β
θ

)
.

Lemma 8 If the real allocations are ex-post incentive compatible and the imaginary allocations
are perceived ex-post incentive compatible, then the fooling constraints are, ∀σ ∈ Σ,

W I (σ, θ)− 1
2

∫ θ

θ

(
pI

σ,1 (t)
)2

dt ≥ βn

β

[
VR (σ, θ)− 1

2

∫ β
βn θ

θ

(
pR

σ,1 (t)
)2

dt

]
, (18)

and the executability constraints are, ∀σ ∈ Σ and ∀θ ∈ Θ,

VR (σ, θ)− 1
2

∫ θ

θ

(
pR

σ,1 (t)
)2

dt ≥ β

βn

[
W I (σ, θ)− 1

2

∫ βn
β θ

θ

(
pI

σ,1 (t)
)2

dt

]
. (19)

Similar to previous analysis, the executability, downward ex-ante incentive compati-
bility and participation constraints for L-consumers are binding at the optimum. The firm
chooses pR

σ,1 and pI
σ,1 to maximize

∫ σ

σ

∫ θ

θ

[
pR

σ,1 (θ)−
θ

2β

(
pR

σ,1 (θ)
)2
]

π (θ|σ) γ (σ) dθdσ−
∫ σ

σ
γ (σ) BI (σ) dσ

where BI (σ) = q + 1
βn

W I (σ, θ)− 1
2βn

∫ θ
θ

∫ βn
β θ

θ

(
pI

σ,1 (t)
)2

π (θ|σ) dtdθ. Notice that the firm

wants to set pI
σ,1 (θ) as large as possible, so that consumers incorrectly believe that they

will face a front-loaded payment scheme. The following proposition formalizes the ex-
ploitative contract with late fees.

Proposition 5 When βn = 1, for all σ ∈ Σ, pR
σ,1 (θ) =

β
θ for any θ ∈ ΘR =

[
β

βn
θ, θ
]

, and pI
σ is

front-loaded.
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