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Researchers as well as policymakers have expressed concerns that some contract features in 
the credit-card and subprime mortgage markets may induce consumers to borrow too much and 
to make suboptimal contract and repayment choices.1 These concerns are motivated in part by 
intuition and evidence on savings and credit suggesting that consumers have a time-inconsistent 
taste for immediate gratification and often naïvely underestimate the extent of this taste.2 Yet 
the formal relationship between a taste for immediate gratification and consumer behavior and 
welfare in the credit market remains largely unexplored and unclear. Existing work on contract-
ing with time inconsistency (DellaVigna and Ulrike Malmendier 2004; Botond K     o szegi 2005; 

1 See, for instance, Lawrance M. Ausubel (1997), Thomas A. Durkin (2000), Kathleen C. Engel and Patricia A. 
McCoy (2002), Oren Bar-Gill (2004), Elizabeth Warren (2007), and Bar-Gill (2008).

2 David I. Laibson, Andrea Repetto, and Jeremy Tobacman (2007) estimate that to explain a typical household’s simul-
taneous holdings of substantial illiquid wealth and credit-card debt, the household’s short-term discount rate must be 
higher than its long-term discount rate. Complementing this finding, Stephan Meier and Charles Sprenger (2009) docu-
ment that low- and middle-income individuals who exhibit a taste for immediate gratification in experimental choices 
over monetary payments have more outstanding credit-card debt. Laibson, Repetto, and Tobacman (2007) calculate that 
many households are made worse off by owning credit cards, so the fact that they get those cards suggests some degree of 
naïvete about future use. Consistent with this idea, consumers overrespond to the introductory “teaser” rates in credit-card 
solicitations relative to the length of the introductory period (Haiyan Shui and Ausubel 2004) and the post-introductory 
interest rate (Ausubel 1999), suggesting that they end up borrowing more than they intended or expected. Paige Marta 
Skiba and Tobacman (2007) find that the majority of payday borrowers default on a loan, yet do so only after paying 
significant costs to service their debt. Calibrations indicate that such costly delay in default is only consistent with par-
tially naïve time inconsistency. For further discussions as well as evidence for a taste for immediate gratication in other 
domains, see Stefano DellaVigna (2009).
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Kfir Eliaz and Ran Spiegler 2006) does not investigate credit contracts and especially welfare 
and possible welfare-improving interventions in credit markets in detail. Furthermore, because 
borrowing on a mortgage or to purchase a durable good typically involves up-front effort costs 
with mostly delayed benefits, models of a taste for immediate gratification do not seem to predict 
much of the overextension that has worried researchers and policymakers.

In this paper, we provide a formal economic analysis of the features and welfare effects of 
credit contracts when some consumers have a time-inconsistent taste for immediate gratification 
that they may only partially understand. Consistent with real-life credit-card and subprime mort-
gage contracts but (we argue) inconsistent with natural specifications of rational time-consistent 
theories, in the competitive equilibrium of our model firms offer seemingly cheap credit to be 
repaid quickly, but introduce large penalties for falling behind this front-loaded repayment sched-
ule. The contracts are designed so that borrowers who underestimate their taste for immediate 
gratification both pay the penalties and repay in an ex ante suboptimal back-loaded manner 
more often than they predict or prefer. To make matters worse, the same misprediction leads 
nonsophisticated consumers to underestimate the cost of credit and borrow too much—despite 
borrowing being for future consumption. And because the penalties whose relevance borrowers 
mispredict are large, these welfare implications are typically large even if borrowers mispredict 
their taste for immediate gratification by only a little bit and firms observe neither borrowers’ 
preferences nor their beliefs. Accordingly, for any positive proportion of nonsophisticated bor-
rowers in the population, a policy of disallowing large penalties for deferring small amounts of 
repayment—akin to recent new US regulations limiting prepayment penalties on mortgages and 
certain interest charges and fees on credit cards—can raise welfare.

Section I presents our model. There are three periods, 0, 1, and 2. If the consumer borrows an 
amount c in period 0 and repays amounts q and r in periods 1 and 2, respectively, self 0, her period-0 
incarnation, has utility c − k(q) − k(r), where k(·) represents the cost of repayment. Self 1 maxi-
mizes −k(q) − βk(r) for some 0 < β ≤ 1, so that for β < 1 the consumer has a time-inconsistent 
taste for immediate gratification: in period 1, she puts lower relative weight on the period-2 cost of 
repayment—that is, has less self-control—than she would have preferred earlier. Since much of the 
borrowing motivating our analysis is for future consumption, self 0 does not similarly discount the 
cost of repayment relative to the utility from consumption c. Consistent with much of the literature, 
we take the long-term perspective and equate the consumer’s welfare with self 0’s utility, but the 
overborrowing we find means that self 1 and self 2 are also hurt by a nonsophisticated borrower’s 
contract choice. To allow for self 0 to be overoptimistic regarding her future self-control, we fol-
low Ted O’Donoghue and Matthew Rabin (2001) and assume that she believes she will maximize 
−k(q) −   ̂  

 
 β k(r) in period 1, so that   ̂  

 
 β  satisfying β ≤   ̂  

 
 β  ≤ 1 represents her beliefs about β.

The consumers introduced above can sign exclusive nonlinear contracts in period 0 with com-
petitive profit-maximizing suppliers of credit, agreeing to a consumption level c as well as a 
menu of installment plans (q, r) from which self 1 will choose. Both for theoretical comparison 
and as a possible policy intervention, we also consider competitive markets in which dispropor-
tionately large penalties for deferring small amounts of repayment are forbidden. Formally, in 
a restricted market contracts must be linear—a borrower can shift repayment between periods 
1 and 2 according to a single interest rate set by the contract—although as we discuss, there are 
other ways of eliminating disproportionately large penalties that have a similar welfare effect.

Section II establishes our main results in a basic model in which β and   ̂  
 

 β  are known to firms. 
Since a sophisticated borrower—for whom   ̂  

 
 β  = β—correctly predicts her own behavior, she 

accepts a contract that maximizes her ex ante utility. In contrast, a nonsophisticated borrower—
for whom   ̂  

 
 β  > β—accepts a contract with which she mispredicts her own behavior: she believes 

she will choose a cheap front-loaded repayment schedule (making the contract attractive), but 
she actually chooses an expensive back-loaded repayment schedule (allowing firms to break 
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even). Worse, because the consumer fails to see that she will pay a large penalty and back-load 
repayment—and not because she has a taste for immediate gratification with respect to con-
sumption—she underestimates the cost of credit and borrows too much. Due to this combination 
of decisions, a nonsophisticated consumer, no matter how close to sophisticated, has discon-
tinuously lower welfare than a sophisticated consumer. This discontinuity demonstrates in an 
extreme form our main point regarding contracts and welfare in the credit market: that because 
the credit contracts firms design in response postulate large penalties for deferring repayment, 
even relatively minor mispredictions of preferences by borrowers can have large welfare effects.

Given the low welfare of nonsophisticated borrowers in the unrestricted market, we turn to 
identifying welfare-improving interventions. Because in a restricted market borrowers have the 
option of paying a small fee for deferring a small amount of repayment, nonsophisticated but not-
too-naïve borrowers do not drastically mispredict their future behavior, and hence have higher 
utility than in the unrestricted market. Since sophisticated borrowers achieve the highest possible 
utility in both markets, this means that a restricted market often Pareto dominates the unrestricted 
one. If many borrowers are very naïve, a restricted market can be combined with an interest-rate 
cap to try to limit borrowers’ misprediction and achieve an increase in welfare.

The properties of nonsophisticated borrowers’ competitive-equilibrium contracts, and the 
restriction disallowing disproportionately large penalties for deferring small amounts of repay-
ment, have close parallels in real-life credit markets and their regulation. As has been noted by 
researchers, the baseline repayment terms in credit-card and subprime mortgage contracts are 
typically quite strict, and there are large penalties for deviating from these terms. For example, 
most subprime mortgages postulate drastically increased monthly payments shortly after the 
origination of the loan or a large “balloon” payment at the end of a short loan period, and fail-
ing to make these payments and refinancing triggers significant prepayment penalties. Similarly, 
most credit cards do not charge interest on any purchases if a borrower pays the entire balance 
due within a short one-month grace period, but do charge interest on all purchases if she revolves 
even $1. To protect borrowers, new regulations restrict these and other practices involving large 
penalties: in July 2008 the Federal Reserve Board severely limited the use of prepayment penal-
ties, and the Credit CARD Act of 2009 prohibits the use of interest charges for partial balances 
the consumer has paid off, and restricts fees in other ways. Opponents have argued that these 
regulations will decrease the amount of credit available to borrowers and exclude some borrow-
ers from the market. Our model predicts the same thing, but also says that this will benefit rather 
than hurt consumers—who have been borrowing too much and will now borrow less because 
they better understand the cost of credit.

In Section III, we consider equilibria when β is unknown to firms, and show that with two 
important qualifications the key results above survive. First, since sophisticated and nonsophisti-
cated borrowers with the same   ̂  

 
 β  are now indistinguishable to firms, the two types sign the same 

contract in period 0. This contract has a low-cost front-loaded repayment schedule that a sophisti-
cated borrower chooses, and a high-cost back-loaded repayment schedule that a nonsophisticated 
borrower chooses. As before, even if a nonsophisticated borrower is close to sophisticated, the 
only way she can deviate from the front-loaded repayment schedule is by paying a large fee. 
Furthermore, we identify reasonable conditions under which consumers self-select in period 0 
into these same contracts even if β and   ̂  

 
 β  are both unknown to firms. Second, while the restricted 

market does not Pareto dominate the unrestricted one, we establish that for any proportion of 
sophisticated and nonsophisticated borrowers, if nonsophisticated borrowers are not too naïve, 
then the restricted market has higher total welfare.

In Section IV, we generalize our basic model—in which a nonsophisticated borrower believes 
with certainty that her taste for immediate gratification is above β—as well as other existing 
models of partial naïvete and allow borrower beliefs to be a full distribution F(  ̂  

 
 β ). We show that 
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whether or not borrower beliefs are known, the qualitative predictions we have emphasized for 
nonsophisticated borrowers—overborrowing, often paying large penalties, and getting discretely 
lower welfare than sophisticated borrowers—depend not on F(β) = 0, but on F(β) being bounded 
away from 1. Since this condition is likely to hold for many or most forms of near-sophisticated 
borrower beliefs, our observation that small mispredictions have large welfare effects is quite 
general. For example, even if the borrower has extremely tightly and continuously distributed 
beliefs centered around her true β, her welfare is not close to that of the sophisticated borrower. 
We also highlight an important asymmetry: while overestimating one’s self-control, even proba-
bilistically and by a small amount, has significant welfare implications, underestimating it has no 
welfare consequences whatsoever.

In Section V, we discuss how our theory contributes to the literature on contracting with time-
inconsistent or irrational consumers and relates to neoclassical screening. We are not aware of a 
theory with rational time-consistent borrowers that explains the key contract features predicted 
by our model, and we argue that natural specifications do not do so. Because the main predic-
tions of our model are about repayment terms, the most likely neoclassical screening explanation 
would revolve around heterogeneity in borrowers’ ability to repay the loan early. If borrowers 
know at the time of contracting whether they can repay fast, a lender will offer an expensive loan 
with back-loaded repayment intended for those who cannot, but achieving this using a prepay-
ment penalty and going through the costs of refinancing is inefficient. If borrowers do not know 
at the time of contracting whether they can repay fast, a model of sequential screening (Pascal 
Courty and Hao Li 2000) or postcontractual hidden knowledge predicts that—analogously to 
business travelers’ expensive but flexible airline tickets—the optimal loan is expensive if repaid 
quickly but allows borrowers to cheaply change the repayment schedule. This is of course exactly 
the opposite pattern of what we find and what is the case in reality.

In Section VI, we conclude the paper by emphasizing some shortcomings of our framework, 
especially the importance of studying two major questions raised by our results: what regulations 
nonsophisticated borrowers will accept, and whether and how borrowers might learn about their 
time inconsistency. Proofs are in the Web Appendix.

I.  A Model of the Credit Market

A. Set-up

In this section, we introduce our model of the credit market, beginning with borrower behavior. 
There are three periods, t = 0, 1, 2. Self 0’s utility is c − k(q) − k(r), where c ≥ 0 is the amount 
the consumer borrows in period 0, and q ≥ 0 and r ≥ 0 are the amounts she repays in periods 1 
and 2, respectively.3 Self 1 maximizes −k(q) − βk(r), where β satisfying 0 < β ≤ 1 parameter-
izes the time-inconsistent taste for immediate gratification (as in Laibson 1997). Note that while 
self 1 discounts the future cost of repayment by a factor of β, because much of the borrowing 
motivating our analysis is for future consumption,4 self 0—from whose perspective c, q, r are all 
in the future—does not discount the cost of repayment relative to the utility from consumption. 

3 The bounds on q and r are necessary for a competitive equilibrium to exist when β and   ̂  
 

 β  defined below are known. 
In this case, the model yields a corner solution for the amount the borrower expects to pay in period 2. Any finite lower 
bound, including a negative one, yields the same qualitative results. Section III demonstrates that when β is unknown and 
k′(0) is sufficiently low, the bounds are not binding.

4 Most mortgages require substantial time and effort during the application process, and yield mostly delayed benefits 
of enjoying the new or repaired home. Similarly, a significant amount of credit-card spending seems to be on durables 
and other future-oriented goods (Celia Ray Hayhoe et al. 2000, Susan Reda, “2003 Consumer Credit Survey.” Stores 
magazine, November.)
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The cost function k(·) is twice continuously differentiable with k(0) = 0, β > k′(0) > 0, k″(x) > 
0 for all x ≥ 0, and limx→∞k′(x) = ∞. Our results would not fundamentally change if the utility 
from consumption c was concave instead of linear. Moreover, since self 1 makes no decision 
regarding c, under separability from the cost of repayment our analysis would be unaffected 
if—as is reasonable for mortgages and durable goods—the utility from consumption was decom-
posed into a stream of instantaneous utilities and added to self 1’s utility function.

Following Ted O’Donoghue and Matthew Rabin’s (2001) formulation of partial naïvete, we 
assume that self 0 believes with certainty that self 1 will maximize −k(q) −   ̂  

 
 β k(r), where β ≤   ̂  

 
 β  

≤ 1. The parameter   ̂  
 

 β  reflects self 0’s beliefs about β, so that   ̂  
 

 β  = β corresponds to perfect sophis-
tication regarding future preferences,   ̂  

 
 β  = 1 corresponds to complete naïvete about the time incon-

sistency, and more generally   ̂  
 

 β  is a measure of sophistication. Because the O’Donoghue-Rabin 
specification of partial naïvete using degenerate beliefs is special, in Section IV we allow borrower 
beliefs to be any distribution, and show that so long as a nonsophisticated borrower attaches non-
trivial probability to her time inconsistency being above β, most of our qualitative results survive. In 
addition, although evidence indicates that people are more likely to have overly optimistic beliefs  
(  ̂  
 

 β  > β ), in Section IV we consider the possibility of overly pessimistic beliefs (  ̂  
 

 β  < β ), and show 
that—unlike overoptimism—this mistake has no consequences in equilibrium.

We think of a group of consumers who are indistinguishable by firms as a separate market, and 
will define competitive equilibrium for a single separate such market. We assume that the possible 
β’s in a market are β1 < β2 < ⋯ < βI, and   ̂  

 
 β  ∈ {β2, … , βI }. For any given   ̂  

 
 β  = βi, the borrower 

has β = βi with probability pi and β = βi−1 with probability 1 − pi. If firms observe   ̂  
 

 β , then I = 2;
and if they also observe β, then in addition p2 = 0 or p2 = 1.

Since the credit market seems relatively competitive—at least at the initial stage of contract-
ing—we assume that the borrowers introduced above interact with competitive, risk-neutral, 
profit-maximizing lenders.5 For simplicity, we assume that firms face an interest rate of zero, 
although this does not affect any of our qualitative results. Borrowers can sign nonlinear contracts 
in period 0 regarding consumption and the repayment schedule, and these contracts are exclusive: 
once a consumer signs with a firm, she cannot interact with other firms.6 An unrestricted credit 
contract is a consumption level c along with a finite menu  = {(qs, rs)}s∈S of repayment options, 
and is denoted by (c,  ). To focus on the role of borrower mispredictions regarding repayment, 
we suppose that there is no possibility of default. Note that this specification allows the set of 
repayment options to be a singleton {(q, r)}, committing the borrower’s future behavior and fully 
solving her self-control problem.

5 By standard indicators of competitiveness, the subprime loan origination market seems quite competitive: no partici-
pant has more than 13 percent market share (Bar-Gill 2008). By similar indicators, the credit-card market is even more 
competitive. For the subprime mortgage market, however, observers have argued that because borrowers find contract 
terms confusing, they do not do much comparison shopping, so the market is de facto not very competitive. Our analysis 
will make clear that when   ̂  

 
 β  is known, the features and welfare properties of contracts are the same in a less competitive 

market. But Section IIIB’s and Section IV’s results on the sorting of consumers according to their beliefs in period 0 do 
take advantage of our competitiveness assumption.

6 While the effects of relaxing exclusivity warrant further research, in general it would not eliminate our main points 
regarding nonsophisticated borrowers. Even if borrowers had access to a competitive market in period 1, our results 
remain unchanged so long as the original firm can include in the contract a fee—such as the prepayment penalties in 
subprime mortgages—for refinancing with any firm in the market. If firms cannot postulate such a fee for refinancing on 
the competitive market, then in our three-period setting a borrower will always avoid repaying more than expected. But 
as predicted by O’Donoghue and Rabin (2001) and is consistent with evidence in Haiyan Shui and Ausubel (2004), in a 
more realistic, long-horizon setting nonsophisticated borrowers may procrastinate for a long time before finding or taking 
advantage of favorable refinancing opportunities. And even if a nonsophisticated borrower refinances, she might perpetu-
ally do so using contracts of the type we predict, and eventually repay according to such a contract. Indeed, Engel and 
McCoy (2002) document that subprime mortgages are often refinanced with similarly structured loans, and credit-card 
balance-transfer deals and teaser rates also draw consumers into contracts similar to those they had before.
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To enable us to focus on the contracts accepted by consumers, we suppress the strategic inter-
action between firms and define equilibrium directly in terms of the contracts that survive com-
petitive pressure.7 Since a borrower’s behavior in period 0 can depend only on   ̂  

 
 β , the competitive 

equilibrium will be a set of contracts {(ci, i)}i∈{2, … , I } for the possible   ̂  
 

 β  types β2 through βI.8 For 
a firm to calculate the expected profits from a contract, and for a borrower to decide which of 
the contracts available on the market to choose, market participants must predict how a borrower 
will behave if she chooses a given contract. They do this through an incentive-compatible map:

DEFINITION 1: The maps qi, ri :{β1, … , βI } → 핉+ are jointly incentive compatible for i if 
(qi (β ), ri (β )) ∈ i for each β ∈ {β1, … , βI }, and

 − k(qi (β )) − βk(ri (β )) ≥ − k(q) − βk(r) for all (q, r ) ∈ i .

A consumer of type (  ̂  
 

 β , β ) believes in period 0 that she will choose (qi (  ̂  
 

 β ), ri (  ̂  
 

 β )) from i, whereas 
in reality she chooses (qi(β ), ri(β )) if confronted with i. Based on the notion of incentive com-
patibility, we define:

DEFINITION 2: A competitive equilibrium is a set of contracts {(ci,  i)}i∈{2, … , I }} and incentive-
compatible maps (qi (·), ri (·)) for each i with the following properties:

 1.  [Borrower optimization] For any   ̂  
 

 β  = βi ∈ {β2, … , βI } and j ∈ {2, … , I }, one has ci −
qi (  ̂  

 
 β ) − ri (  ̂  

 
 β ) ≥ cj − qj (  ̂  

 
 β ) − rj (  ̂  

 
 β ).

 2.  [Competitive market] Each (ci, i) yields zero expected profits.

 3.  [No profitable deviation] There exists no contract (c′, ′ ) with jointly incentive-compatible 
maps (q′(·), r′(·)) such that (i) for some   ̂  

 
 β  = βi, c′ − q′(  ̂  

 
 β ) − r′(  ̂  

 
 β ) > ci − qi (  ̂  

 
 β ) − ri (  ̂  

 
 β ); 

and (ii) given the types for whom (i) holds, (c′, ′ ) yields positive expected profits.

 4.  [Non-redundancy] For each (ci, i) and each installment plan (qj, rj) ∈ i, there is a type 
(  ̂  
 

 β , β ) with   ̂  
 

 β  = βi such that either (qj, rj) = (qi (  ̂  
 

 β ), ri (  ̂  
 

 β )) or (qj, rj ) = (qi (β ), ri (β )).

Our first requirement for competitive equilibrium is that of borrower optimization: given a 
type’s predictions about how she would behave with each contract, she chooses her favorite one 
from the perspective of period 0. Our next two conditions are typical for competitive situations, 
saying that firms earn zero profits by offering these contracts, and that firms can do no better.9

The last, nonredundancy, condition says that all repayment options in a contract are relevant 
in that they affect the expectations or behavior of the consumer accepting the contract. This 
assumption simplifies statements regarding the uniqueness of competitive equilibrium, but does 

7 This approach is similar in spirit to Michael Rothschild and Joseph E. Stiglitz’s (1976) definition of competitive 
equilibrium with insurance contracts. By thinking of borrowers as sellers of repayment schedules C, lenders as buyers 
of these schedules, and c as the price of a schedule C, we can modify Pradeep Dubey and John Geanakoplos’s (2002) 
competitive-equilibrium framework for our setting in a way that yields the same contracts as Definition 2.

8 Although in principle different borrowers with the same   ̂  
 

 β  may choose different contracts, by assuming that there is 
exactly one contract for one   ̂  

 
 β  type, this approach for simplicity imposes that they do not.

9 We could have required a competitive equilibrium to be robust to deviations involving multiple contracts, rather 
than the single-contract deviations above. In our specific setting, this makes no difference to the results. This is easiest to 
see when   ̂  

 
 β  is known: then, offering multiple contracts instead of one cannot help a firm separate different consumers, so 

it cannot increase profits.



VOL. 100 NO. 5 2285HEIDHUES AND K   
 

 O SzEgI: ExPLOITINg NAÏVETE IN THE CREDIT mARKET

not affect any of our predictions regarding outcomes and welfare.10 Due to the nonredundancy 
condition, the competitive-equilibrium contracts we derive exclude most options by assumption; 
in particular, nonsophisticated borrowers’ only option to change the repayment schedule will be 
to change it by a lot for a large fee. As is usually the case in models of nonlinear pricing, the same 
outcomes can also be implemented by allowing other choices, but making them so expensive that 
the borrower does not want to choose them. In fact, this is how it works in the real-life examples 
discussed below, where deferring even small amounts of repayment carries disproportionately 
large fees.

One of our main interests in this paper is to study borrower welfare in the above market, 
and to find welfare-improving interventions. While using self 1’s or self 2’s utility as our wel-
fare measure will often yield similar insights (because the overborrowing our model predicts 
implies that in the unrestricted market selves 1 and 2 are stuck having to repay large amounts), 
we follow much of the literature on time inconsistency (DellaVigna and Malmendier 2004; 
Jonathan Gruber and K     o szegi 2002; O’Donoghue and Rabin 2006, for example) and identify 
welfare with long-run, period-0 preferences.11 In our stylized setting, there are then many 
ways of increasing welfare. Notably, since the optimal outcome c, q, r is known and easy to 
describe—equating the marginal cost of repayment in each period with the marginal utility 
of consumption, k′(q) = k′(r) = 1, and c = q + r—a policy just mandating this allocation 
is an optimal policy. But we are interested in more plausible policies, ones that do not cause 
harm because of features of the credit market missing from our model—which such a mandate 
clearly does if the social planner does not know an individual borrower’s preferences.12 Hence, 
we will focus on interventions that leave substantial flexibility in market participants’ hands, 
and that target the central contract feature generating low welfare: that nonsophisticated bor-
rowers’ only way to reschedule repayment is to pay a large penalty. We propose to restrict 
contracts by requiring them to allow the deferral of small amounts of repayment, and—more 
importantly—prohibiting disproportionately large penalties for deferring small amounts. Since 
(as we argue in Section V) the large penalties are unlikely to be serving a neoclassical purpose, 
and we are also unaware of unmodeled “behavioral” reasons for them, such a policy is unlikely 
to do harm. Indeed, we discuss parallels between our restriction and recent new regulations in 
the credit-card and mortgage markets.

Formally, in a restricted market the permissible repayment options must form a linear set: the 
contract specifies some R and L, and the set of permissible repayment schedules is {(q, r) | q + 
r/R = L and q, r ≤ m }, where m is an exogenous bound on q and r that can be arbitrarily large 
and that we impose as a technical condition to ensure the existence of competitive equilibrium, 

10  For general distributions of β and    ̂  
 

 β  , our definition of nonredundancy would have to be more inclusive. Specifically, 
it would have to allow for a repayment schedule in Ci to be the expected choice from Ci of a consumer type not  choosing 
(ci, Ci)—because such an option could play a role in preventing the consumer from choosing (ci, Ci). Clearly, this 
consideration is unimportant if   ̂  

 
 β  is known. Given our assumptions, it is also unimportant if   ̂  

 
 β  is unknown, because

the  competitive equilibrium in Section IIIB already fully sorts consumers according to   ̂  
 

 β  .
11 Although we simplify things by considering a three-period model, in reality time inconsistency seems to be mostly 

about very immediate gratification that plays out over many short periods. Hence, arguments by O’Donoghue and Rabin 
(2006) in favor of a long-run perspective apply: in deciding how to weight any particular week of a person’s life rela-
tive to future weeks, it is reasonable to snub that single week’s self—who prefers to greatly downweight the future—in 
favor of the many earlier selves—who prefer more equal weighting. In addition, the models in B. Douglas Bernheim and 
Antonio Rangel (2004a, 2004b) can be interpreted as saying that a taste for immediate gratification is often a mistake not 
reflecting true welfare.

12 Because in our model all consumers know their future circumstances in period 0, another optimal policy is to 
require borrowers to commit fully to a repayment schedule. As Manuel Amador, George-Marios Angeletos, and Iván 
Werning (2006) show, however, this intervention is suboptimal if consumers are subject to ex post shocks in their finan-
cial circumstances.
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and for which we require k′(m) > 1/β.13 As we note below, many other ways of eliminating dis-
proportionately large penalties have the same or similar welfare effect.

B. A Preliminary Step: Restating the Problem

As a preliminary step in our analysis, we restate in contract-theoretic terms the requirements 
of a competitive equilibrium when   ̂  

 
 β  is known and the consumer may be nonsophisticated

(I = 2, p2 < 1). To help understand our restatement, imagine a firm trying to maximize profits 
from a borrower who has an outside option with perceived utility  _ u  for self 0. Restricting atten-
tion to nonredundant contracts, we can think of the firm as selecting consumption c along with 
a “baseline” repayment schedule (q2(β2), r2(β2)) the borrower expects to choose in period 0 and 
that a sophisticated type (if present) actually chooses in period 1, and an alternative repayment 
schedule (q2(β1), r2(β1)) a nonsophisticated borrower actually chooses in period 1. In designing 
its contract, the firm faces the following constraints. First, for the borrower to be willing to accept 
the firm’s offer, self 0’s utility with the baseline schedule must be at least  _ u . This is a version of 
the standard participation constraint (PC), except that self 0 may make her participation decision 
based on incorrectly forecasted future behavior. Second, if self 0 is to think that she will choose 
the baseline option, then given her beliefs   ̂  

 
 β  she must think she will prefer it to the alternative 

option. We call this constraint a perceived-choice constraint (PCC). Third, if a nonsophisticated 
consumer is to actually choose the alternative repayment schedule, she has to prefer it to the base-
line. This is analogous to a standard incentive-compatibility constraint (IC) for self 1.

It is clear that a competitive-equilibrium contract must be a solution to the above maximiza-
tion problem with  _ u  defined as self 0’s perceived utility from accepting this contract: given that 
a competitive-equilibrium contract earns zero profits, if this was not the case, a firm could solve 
for the optimal contract and increase c slightly, attracting all consumers and making strictly 
positive expected profits. In addition, for the solution to the above maximization problem to be 
a competitive equilibrium,  _ u  must be such that the highest achievable expected profit is zero. In 
fact, this is also sufficient:

LEMMA 1: Suppose   ̂  
 

 β  is known (I = 2 ), the possible β s are β1 <   ̂  
 

 β  and β2 =   ̂  
 

 β , and p2 < 1. The 
contract with consumption c and repayment options {(q2(β1), r2(β1)), (q2(β2), r2(β2))} is a com-
petitive equilibrium if and only if there is a  _ u  such that the contract maximizes expected profits 
subject to a PC with perceived outside option  _ u , PCC, and IC, and the profit level when maximiz-
ing profits subject to these constraints is zero.

II.  Nonlinear Contracting with Known β and   ̂  
 

 β 

We begin our analysis of nonlinear contracting with the case when both β and   ̂  
 

 β  are known. 
We show that nonsophisticated borrowers get a very different contract from sophisticated ones, 
and because they mispredict whether they will pay the large penalty their contract postulates for 
changing the repayment schedule, they have discontinuously lower welfare. We establish that 
prohibiting such large penalties for deferring small amounts of repayment can raise welfare. 
Finally, we show that the misprediction of time-consistent preferences has no implications for 
outcomes, indicating that time inconsistency is necessary for our results.

13 Strictly speaking, we have defined a competitive equilibrium only for the case of unrestricted contracts. When 
considering the restricted market, one needs to replace the finite set of repayment options i with an infinite but linear set.
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A. Competitive Equilibrium with Unrestricted Contracts

We start with the remark that if borrowers are time consistent and rational, the organization of 
the credit market does not matter:

FACT 1: If β =   ̂  
 

 β  = 1, the competitive-equilibrium consumption and repayment outcomes are the 
same in the restricted and unrestricted markets, and both maximize welfare.

For the rest of the paper (with the exception of Section IIC), we assume that β < 1. First, we 
consider the case of a perfectly sophisticated borrower, for whom   ̂  

 
 β  = β. By the same logic as in 

DellaVigna and Malmendier (2004), since a sophisticated borrower correctly predicts her own 
behavior, it is profit maximizing to offer her a contract that maximizes her utility:

PROPOSITION 1: Suppose β and   ̂  
 

 β  are known, and   ̂  
 

 β  = β. Then, the competitive-equilibrium 
contract has a single repayment option satisfying k′(q) = k′(r) = 1, and c = q + r.

The situation is entirely different for a nonsophisticated borrower, for whom   ̂  
 

 β  > β. Applying 
Lemma 1, the competitive-equilibrium contract consists of a consumption level c, a repayment 
schedule (q, r) self 1 actually chooses, and a possibly different baseline repayment schedule (  ̂    q ,   ̂    r  )
self 0 expects to choose, that solve

(1)   max    
c, q, r,    ̂    q ,   ̂    r   

  q + r − c

(PC) such that c − k(  ̂    q ) − k(  ̂    r  ) ≥  _ u ,

(PCC) −k(  ̂    q ) −    ̂  
 

 β k(  ̂    r  ) ≥ −k(q) −   ̂  
 

 β k(r),

(IC) −k(q) − βk(r) ≥ −k(  ̂    q ) − βk(  ̂    r  ) .

PC binds because otherwise the firm could increase profits by reducing c. In addition, IC binds 
because otherwise the firm could increase profits by increasing q. Given that IC binds and   ̂  

 
 β  > β, 

PCC is equivalent to q ≤   ̂    q : if self 1 is in reality indifferent between two repayment options, then 
self 0—who overestimates her future self-control by at least a little bit—predicts she will prefer 
the more front-loaded option. Conjecturing that q ≤   ̂    q  is optimal even without PCC, we ignore 
this constraint, and confirm our conjecture in the solution to the relaxed problem below.

Given the above considerations, the problem becomes

   max    
c, q, r,   ̂    q ,   ̂    r  

  q + r − c

(PC) such that c − k(  ̂    q ) − k(  ̂    r  ) =  _ u ,

(IC) − k(q) − βk(r) = −k(  ̂    q ) − βk(  ̂    r  ).

Notice that in the optimal solution,   ̂    r   = 0: otherwise, the firm could decrease k(  ̂    r  ) and increase 
k(  ̂    q ) by the same amount, leaving PC unaffected and creating slack in IC, allowing it to increase 
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q. Using this, we can express k(  ̂    q ) from IC and plug it into PC to get c = k(q) + βk(r) +  _ u . 
Plugging c into the firm’s maximand yields the unconstrained problem

  max   
q, r

   q + r − k(q) − βk(r) −  _ u ,

and gives the following proposition:

PROPOSITION 2: Suppose β and   ̂  
 

 β  > β are known. Then, the competitive-equilibrium con-
tract has a baseline repayment schedule (  ̂    q ,   ̂    r  ) satisfying   ̂    q  > 0,   ̂    r   = 0 that the borrower expects 
to choose and an alternative schedule (q, r) satisfying k′(q) = 1, k′(r) = 1/β that she actually 
chooses. Consumption is c = q + r >   ̂    q , and is higher than that of a sophisticated borrower. The 
borrower has strictly lower welfare than a sophisticated borrower.

The first important feature of the equilibrium contract is that it is flexible in a way that induces 
the borrower to unexpectedly change her mind regarding how she repays. To see why this is the 
case, consider why the sophisticated borrower’s contract—which is also the nonsophisticated 
borrower’s favorite among fully committed contracts—is not a competitive equilibrium. The rea-
son is that a firm can deviate by offering slightly higher consumption and still allow the same 
repayment terms, but introduce an alternative option to defer part of the first installment for a fee. 
Thinking that she will not use the alternative option, the consumer likes the deal. But since she 
does use the option, the firm earns higher profits than with a committed contract.

Beyond showing that the equilibrium contract is flexible in a deceptive way, Proposition 2 says 
that k′(q) = βk′(r), so that self 1’s preferences fully determine the allocation of actual repayment 
across periods 1 and 2. Hence, the ability to commit perfectly to a repayment schedule does not 
mitigate the consumer’s time inconsistency regarding repayment at all. Intuitively, once a firm 
designs the contract to induce repayment behavior self 0 does not expect, its goal with the chosen 
option is to maximize the gains from trade with the self that makes the repayment decision, so it 
caters fully to self 1’s taste for immediate gratification.

To make matters worse, the competitive-equilibrium contract induces overborrowing in two 
senses: the nonsophisticated consumer borrows more than the sophisticated one, and she borrows 
more than is optimal given that repayment is allocated according to self 1’s preferences.14 Unlike 
existing models of time inconsistency, self 0 overborrows not because she undervalues the cost 
of repayment relative to consumption, but because she mispredicts how she will repay her loan, 
in effect leading her to underestimate its cost. To see how the exact level of c is determined, recall 
that the contract is designed so that self 0 expects to finish her repayment obligations in period 
1 (  ̂    r   = 0 ). Hence, when deciding whether to participate, self 0 trades off c with k(  ̂    q ). But from 
the firm’s perspective, k(  ̂    q ) is just the highest actual total cost of repayment that can be imposed 
on self 1 so that she is still willing to choose the alternative installment plan. This means that the 
trade-off determining the profit-maximizing level of borrowing is between c and self 1’s cost of 
repayment, which discounts the second installment by β.

Notice that due to the excessive borrowing in period 0, the nonsophisticated borrower is worse 
off than the sophisticated one not only from the perspective of period 0, but also from the per-
spective of period 1—repaying the same amount in period 1 and more in period 2. Hence, the fact 

14 The prediction regarding the amount of borrowing contrasts with predictions of hyperbolic discounting in standard 
consumption-savings problems, such as Laibson (1997). In those problems, whether more naïve decisionmakers borrow 
more or less than sophisticated ones depends on the per-period utility function. In our setting, nonsophisticated consum-
ers borrow more for any k(.).
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that the borrower is fooled into changing her mind and allocating repayment according to self 1’s 
preferences is ultimately worse for self 1 as well.

All of the above holds for any   ̂  
 

 β  > β, so that all nonsophisticated borrowers, even near-
sophisticated ones, receive discretely different outcomes from and discretely lower welfare than 
sophisticated borrowers. The discontinuity is an extreme form of one of our main points in the 
paper: that due to the credit contracts profit-maximizing firms design in response, even small 
mispredictions of preferences by borrowers often have large welfare effects. The welfare effects 
are large because a borrower is allowed to change her repayment schedule only by paying a large 
fee, and the fee is designed so that she mispredicts whether she will pay it.15 Hence, even if self 
0 mispredicts her future utility by only a little bit, she mispredicts her future outcomes by a lot, 
and because she is time-inconsistent this means she mispredicts her welfare by a lot—repaying 
her loan in a much more costly way than she expects.

While our main interest is in the implemented repayment schedule (q, r), the structure of the 
baseline schedule (  ̂    q ,    ̂    r  ) is also intriguing: the firm asks the borrower to carry out all repayment 
in period 1, even if the marginal cost of repaying a little bit in period 2 is very low. Intuitively, 
because the baseline terms are never implemented, the firm’s goal is not to design them effi-
ciently. Instead, its goal is to attract the consumer in period 0 without reducing the total amount 
she is willing to pay through the installment plan she actually chooses in period 1. Front-loading 
the baseline repayment schedule achieves this purpose by making the schedule relatively more 
attractive to self 0 than to self 1.

Finally, the above analysis makes it clear how competition matters: through  _ u . For a monopo-
list,  _ u  is a borrower’s perceived outside option when not taking a loan. In a perfectly competitive 
market,  _ u  is set endogenously such that profits are zero. Since the repayment options in the opti-
mal contract are independent of  _ u , whether the market is perfectly competitive or monopolistic 
matters only for determining the consumption level c.16

The properties of the nonsophisticated borrower’s competitive-equilibrium contract—a rela-
tively low-cost front-loaded repayment schedule with a large penalty to switch out of it—argu-
ably closely resemble some features of real-life credit arrangements.17 Loaded with cash-back 
bonuses, free rental-car insurance, and other perks, the typical credit-card deal is extremely 
favorable—so long as the consumer repays all of her debt within the one-month grace period. 
If she revolves even $1, she is charged interest on all purchases, and all of a sudden credit-card 
use becomes quite expensive. Similarly, in-store financing and credit-card balance-transfer deals 

15 As we have mentioned above, the fact that a borrower literally has no other option but to pay a large fee and defer 
a large amount of repayment follows from the nonredundancy condition in Definition 2. The same outcome can also 
be implemented by allowing the deferral of small amounts of repayment, but charging disproportionately large fees for 
this—as the real-life contracts we discuss do.

16 In a Hotelling-type model of imperfect competition in contract offers, an intermediate level of competition generates 
a contract identical to that implied by the above analysis for a level of u that is in between the competition and monopoly 
extremes, with the appropriate u increasing monotonically as competition increases and approaching that in the competi-
tive market above. Formally, suppose there are two firms A and B located at the endpoints of the unit interval, and there 
is a mass one of borrowers uniformly distributed along this interval. The period-0 self of a borrower located at χ derives 
utility cA − k(q A) − k(r  A) − dχ from firm A’s contract, where cA is the consumption level offered by firm A and qA and
r A are the repayments made to firm A. The period-0 self of the same borrower derives utility c B − k(q B) − k(r B) −
d(1 − χ) from firm B’s contract and 0 when rejecting both firms’ contract offers. To find the equilibrium contract offers, 
think of firm A as first maximizing its profits for any perceived utility u = c A − k(q A) − k(r A) it chooses to offer to 
the borrower located at χ = 0, and then selecting the optimal perceived utility level for this borrower. The first step is 
identical to the problem above, so the repayment options are also identical to those found above. Optimizing over c gives 
that if d is sufficiently low, the market is covered in equilibrium and c = q + r − d, generating a u that increases with an 
increase in competition as captured by a decrease in d.

17 We focus on the nonsophisticated borrower’s contract because (as we show in Section III) when β is unknown 
sophisticated and nonsophisticated borrowers accept the same contract, and this contract much resembles the above 
contract for nonsophisticated borrowers.
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often involve no interest for a few months, but if a consumer does not repay fully within the 
allotted time, she is charged interest from the time of purchase. Most credit cards also charge 
late-payment, over-the-limit, and other fees that are large even for small violations of terms. In 
the subprime market, the most common, “hybrid,” form of mortgage starts with low payments, 
but after a short period resets to high monthly payments that will be difficult for most borrowers 
to meet. Even more extreme is the “balloon” mortgage, which requires the borrower to pay off the 
entire remaining balance in a large payment at the end of a relatively short loan period. In addi-
tion, these types of mortgages typically include hefty prepayment penalties.18 As emphasized by 
Ronald Paul Hill and John C. Kozup (2007) and especially Elizabeth Renuart (2004), and as the 
logic of our model suggests, the high monthly payments or the balloon payment drive borrowers 
to refinance, and the high prepayment penalty—folded into the principal and financed—serves 
to make this profitable to the lender. In a practice known as “loan flipping,” creditors sometimes 
refinance repeatedly (Engel and McCoy 2002). Indeed, Demyanyk and Van Hemert (2008) find 
that the majority of subprime mortgages are obtained for refinancing into a larger new loan for 
the purposes of extracting cash.19

B. A Welfare-Increasing Intervention

Given nonsophisticated borrowers’ suboptimal welfare, it is natural to ask whether there are 
welfare-improving interventions. If borrowers are sufficiently sophisticated, there is a simple 
one:

PROPOSITION 3: A sophisticated borrower (  ̂  
 

 β  = β ) is equally well off in the restricted and 
unrestricted markets. If a nonsophisticated borrower (  ̂  

 
 β  > β ) is sufficiently sophisticated (  ̂  

 
 β  is 

sufficiently close to β ), she is strictly better off in the restricted than in the unrestricted market.

By counteracting her tendency for immediate gratification as given by β, a restricted contract 
with an interest rate R = 1/β aligns self 1’s behavior with the borrower’s long-run welfare. And 
since sophisticated borrowers understand their own behavior perfectly, it is profit-maximizing to 
offer such a contract to them. Hence, for sophisticated borrowers the restricted and unrestricted 
markets both generate the highest possible level of utility.

More interestingly, restricting contracts to have a linear structure prevents firms from fooling 
nonsophisticated but not-too-naïve borrowers into discretely mispredicting their behavior, and 
hence raises these borrowers’ welfare. For any interest rate R, a slightly naïve borrower mispre-
dicts her future behavior by only a small amount, which leads her to make only a small mistake 
in how much she wants to borrow. This means that her behavior is very close to that of a sophis-
ticated borrower, so that she gets a contract very close to that offered to a sophisticated borrower. 
As a result, her utility is close to optimal.

In the case of observable β and   ̂  
 

 β  and sufficiently sophisticated borrowers, therefore, our 
 intervention satisfies the most stringent criteria of “cautious” or “asymmetric” paternalism 

18 Yuliya S. Demyanyk and Otto Van Hemert (2008) report that 54.5 percent of US subprime mortgages postulated a 
prepayment penalty.

19 A weakness of our theory is that it does not convincingly explain why contracts look so different in the prime and 
subprime mortgage markets. Many prime contracts feature very simple installment plans (for example, the same nominal 
payment every month for 30 years) and have little or no prepayment penalties. Although this is consistent with our theory 
if borrowers in the prime market are time consistent, we find this explanation implausible. A simple plausible explanation 
(but one completely outside our theory) is that unlike borrowers in the subprime market, borrowers in the prime market 
have access to plenty of other sources of credit that would make refinancing their mortgage an unattractive way to make 
funds available for short-term consumption, substantively violating our exclusivity assumption.
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(Colin Camerer et al. 2003): it greatly benefits nonsophisticated borrowers, while it does not hurt 
sophisticated borrowers. Furthermore, if everyone in the population is rational (sophisticated), 
the intervention has no effect on outcomes at all.

The linearity of the allowable set of repayment options is not fundamental for the interven-
tion to be welfare improving. What is important is to rule out disproportionately large penalties 
for deferring small amounts of repayment, preventing borrowers from discretely mispredicting 
their behavior. Any contract in which r is a convex function of q has this property. For instance, 
Proposition 3 still holds if we allow contracts with a “focal” installment plan  _ q  ,  

_
 r   and a higher 

interest rate when repaying less than  
_
 q   in period 1 than when repaying more. Similarly, we could 

allow linear contracts with meaningful bounds on how much can be repaid in period 1.
Some recently enacted regulations aimed at protecting borrowers in the mortgage and credit-

card markets in the United States are interpretable in terms of Proposition 3’s message to pro-
hibit large penalties for small deviations from contract terms. In July 2008, the Federal Reserve 
Board amended Regulation Z (implementation of the Truth in Lending Act) to severely restrict 
the use of prepayment penalties for high-interest-rate mortgages. By 12 C.F.R. §226.35(b)(2), a 
prepayment penalty can apply for only two years following the commencement of the loan, and 
only if the monthly payment does not change in the first four years. This regulation will prevent 
lenders from collecting a prepayment penalty by requiring a high payment in the near future that 
induces borrowers to refinance. Title I, Section 102.(a)-(b) of the Credit Card Accountability, 
Responsibility, and Disclosure (Credit CARD) Act of 2009 prohibits the use of interest charges 
for partial balances the consumer pays off within the grace period, and Section 101.(b) prohibits 
applying post-introductory interest rates to the introductory period, ruling out exactly the kinds 
of large penalties we have discussed above. The act also limits late-payment, over-the-limit, and 
other fees to be “reasonable and proportional to” the consumer’s omission or violation.

Note that the restricted market mitigates nonsophisticated but not-too-naïve consumers’ over-
borrowing, so if there is a nontrivial proportion of these consumers in the population, lenders 
extend less total credit in the restricted market than in the unrestricted market. This insight is rel-
evant for a central controversy surrounding the above regulations of the credit market. Opponents 
have repeatedly argued that the new regulations will decrease the amount of credit available to 
borrowers and exclude some borrowers from the market, intimating that this will be bad for con-
sumers.20 Our model predicts that these opponents may well be right in predicting a decreased 
amount of credit, but also says that inasmuch as this happens, it will benefit rather than hurt 
consumers—because consumers were borrowing too much to start with.21

Proposition 3 holds in general only for sufficiently sophisticated borrowers because both 
restricted and unrestricted contracts can lead a very naïve borrower to severely overestimate how 
much she will be willing to pay back in period 1. If many consumers are very naïve and as a result 
establishing the restricted market is not in itself an effective intervention, this can be combined 
with other regulations to limit borrowers’ misprediction of their own behavior. One simple regu-
lation is to restrict the amount of repayment that can be shifted to period 2, mechanically limiting 
borrowers’ mispredictions. Another possible regulation is to set an interest-rate cap. For some 

20 See, for instance, “Senate Passes Credit-Card Reform Bill by Vote of 90–5,” FOXBusiness, May 19, 2009, http://
www.foxbusiness.com/story/markets/senate-passes-credit-card-reform-bill-vote/; and “How the Banks Plan to Limit 
Credit-Card Protections,” Time, April 27, 2009 http://www.time.com/time/politics/article/0,8599,1894041,00.html.

21 If we relax the simplifying assumption that k′(0) < β, the exclusion from the market mentioned above occurs in our 
model for a nonsophisticated but not-too-naïve borrower with 1/β = > k′(0) > 1. Such a borrower participates in the 
unrestricted market but will stay out of a restricted market—and because her marginal cost of repayment is greater than 
the benefit of consumption, staying out is the better outcome.
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commonly used utility functions, in fact, nonsophisticated borrowers are better off in a restricted 
market with an interest-rate cap of even zero than in an unrestricted market:22

PROPOSITION 4: Suppose k(x) = x ρ for some ρ > 1 or k(x) = (y − x)−ρ − y−ρ for some y > 
0, ρ > 0. Then, for any   ̂  

 
 β  > β, a borrower has higher utility in a restricted market with R = 1 

than in an unrestricted market.

Intuitively, in both the unrestricted market and in the restricted market with an interest-rate cap 
of zero (which will clearly bind), repayment is allocated across periods 1 and 2 according to self 
1’s preferences (k′(q) = βk′(r)). But because contracts are more restricted in the latter market, 
nonsophisticated borrowers mispredict their behavior by less, and hence do not overborrow as 
much. Of course, allowing at least a small positive interest rate leads to even higher welfare for 
nonsophisticated borrowers, because it induces them to repay more of their loan earlier. Despite 
these advantages, an interest-rate cap is more problematic than other policies we suggest in this 
paper because it harms sophisticated borrowers with a low β by preventing them from getting the 
ex ante optimal high–interest-rate contract. Hence, an interest-rate cap is welfare improving only 
if we are confident that there is a sizable portion of nonsophisticated borrowers in the population.

C. The Role of Time Inconsistency

The theory in this paper makes two major assumptions that deviate from most classical theo-
ries of the credit market: that borrowers have a time-inconsistent taste for immediate gratifica-
tion, and that they might mispredict this taste. Since (as we have shown above) sophisticated 
consumers receive the maximum achievable level of utility, the misprediction of preferences is 
necessary for our central welfare results regarding overborrowing and suboptimal repayment. In 
this section, we show that the misprediction of time-consistent preferences has no welfare con-
sequences for the borrower, establishing that time inconsistency is also necessary for our central 
results.

Suppose that the borrower’s true period-1 utility is given by −k(q) − k(r) (that is, β = 1), and 
she is time consistent: self 0 weights the repayment costs the same way that she believes self 1 
does. But self 0 might mispredict self 1’s preferences, believing that self 1’s utility will be −k(q) −
  ̂  
 

 β k(r) for some   ̂  
 

 β  ≥ 1. Hence, although true ex ante utility is c − k(q) − k(r), self 0 believes it to 
be c − k(q) −   ̂  

 
 β k(r). This situation is conceivable, for instance, if self 0 mispredicts how pain-

ful it will be to make a loan payment in period 1 relative to period 2, but thinks that the decision 
to allocate repayment across the two periods should be made according to this pain. With these 
changes to the model, PCC in Problem 1 above does not change, while PC changes to c − k(  ̂    q )− 
  ̂  
 

 β k(  ̂    r  ) ≥  _ u  and IC changes to −k(q) − k(r) ≥ −k(  ̂    q ) − k(  ̂    r  ). Analyzing the resulting problem 
yields:

PROPOSITION 5: In the time-consistent model, for any   ̂  
 

 β  ≥ β = 1 the repayment schedule cho-
sen by the borrower in a competitive equilibrium satisfies k′(q) = k′(r) = 1, and the borrowed 
amount is c = q + r.

Proposition 5 says that the competitive-equilibrium contract maximizes the borrower’s util-
ity for any period-0 beliefs. As in the time-inconsistent case, for   ̂  

 
 β  > β the borrower is induced 

22 These utility functions guarantee that with linear contracts, nonsophisticated consumers borrow more than sophisti-
cated ones, and this and further overborrowing lowers ex ante utility. Our proof makes use of these features, but no other 
feature of the utility functions in Proposition 4.
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to unexpectedly change her mind and repay according to self 1’s preferences—but this is the 
welfare-maximizing repayment schedule in the time-consistent case. In addition, because prefer-
ences are time consistent—and hence the repayment schedule self 1 chooses is not more costly 
from the ex ante point of view than what self 0 expects—mispredicting repayment behavior does 
not lead the borrower to underestimate the cost of credit, so she does not overborrow.23

Although a nonsophisticated time-consistent borrower ends up maximizing ex ante utility just 
like a sophisticated borrower, her contract is different in that it includes a very front-loaded 
repayment option (  ̂    q ,   ̂    r  ) satisfying   ̂    q  > 0,   ̂    r   = 0 that she expects to choose. This is an artifact of 
the assumption that β and   ̂  

 
 β  are known: unlike in the time-inconsistent case we analyze in Section 

III, under time-consistent preferences with β unknown a near-sophisticated borrower mispredicts 
her repayment behavior by only a little bit. Intuitively, fooling a borrower regarding her repay-
ment schedule is profitable because it makes the lender’s offer seem cheaper, and hence makes 
it easier to attract the borrower. With a near-sophisticated time-consistent borrower, however, a 
lender cannot make the loan seem much cheaper than it actually is. At the same time, because a 
sophisticated borrower will actually follow the ex ante expected repayment schedule, if the firm 
does not know which type it is facing, fooling the near-sophisticated borrower by distorting the 
ex ante expected repayment terms is costly. As a result, it is not optimal to fool her by more than 
a little.

III.  Nonlinear Contracting with Unknown Types

This section investigates competitive equilibria when either β, or both β and   ̂  
 

 β , are unknown to 
firms. Beginning with the former case, we show that with two important qualifications, our key 
insights from Section II survive. First, because sophisticated and nonsophisticated consumers 
with the same beliefs cannot be distinguished by firms, these two types sign the same contract—
although they still choose very different repayment schedules from that contract and have very 
different welfare levels. Second, a restricted market no longer Pareto dominates the unrestricted 
market—although it still has higher total welfare for any proportion of sophisticated and near-
sophisticated borrowers. We then assume that both β and   ̂  

 
 β  are unknown, and identify conditions 

under which the competitive equilibrium remains the same as when   ̂  
 

 β  is known.

A. Known   ̂  
 

 β , Unknown β

Suppose that a borrower’s   ̂  
 

 β  is known (I = 2 ), and she has β1 <   ̂  
 

 β  with probability p1 and β2 
=   ̂  
 

 β  with probability p2. For technical convenience, we assume that k′(0) < p1, 1 − p1, β1, which 
guarantees that first-order conditions throughout the section describe optimal choices.

Because sophisticated and nonsophisticated borrowers have the same beliefs in period 0, they 
accept the same contract. The following proposition identifies key features of this contract.

PROPOSITION 6: (Period-1 Screening). Suppose   ̂  
 

 β  is known, and β takes the values β1 <   ̂  
 

 β  and 
β2 =   ̂  

 
 β  with probabilities p1 and p2 = 1 − p1, respectively. The unique competitive-equilibrium 

contract, accepted by both types, has two installment plans (q1, r1) and (q2, r2), which are chosen 
in period 1 by types β1 and β2, respectively. These satisfy q1 < r1, q2 > r2, q1 + r1 > q2 + r2, and

23 That borrowers are completely unaffected by mispredicting time-consistent preferences relies on the market’s being 
competitive. Although allocations would still be efficient, a monopolist would use the borrower’s misprediction to extract 
more rent. As in Laibson and Leeat Yariv (2007), in a competitive market firms give all of this rent back to borrowers in 
an effort to attract them.
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(2)   
k′(q2) _ 
k′(r2)

   − 1 = (1 − β1)  
k′(q2) _ 
k′(q1)

     p1 _ 
p2

  ,

(3)   
k′(q1) _ 
k′(r1)

   − β1 = 0.

Furthermore, consumers overborrow on average: p1k′(q1) + p2k′(q2), p1k′(r1) + p2k′(r2) > 1.

By equation (2), the sophisticated borrower’s repayment schedule calls for a first installment 
that is too high even from the long-term perspective of period 0. And by equation (3), the nonso-
phisticated borrower’s repayment schedule caters fully to self 1’s preferences. These results are 
closely related to those in standard screening problems in which the trade-off between increas-
ing efficiency for the less profitable type and decreasing the information rent paid to the more 
profitable type leads to a distorted outcome for the less profitable type and an efficient outcome 
for the more profitable type. In our model, however, the relevant preferences in this trade-off 
exist at different times. Since a sophisticated borrower sticks to her ex ante preferred installment 
plan, the profit the firm can extract from her depends on period-0 preferences, so this side of the 
trade-off takes the period-0 perspective. But since a nonsophisticated borrower abandons her ex 
ante preferred installment plan, the profit the firm can extract from her depends partly on period-1 
preferences, so this side of the trade-off takes the period-1 perspective.

The difference between the sophisticated and nonsophisticated borrowers’ first-order condi-
tions implies a generalization of our insight above that there is a discontinuity in outcomes and 
welfare at full sophistication, with the discontinuity now generated by the large penalties for 
deferring repayment stipulated in the contract that both sophisticated and nonsophisticated bor-
rowers sign. As β1 approaches β2 from below, q1 approaches a number strictly smaller than q2 
does. In other words, a nonsophisticated borrower, even if she is arbitrarily close to sophisticated, 
repays in a discontinuously different way from a sophisticated borrower and is discontinuously 
worse off as a result.

We now show that if nonsophisticated borrowers are not too naïve, eliminating disproportion-
ately large penalties for deferring small amounts of repayment is still welfare improving:

PROPOSITION 7: Suppose   ̂  
 

 β  is known, and β takes each of two values, β1 <   ̂  
 

 β  and β2 =   ̂  
 

 β , with 
positive probability. Borrowers strictly prefer the competitive-equilibrium contract in the unre-
stricted market over that in the restricted market, and a sophisticated borrower is indeed better 
off in the unrestricted market. If the nonsophisticated borrower is sufficiently sophisticated (β1 is 
sufficiently close to   ̂  

 
 β  ), her welfare, as well as the population-weighted sum of type 1’s and type 

2’s welfare, is greater in the restricted market than in the unrestricted market.

As is the case when β is known, if nonsophisticated borrowers are not too naïve, their wel-
fare is higher in the restricted market than in the unrestricted one. The basic reason is also the 
same as before: because in the restricted market nonsophisticated borrowers have the option 
of deferring a small amount of repayment for a proportionally smaller fee, they do not drasti-
cally mispredict their own behavior. In the current setting, however, sophisticated borrowers 
are worse off in the restricted than in the unrestricted market, so the restricted market does not 
Pareto dominate the unrestricted one; and since all borrowers think they are sophisticated, they 
all prefer the unrestricted market. The intuition for this result is related to a point first emphasized 
by Xavier Gabaix and Laibson (2006): because nonsophisticated borrowers are more profitable, 
in a competitive equilibrium it must be that firms make money on nonsophisticated borrowers 
and lose money on sophisticated borrowers. This cross-subsidy, and consequently the utility of 
sophisticated borrowers, is lower in the restricted market than in the unrestricted one. When β 
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is unknown, therefore, our intervention does not satisfy the stringent requirement of asymmet-
ric paternalism to avoid hurting fully rational consumers. Nevertheless, for any p1 and p2 the 
restricted market is still socially superior by the measure typically used in public economics: the 
population-weighted sum of individuals’ welfare. Hence, this intervention is “robust” in that it is 
likely to be welfare-improving even if we do not know much or do not agree about the prevalence 
of nonsophisticated types in the population.

B. Unknown β and   ̂  
 

 β 

We now consider competitive equilibria when β and   ̂  
 

 β  are both unobservable to firms, provid-
ing a condition under which the contracts we have derived in Section IIIA sort borrowers accord-
ing to   ̂  

 
 β  in period 0. This means that even when firms observe neither consumers’ preferences nor 

their degree of sophistication, any nonsophisticated consumer endogenously selects a contract 
with which she changes her mind regarding repayment, making her strictly worse off than a 
sophisticated consumer with the same time-preference parameter β.

We build our analysis on that of Section IIIA, where   ̂  
 

 β  is known. Let  _ u i be the sophisticated 
borrower’s utility from the competitive-equilibrium contract when   ̂  

 
 β  = βi is known, with prob-

ability pi a borrower is sophisticated, and with probability (1 − pi) she is type βi−1. Our key 
condition is the following:

Condition 1:  _ u i is increasing in βi.
Condition 1 states that if   ̂  

 
 β  were observable, the sophisticated borrower’s utility from the equi-

librium contract would be increasing in   ̂  
 

 β . That is, the closer a sophisticated borrower is to being 
time consistent, the higher is her utility. While this is an endogenous condition, it is intuitively 
plausible: it requires roughly that borrowers who are more optimistic about their future behavior 
tend to be more naïve about it. Since firms compete more fiercely for such profitable borrowers, 
they drive up the utility of sophisticated borrowers.24

We argue that under Condition 1, there is a competitive equilibrium in which consumers sign 
the same contracts as when   ̂  

 
 β  is observed. The crucial part is that from such a set of contracts, 

consumers self-select according to   ̂  
 

 β  in period 0; then, since there would be no profitable devia-
tion even if firms knew   ̂  

 
 β , there is certainly none when they do not know   ̂  

 
 β . By Condition 1, the 

credit contract intended for a borrower with higher   ̂  
 

 β  offers a better deal if the borrower can stick 
to the more favorable repayment schedule but requires greater self-control to stick to that sched-
ule. Hence, because a consumer takes the most favorable credit contract with which she believes 
she can repay according to the ex ante preferred schedule, she chooses the contract corresponding 
exactly to her   ̂  

 
 β .

To illustrate the logic of this self-selection through an example, consider a consumer looking 
to buy a TV on sale financed using store credit that does not accrue interest for six months. The 
nicer the TV, the sweeter is the deal both because the sale is steeper and because the six-month 
interest-free period is more valuable. At the same time, it is more difficult to pay back a larger 
loan in six months. Hence, the consumer chooses the TV which she believes she can just pay off 
in time. But if she is even slightly naïve, this TV will be too nice, and she will fail to pay it off.

24 Condition 1 is clearly nonempty. Consider, for instance, a setting with two possible   ̂  
 

 β  s. If the lower   ̂  
 

 β  type is almost 
certain to be sophisticated while the higher   ̂  

 
 β  type has a nontrivial probability of being nonsophisticated, Condition 1 

holds. More generally, in the current setting with two types of β for each   ̂  
 

 β , we require that consumers who believe them-
selves to be less time-inconsistent are nonsophisticated with sufficiently higher probability.
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In fact, the above competitive equilibrium is the unique one:

PROPOSITION 8: (Period-0 Screening). Suppose Condition 1 holds. Then, in the unique com-
petitive equilibrium with   ̂  

 
 β  unobserved, each consumer accepts the same contract as when   ̂  

 
 β  is 

observed.

IV.  General Borrower Beliefs

In the basic model used throughout the paper, a borrower believes with certainty that her taste 
for immediate gratification will be   ̂  

 
 β  (as in O’Donoghue and Rabin 2001). While this assumption 

is analytically convenient, it is also very special. In this section, we investigate outcomes for a 
general specification of borrower beliefs that incorporates existing formulations of partial naïvete 
as special cases. We clarify when a discontinuity in outcomes and welfare at full sophistication 
occurs, and identify an important asymmetry: while overestimating one’s self-control has drastic 
welfare consequences, underestimating it has none.

Let the cumulative distribution function F(  ̂  
 

 β ) with support in [0, 1] represent a borrower’s 
beliefs about her taste for immediate gratification β. Because we cannot solve a model with 
fully general beliefs and preferences both unobserved, we suppose that firms know borrowers’ 
β. Since firms have a lot of information about consumers and spend a lot on researching their 
behavior, we find this scenario plausible for many borrowers.

It is straightforward to extend the definition of competitive equilibrium to allow for a borrower 
to be uncertain about what she will choose in period 1. Our key result is the following:

PROPOSITION 9: Both when firms know borrowers’ beliefs and when they do not, in a competi-
tive equilibrium the repayment schedule a borrower with beliefs F(·) actually chooses satisfies

(4) k′(q) = 1;  k′(r) =   1 __   
F(β ) + (1 − F(β ))β   .

The borrowed amount is c = q + r. If F(β ) = 1, the borrower believes in period 0 that she will 
choose (q, r) with probability 1. If F(β ) < 1, then there is a unique other repayment schedule (  ̂    q ,    ̂    r  )
such that the borrower believes in period 0 that she will choose (q, r) with probability F(β ) and 
(  ̂    q ,   ̂    r  ) with probability 1 − F(β ). This other schedule satisfies   ̂    q  > 0,   ̂    r   = 0 and q <   ̂    q  < q + r.

Proposition 9 generalizes many of the central points regarding outcomes and welfare we have 
made in this paper. In particular, nonsophisticated consumers with F(β ) < 1 delay repayment 
more often than they expect, and they borrow more and have lower welfare than sophisticated 
consumers. In addition, the fact that firms cannot observe consumers’ beliefs does not affect the 
competitive equilibrium at all.25

Equation (4) in the proposition also clarifies that the extent to which a nonsophisticated 
consumer overborrows, repays in a back-loaded way, and has lower welfare than a sophis-
ticated consumer, depends on 1 − F(β ), the probability she attaches to unrealistically high 

25 To see why borrowers self-select, notice that a borrower’s competitive-equilibrium contract when beliefs are known 
maximizes her perceived expected utility subject to a zero-profit condition determined by the borrower’s actual behavior. 
Since given the contract the borrower signs her behavior is independent of her beliefs, the zero-profit condition is inde-
pendent of borrower beliefs. This implies that each borrower prefers the competitive-equilibrium contract she gets with 
her beliefs known to contracts borrowers with other beliefs get.
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levels of  self-control. As a result, whether a borrower with beliefs close to sophisticated has 
 discontinuously lower welfare than a sophisticated borrower depends on whether F(β ) is close 
to 1. We argue that for most natural senses in which beliefs can approach sophistication, F(β ) 
does not approach 1, so that near-sophisticated borrowers will typically have discretely lower 
welfare than sophisticated borrowers. Consider a sequence Fn of distributions, and let F * be the 
distribution (corresponding to perfect sophistication) that assigns probability 1 to the true β. As 
a possible example of an increase in sophistication, if each Fn+1 is obtained by shifting Fn to the 
left, with the mean of Fn approaching β, then Fn(β ) does not approach 1, and this is the case 
even if the support of each Fn is extremely tight. Alternatively, if the Fn are symmetric continu-
ous distributions with mean β whose variance approaches zero as n approaches infinity, Fn(β ) 
does not change at all (and is equal to one-half). Combining these two possibilities, if the Fn are 
symmetric continuous distributions whose mean approaches β from above and whose variance 
approaches zero, then Fn(β ) ≤1/2 for all n. More generally, a natural formulation of convergence 
to sophistication with general beliefs is that Fn → F * in distribution (or, equivalently, Fn → F * 
in probability), and this statement does not imply that Fn(β ) → F *(β ) = 1. In fact, this implica-
tion seems extremely special, especially for sequences that approach F * from the direction of 
overoptimistic beliefs.

Intuitively, a nonsophisticated borrower has much lower utility than a sophisticated borrower 
if she assigns a nontrivial probability to unrealistically high levels of self-control. Knowing that 
these beliefs are wrong, firms offer a contract that requires such unrealistic levels of self-control 
to repay in an advantageous way, thereby making credit seem cheap and fooling the consumer 
into overborrowing and paying a large fee for back-loading repayment. Note that although we 
have assumed that β is known to firms, this intuition suggests that the basic mechanism operates 
more generally—whenever there is a β such that borrowers attach unrealistically high probability 
on average to   ̂  

 
 β  > β, and firms know this.

Proposition 9 and the above intuition make clear that in our setting, previous formalizations 
of near sophistication can be seen as opposite extremes. Translated into our model, Eliaz and 
Spiegler (2006) and Geir B. Asheim (2008) assume that F(·) is binary, assigning probability p to 
being time-consistent (β = 1) and probability 1 − p to the true β. In this model of partial naïvete, 
a near-sophisticated borrower puts a high probability on her actual taste—1 − p = F(β ) ≈ 1—so 
she cannot be fooled much regarding how she will repay. In the O’Donoghue and Rabin (2001) 
model of partial naïvete, a near-sophisticated consumer puts zero weight on her actual taste or 
lower—F(β ) = 0—so she can be completely fooled. For many or most notions of near sophisti-
cation, F(β ) is neither close to zero nor close to one, so the borrower can be partially fooled. This 
means that welfare is discretely lower than for sophisticated consumers, although by less than 
with the O’Donoghue-Rabin specification.

Proposition 9 also indicates that in a market situation, there is a fundamental asymmetry 
between overly optimistic and overly pessimistic beliefs about time inconsistency. This is true at 
the individual level: the weight a person puts on too high levels of   ̂  

 
 β  has significant welfare impli-

cations, but the weight she puts on too low levels of   ̂  
 

 β  has no implications in that it is as if she put 
the same weight on her true β. And a similar conclusion holds when comparing individuals with 
different beliefs: whereas a small amount of confident overoptimism (e.g., a degenerate   ̂  

 
 β  > β ) 

leads to a discontinuous drop in welfare, a small amount of overpessimism (  ̂  
 

 β  < β ) leads to no 
welfare loss at all. The intuition derives from which kind of misprediction firms can profitably take 
advantage of. As we have emphasized throughout the paper, a firm can attract an overly optimistic 
borrower by leading her to think she will repay more of her loan early than she actually will, mak-
ing credit seem cheap and generating overborrowing and a change of mind regarding repayment. In 
contrast, the only way a firm could mislead a pessimistic borrower is by making her think that she 
will repay less of her loan early than she actually will. Since the borrower considers her future self 
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too present-oriented to start with, she would dislike this possibility, so she would be reluctant to sign 
such a contract. Hence, there is no point in misleading her in this direction.26

Similarly to the predictions on contract terms and welfare in the unrestricted market, our con-
clusion that the restricted market can yield higher welfare also extends, with minor qualifications, 
to the more general formulation of borrower beliefs. By the same argument as in sections II and 
III, such an intervention benefits near-sophisticated borrowers with F(β ) nontrivially different 
from 1. Since a borrower with F(β ) ≈ 1 gets utility close to that of a sophisticated borrower any-
way, the same intervention cannot benefit her by much. And since an overly pessimistic borrower 
gets the same utility as a sophisticated borrower, she can only be made worse off by the interven-
tion. But while it will not help much, neither does the intervention hurt the latter two types of bor-
rowers by much. Since the welfare gain for the former types of borrowers is discrete, therefore, if 
there is even a very small fraction of these borrowers in the population, a restricted market may 
have higher social welfare than an unrestricted market. For the same reason, our model implies 
that the restricted market can generate substantially higher welfare even if borrowers are not only 
all close to sophisticated, but also on average correct about their future preferences—with some 
overestimating β and some underestimating it.27

V.  Related Literature

A. Related Psychology-and-Economics Literature

Our model builds on several recent papers on contracting with time-inconsistent or boundedly 
rational consumers. While we discuss other differences between these theories and ours below, 
the most important difference is that we consider a richer set of welfare implications, and also 
analyze welfare-increasing interventions.

Our paper belongs to the small literature on contracting with time inconsistency, including 
DellaVigna and Malmendier (2004), Daniel Gottlieb (2008), and Elif Incekara Hafalir (2008) on 
specific contract forms and K     o szegi (2005) and Eliaz and Spiegler (2006) on general nonlinear con-
tracts. Closest to our work, DellaVigna and Malmendier (2004) develop a model in which firms sell 
to time-inconsistent individuals using two-part tariffs consisting of an initial lump-sum transfer and 
a later price for consuming. Analogously to our prediction that deferring repayment is costly, they 
show that for a product with immediate benefits and delayed costs, the price is above cost. Although 
this has no welfare effect in their setting, in an extension they also show that firms choose renewal 
fees so that all nonsophisticated consumers mispredict whether they will renew. But because their 
model exogenously imposes the contract forms, and because it is not specifically written for the 
credit market, it does not make many of our finer predictions on contract features and outcomes (such 
as the overborrowing by nonsophisticated consumers, the excessively front-loaded baseline repay-
ment schedules, and the disproportionately large fees for deferring small amounts of repayment).

Eliaz and Spiegler (2006) develop a two-period model in which a monopolist offers con-
tracts in the first period to a population of consumers who have homogeneous time-inconsistent 

26 The above logic also explains why for any borrower beliefs there are at most two (relevant) repayment options in 
the competitive-equilibrium contract. To the extent that the borrower puts weight on unrealistically high levels of self-
control (  ̂  

 
 β  > β), she can be fooled into believing she will choose a cheap front-loaded repayment schedule, so a lender 

offers a single repayment schedule that will make credit seem cheapest. To the extent that the borrower puts weight on 
unrealistically low levels of self-control (  ̂ 

 
 β  < β), it is unprofitable to fool her, so a lender offers the repayment option 

she will actually choose.
27 As we have discussed in Section II, if many consumers are very naïve it is unclear whether the restricted market 

yields higher welfare than the unrestricted one. But even in that case, a restricted market combined with an interest-rate 
cap is often better than an unrestricted market.
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 preferences about an action to be taken in the second period, but attach heterogeneous prior prob-
abilities to the change in preferences. We modify Eliaz and Spiegler (2006) by assuming a differ-
ent form of naïvete about preferences and by focusing on perfect competition, and as a result get a 
discontinuity in outcomes and welfare at full sophistication that is not present in their model. By 
extending their and our model to allow for any borrower beliefs, we show that the discontinuity 
holds for many or most forms of these beliefs. We also extend their theory by considering het-
erogeneity in preferences in addition to beliefs. And we specialize their model to a credit market 
in which time inconsistency derives from a taste for immediate gratification, yielding specific 
predictions that would not make immediate sense in their setting.

Modeling a phenomenon that is clearly very important in credit markets, Gabaix and Laibson 
(2006) assume that there is an exogenously given costly add-on (e.g., a printer’s cartridge costs or 
a credit card’s fees) that naïve consumers might partially or fully ignore when making purchase 
decisions, and that sophisticated consumers take steps to avoid. Gabaix and Laibson’s main find-
ing is that because competitive firms lose money on sophisticated consumers and make money on 
naïve consumers, they may not have an incentive to debias the latter ones. While both forms of 
naïvete are clearly relevant, our focus is on what happens when consumers might misunderstand 
their reaction to a contract rather than the terms of the contract. This has the advantage that we can 
derive borrowers’ misprediction of the cost of credit from a general model of consumer prefer-
ences and beliefs interacting with profit-maximizing firms—rather than take this misprediction as 
exogenous—allowing us to endogenize more features of credit contracts (e.g., a low-cost overly 
front-loaded baseline repayment schedule along with a large penalty to switch out of it) and propose 
plausible interventions. There is also a major difference between the two models in the source of 
inefficiency: whereas in Gabaix and Laibson’s model the welfare loss comes from sophisticated 
consumers’ costly effort to avoid the add-on, in ours it derives largely from the suboptimal contracts 
nonsophisticated borrowers receive—an aspect that seems very realistic for credit markets.

Michael D. Grubb (2007) considers contracting with consumers who overestimate the extent 
to which they can predict their demand for a product (e.g., their cell-phone usage). To exploit 
consumers’ misprediction, firms convexify the price schedule by selling a number of units at zero 
marginal price and further units at a positive marginal price. The high marginal price for high 
amounts of consumption is similar to our basic prediction that deferring repayment is expensive. 
Unlike in Grubb (2007), however, in our setting the price of deferring repayment is imposed as a 
large fee, and beyond this fee the marginal price can be low to encourage self 1 to defer more of 
her repayment. This feature seems consistent with credit markets; for instance, although a sub-
prime mortgage typically carries a large prepayment penalty, once a borrower pays that penalty 
there is little extra cost in refinancing more of the mortgage.

B. Predictions of Neoclassical models

We are not aware of neoclassical theories that explain the contract features we have derived. 
Beyond this observation, we argue in this section that natural versions of neoclassical models do 
not generate qualitatively similar features.

Since the main predictions of our model concern a contract’s repayment terms and how a bor-
rower chooses from these terms, we begin by discussing situations in which there is heterogeneity 
in borrowers’ ability or willingness to repay the loan fast—to which screening using repay-
ment terms would seem to be the natural response. If borrowers know at the time of contracting 
whether they will be able to repay fast, it is optimal for lenders to offer an expensive loan aimed at 
late payers that allows back-loaded repayment. But a contract with a prepayment penalty is a very 
inefficient way of achieving this—it would be better to simply offer an expensive mortgage that 
postulates later repayment to start with, avoiding the costs of refinancing. Similarly, a  credit-card 
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contract intended for a late payer could simply be more expensive and have a longer grace period, 
rather than require fast repayment and feature a large penalty for deviations.

If borrowers do not know at the time of contracting whether they will be able to repay fast 
but are rational regarding this uncertainty and are time consistent, we get a situation of classical 
sequential screening (Courty and Li 2000, for example) or postcontractual hidden knowledge 
(Jean-Jacques Laffont and David Martimort 2001, Section 2.11, for example). But specifying 
such a model in a natural way for our setting yields essentially the opposite qualitative contract 
features to what we have found. As a simple example in the context of hidden knowledge, sup-
pose that each borrower is interested in buying a product for a price of 1, and she has the option 
of paying for the product out of pocket in period 1. She can, however, also obtain a loan for 
buying the product from a single lender. If the borrower obtains a loan, she pays back an amount 
q in period 1 and an amount r in period 2, with costs θk(q) and r, respectively. The variable θ, 
with support equal to some positive interval [  _ θ ,  

_
 θ   ], captures differences in the cost of repaying 

early. Neither party knows θ at the time of contracting, but the borrower learns it before choos-
ing q in period 1. Then, it is easy to show that the lender’s optimal contract involves a loan that 
is expensive if repaid early—if θ is low, the borrower wishes she had paid out of pocket—but 
whose repayment schedule is free to change. In contrast, our model predicts loans that are cheap 
if repaid early but whose repayment terms are expensive to change.28

While our model assumes no default and therefore ignores issues of credit risk, it is unlikely that 
the contract features we have found could be explained by this consideration. As shown in classical 
contributions by Stiglitz and Andrew Weiss (1981) and Helmut Bester (1985, 1987), the primary 
screening tools lenders would use when facing heterogeneity in credit risk are credit rationing and 
collateral requirements. If there is a negative correlation between credit risk and the ability to repay 
early, then screening in part using repayment terms might be an optimal response. But if this was the 
case, borrowers who repay quickly would be the most profitable—a prediction that is empirically 
false. Credit-card companies appear only to break even on consumers who repay their full bill every 
month, and make the bulk of their ex post profits on consumers who carry a balance (Ausubel 1991; 
Sujit Chakravorti and William R. Emmons 2003). In fact, consumers who regularly pay off their 
balances are sometimes referred to in the industry as “deadbeats” or “freeloaders” (Chakravorti and 
Alpa Shah 2001). Similarly, as mentioned above, subprime mortgage lenders seem to have gener-
ated a significant portion of their profits from prepayment penalties and refinancing fees.

The contract features we have derived also do not seem consistent with a screening model 
in which rational time-consistent borrowers differ in their need for credit. If this were the case, 
the primary screening tool lenders would likely use is the amount of credit rather than the time 
structure of repayment.

Finally, the large penalties predicted by our theory are at first glance similar to penalties used 
by principals in moral-hazard and screening models to prevent an agent from taking actions the 
principal does not want.29 In contrast to these penalties that serve only a preventive role and that 
agents rarely or never pay in equilibrium, in our model nonsophisticated borrowers do pay the 

28 The formal derivation of the optimal contract in the case of hidden knowledge, as well as some discussion of the 
above assumptions, is available from the authors upon request. By the same basic logic, sequential screening seems to 
yield similarly different contracts from those predicted by our theory. In the main example given by Courty and Li (2000), 
there is a business traveler with highly uncertain valuation for an airplane ticket and a leisure traveler with less uncertain 
valuation, and the airline screens these travelers by offering an expensive refundable ticket to the business traveler and a 
cheap nonrefundable ticket to the leisure traveler. Analogously, a lender should offer an expensive flexible mortgage to 
borrowers who face uncertainty regarding their ability to repay early—one that is expensive if repaid early but has a lot 
of flexibility on how to pay back.

29 In the classical case of moral hazard, see James A. Mirrless (1999) and Patrick Bolton and Mathias Dewatripont 
(2005, 140).
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penalties. In fact, the penalties are a central source of firm profits, and designing them is a central 
part of a firm’s contract-design problem.

VI.  Conclusion

While it captures some salient features of real-world credit markets and identifies simple wel-
fare-improving interventions, our setting leaves unanswered important questions about whether 
and in what way partial naïvete justifies intervention. Although the intervention we propose is 
welfare improving in the sense typically used in economics (social welfare), in the spirit of lib-
ertarian paternalism’s (Richard Thaler and Cass Sunstein 2003) respect for individual liberty, 
we can formulate another criterion for interventions: that they should be accepted by consumers. 
In our theory, all borrowers believe they are rational, so if they correctly predicted what con-
tracts they would receive in a restricted market, they would be against intervention. Investigating 
whether this generalizes to settings where firms do not redistribute all of their profits to sophisti-
cated borrowers, and whether there are modifications of our intervention that consumers would 
accept, is left for future work.

Another important issue we have completely ignored in this paper is the source of consumer 
beliefs. Consumers may learn about their preferences from their own behavior and that of the 
firms, and they often seem to have a generic skepticism regarding contract offers even if they 
do not know how exactly the contract is looking to exploit them. Since our model (like most 
models of naïvete with which we are familiar) starts from exogenously given beliefs, it can-
not easily accommodate such learning and meta-sophistication.30 Nevertheless, our results sug-
gest that learning can sometimes lower welfare. So long as a borrower does not become fully 
sophisticated, she might switch away from her preferred repayment schedule ex post, so that her 
increased sophistication does not help in achieving full self-control in repayment. In addition, her 
pessimism might mean that—in a futile attempt at achieving self-control—she chooses a worse 
deal up front, lowering her utility.
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