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Abstract. The sunk cost effect has been widely observed in individual decisions. Building
on an intrapersonal self-management game, the paper theoretically shows that the sunk
cost effectmay stem from an attempt to overcome the underinvestment problem associated
with a high degree of present bias or to resolve the multi-selves coordination problem
when the degree of present bias is low. Especially for individuals with severe present
bias, the current self may take a costly action (which is a sunk cost for the future self) to
signal the individual’s high success probability that motivates his future self-disciplining
behaviors. In equilibrium, a higher level of sunk cost is more likely to give rise to a
higher probability for the individual to continue the project. We then conduct a laboratory
experiment. The empirical findings are consistent with our theoretical implications.
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If someone offered us a pill that henceforth would make
us people who never honored sunk costs, we might be
ill advised to accept it. (Nozick 1993, p. 23).

1. Introduction
1.1. Motivation
The sunk cost effect has been widely observed in
business decisions. Common examples of sunk cost
for business include the promotion of a brand name
and R&D expenditure. People with “the Concorde
effect” (or sunk cost effect in the narrow sense) tend
to think that they should continue to spend money on
their projects to not waste the money or effort they
have already put into it. After having invested a large
amount of money, labor, and time, people prefer not
to give up at halftime.1 While, in standard economic
theory, only prospective (future) costs should be rele-
vant to an investment decision, in our paper, we show
that this persistence of continuation may be valuable
to motivate people to complete a long-term and ambi-
tious task.
In the markets, consumers frequently burn their

money. Why do consumers spend money on the hard-
back edition of a book instead of the paperback edition
with a much lower price? The hardback book can act
as a signal indicating the readers’ enthusiasm for the
book to other people, but, more importantly, does it not

also signal to themselves, encouraging their persistence
of reading the book? Why do people, especially gang-
sters, make painful tattoos?2 Life in a gang is tough.
Yes, the gangsters may want to signal to others that
they are tough enough to deter potential enemies. But
does that not also remind themselves of a sort of deter-
mination? Why do people in a relationship write love
letters and decorate costly prewedding and wedding
photos? These may be signals to the partner on how he
loves her. But are the photos and letter drafts not also
indicative of something to oneself?

Standard economics textbooks teach us that we
should never consider sunk costs in decision making.
Nevertheless, think about a first-year PhD candidate in
economics who is wondering whether to quit the PhD
program. When he touches the amiable cover of the
book “MWG,” he hesitates. Consider a gangster think-
ing about quitting the gang.He hesitateswhen he looks
at the tattoos on the skin in the mirror.3 Or consider
a person who is contemplating whether to terminate
a relationship. When revisiting all of the letter drafts,
decorated photos, and tickets for shows they watched
together and parks they visited together, he hesitates.4
In these examples, the books, tattoos, letter drafts, and
so on are all sunk costs. Would you say they commit
a fallacy when taking these sunk costs into account
because sunk costs are sunk?
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Present bias or the tendency to pursue immediate
gratification is a prevalent psychological trait in in-
tertemporal decision making, and could lead to inef-
ficient underinvestment in long-run projects (see, e.g.,
O’Donoghue and Rabin 1999). An individual knows
that studying a book is good, but the cost of doing so is
immediate (and the temptation of surfing gossip web-
sites is hard to resist) while the reward is only realized
in the future. The immediate cost looks so prominent
that the individual may thus delay studying to tomor-
row, while he delays again when tomorrow comes. On
the other hand, the individual may have bought the
hardback edition of the book and when he struggles
about whether to continue to study it, another behav-
ioral bias may arise: Maybe I should try to read it,
since I have paid so much money to buy the hardback
book! Therefore, the familiar sunk cost effect arises.
Interestingly, the sunk cost effect works in the opposite
direction to the effect of present bias, and alleviates the
underinvestment problem in this example. Here, the
option of hardback books plays the role of motivational
device for the consumers.5

1.2. Overview and Relation to the Literature
To the best of our knowledge, the American philoso-
pher Robert Nozick (1993) is the first to informally sug-
gest the instrumental role of the sunk cost effect in
resisting temptations.6 While standard economics text-
books regard the sunk cost effect as a fallacy, there
are several studies attempting to provide rationales for
this effect. Among them, Thaler (1980) explains that
sunk costs change the marginal disutility of loss and
may thus change decisions, from a prospect theory
perspective. Eyster (2002) explains it as the result of
preferences over rationalizing past choices. Instead of
attributing the sunk cost effect to the affective reason,
other models adopt the cognitive approach and find
the interpersonal signaling value of the sunk cost effect.
For example, Kanodia et al. (1989) and McAfee et al.
(2010) study the role of honoring sunk cost in building
reputations.7
More recently, Baliga and Ely (2011) provide a ratio-

nale for the sunk cost effect in a two-period intraper-
sonal model with time-consistent preferences. In the
first period, an individual decides on whether to ini-
tiate a project with some initiation cost; in the second
period, if he has initiated the project, the individual
decides whether to complete it with some continua-
tion cost. The individual knows the expected value of
the project when initiating the project but forgets it in
the second period. Therefore, the initiation cost, which
is sunk from the viewpoint in the second period, is
informative when the individual decides on whether
to complete the project: a higher sunk cost indicates
higher expected value and makes completion more
likely.

In Baliga and Ely’s (2011) model, initiation is
an endogenous decision; the individual learns the
expected value of the project before initiating the
project, and no further information comes in between
initiation and completion, except the continuation cost.
However, for most if not all of long-run projects, peo-
ple learn new information about the type of the project,
after they have initiated a project, and such informa-
tion is no less important than the information collected
before the initiation. For example, a rookie PhD stu-
dent typically learns how the academia runs only after
he started his PhD study, rather than when he contem-
plated whether to start a PhD or not; a girl knows her
partner better only after the guy became her boyfriend,
rather than when she decided whether to commit to a
relation to him. In these cases, the sunk initiation cost is
unrelated to the information acquired after the project’s
initiation.

In line with the idea of Nozick (1993), our paper pro-
vides an alternative economic model with an endoge-
nous sunk cost effect. We are different from Baliga and
Ely (2011) in two main aspects. First, we will focus on
the information acquired after the project initiation.
For simplicity and to clearly distinguish our model
from Baliga and Ely (2011), we assume exogenous ini-
tiation of the project. Second and more importantly,
we introduce present-biased preference and investigate
the impact of the interaction between present bias and
limited memory. More specifically, we consider the fol-
lowing three-period model. In the first period, an indi-
vidual learns his ability (the success probability if the
project is completed) and then takes a costly action that
does not affect the project type (e.g., hardback books,
prewedding photos, tattooing). As in Baliga and Ely
(2011), the individual has limitedmemory. He observes
(the outcome of) the costly action but forgets his type in
the second period when he has to determine whether
to complete the project with an add-on cost that is inde-
pendent of both the project type and the costly action.
If completed, the project yields a return with the suc-
cess probability in period 3. Our results are as follows.
In a benchmark case of perfect memory, the individual
does not invest in the costly action, and therefore there
is no sunk cost effect. When the individual has limited
memory, there are separating equilibria in which the
present-biased individual invests in the costly action;
moreover, the sunk cost effect emerges, in that the
action taken in period 1, which is sunk from the view-
point of period 2, influences the completion decision in
period 2, although it affects neither the expected return
of the project nor the cost of completion.8 The sunk cost
plays two roles in the intrapersonal interaction. When
there is a high degree of present bias causing a severe
underinvestment problem, the individual with a low-
type project in period 1 has incentive to mimic the one
with a high-type project; the sunk cost effect thus arises
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as a signaling device. Otherwise, there remains a pure
informational problem as the individual in period 2
has limited memory, the sunk cost, which is low in this
case, thus works as a coordination device for the indi-
vidual in period 2 to identify his true type.
While Nozick (1993) treats the sunk cost effect as

exogenous in discussing its value in resisting tempta-
tions, the sunk cost effect is endogenous in our model.
In a nutshell, Baliga and Ely (2011) build a model with
time-consistent preference where the sunk initiation
cost has informational value about the project return,
while in ourmodel sunk cost acts as a signaling or coor-
dination device in the presence of time-inconsistent
preference. In the case of a high degree of conflict-
ing interest between multiple selves, our model is in
essence a classic signaling story where the current self
has an incentive to burn money as a costly signal-
ing device so as to discipline the future self, since the
money burned as sunk cost will be taken into account
by the future self in decision making. In the case of a
low degree of conflicting interest with multiple selves,
our model predicts that sunk cost coordinates over
multiple equilibria.

Like in our model, Bénabou and Tirole (2004) and
Ericson (2017) consider the interplay between limited
memory and present bias. Bénabou and Tirole (2004)
analyze how individuals develop personal rules such
as diets, smoking only after meals, monthly saving
targets, to deal with dynamic inconsistency. In their
model, in each period, the individual decides whether
to initiate a willpower activity (like abstinence in drink-
ing, smoking, or spending), and by doing so, he puts
his will to the test, because he will have to decide
whether to give up or persevere under present-biased
preference later in that period. It is shown that exer-
cising willpower motivates the future individual not
to give up given his imperfect recall. In Ericson (2017),
memory is limited in the sense that an individual may
forget to complete a task in the future, rather than for-
get some event occurring before. Ericson (2017) shows
that limited memory can function as a commitment
device for present-biased individuals, as the anticipa-
tion of forgetting to finish the task in the future may
alleviate the problem of procrastination. Notably, nei-
ther Bénabou and Tirole (2004) nor Ericson (2017) ana-
lyzes the sunk cost effect though.

1.3. Summary of the Experiment
We then conducted an incentivized experiment in two
waves with a total of 178 valid subjects in Wuhan Uni-
versity, China, to test the main implications of our
model. The first wave of the experiment was conducted
in November and December of 2015, while the second
wave was conducted in May and June of 2017. The
main experiment of both waves is the same except that
we also elicited the subjects’ present bias parameters
in the second wave with a standard multiple-price-list

design. In the main experiment, the subjects were ran-
domly divided into a treatment group and a control
group. Themain experiment consists of three stages. In
the first stage, the subjects were asked to choose costly
action values for each of 20 hypothetical investment
projects with random IDs, after observing their success
probabilities. To induce limited memory of the sub-
jects, the ID of each project is a five-digit binary num-
ber. In the second stage after two weeks, the subjects of
the treatment groupwere shown only the action values
they chose in the previous stage, while the subjects of
the control groupwere shown the success probabilities
of the 20 projects in addition to the action values they
chose. The treatment group thus corresponds to the
case of limited memory while the control group cor-
responds to the case of perfect memory in our model.
Then the subjects were asked to indicate their will-
ingness to invest with an add-on cost to complete the
project for each of these 20 projects. After the decisions
were made, the add-on cost needed to complete the
project was realized. If it was lower than the willing-
ness to invest that the subject chose, the subject would
pay the cost to complete the project and the project
would succeed in the third stage after another two
weeks with its success probability, generating a return
to the subject; otherwise, the project failed and gener-
ated zero return.

Our experimental findings are largely consistent
with the implications of our model. In the first stage,
the subjects in the treatment group more often chose
costly actions, and chose higher action values, com-
pared to the control group. In the treatment group,
the higher the success probability of the project was,
the higher the action value was chosen (and thus the
higher the sunk cost was from the viewpoint at stage 2),
and eventually the more likely that the project was
completed. By contrast, in the control group, the rela-
tion between project success probabilities and action
values is weaker, while the relation between action val-
ues and the likelihood that the project was completed
is insignificant. Additionally, by linking the subjects’
action values to their level of present bias, we find
that the more present-biased subjects in the treatment
group tend to choose higher action values, which are
increasing in project success probabilities to a larger
extent. The sunk cost effect we observed cannot be
explained by alternative theories mentioned above.

2. Model
Our model builds along the line of the canonical self-
management games by Carrillo and Mariotti (2000)
and Bénabou and Tirole (2002). There are three dates,
t � 0, 1, 2. We allow for present-biased preferences—
i.e., the individual at t discounts expected payoffs at
t + n (>t) with a discount factor equal to βδn , where
δ normalized to one is the normal discounting factor,
and β ∈ (0, 1] corresponds to hyperbolic discounting.9
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The timing is as follows.
At t � 0, the individual or self-0 has started a

project,10 and privately observes the project’s probabil-
ity of success, θ, which can be interpreted as his ability.
Assume that θ can take only two values, and let θ ∈
{θL, θH} with 0 < θL < θH < 1. θH occurs with proba-
bility p, and θL occurs with probability 1− p. Then he
chooses tangible and observable a ∈ �+, while a does
not affect θ. Although our assumption of money burn-
ing (nonproductive a) is a simplifying one, it can be
relaxed to allow for productive efforts without qual-
itatively changing the insights, like Spence’s (1973)
education-as-a-signal model.11 The cost of a is c(θ, a),
which captures the instantaneous subjective disutility
(either physical or psychological cost) of making a and
will be unobservable from self-1’s viewpoint at t � 1.
Assume that c is smooth, that c2(θ, a) > 0, c22(θ, a)
> 0, and c12(θ, a) < 0 for all θ, a, and that c(θ, 0) is
normalized to zero for all θ. Thus, we impose stan-
dard increasingness and convexity of the cost func-
tion. Moreover, there is a lower marginal cost for high-
success-probability individuals.12
At t � 1, the individual or self-1, who does not

know θ but could infer it on observing a in the last
period, decides whether to continue the project at an
add-on cost k > 0, which is unknown to self-0, but self-0
knows k’s continuous density function f and cumula-
tive distribution function F. As in Bénabou and Tirole
(2004) and Baliga and Ely (2011), while the individual
may forget his motivations, it may be easier to remem-
ber his observable actions in the past, which generate
sunk costs.
At t � 2, the project outcome is realized. If it was con-

tinued at t � 1, the project will succeed with probabil-
ity θ. The project yields benefitV > 0 if it was continued
at t � 1 and is successful at t � 2, and zero otherwise.
For the analysis, we adopt the solution concept

of perfect Bayesian equilibrium (PBE) in pure strate-
gies (with certain refinements).13 Thus, we implicitly
assume that the individual is sophisticated in the sense
that self-0 is fully aware of the problem of time incon-
sistency, and has a correct belief of β. Here, anticipat-
ing self-1’s behavior, self-0 takes actions to influence
self-1’s belief.

3. Analysis
3.1. Benchmark: Perfect Memory
In the case of complete information, self-1 chooses to
continue if and only if βθV ≥ k. However, from self-0’s
point of view (also known as the long-run perspective,
as in O’Donoghue and Rabin 1999), self-1 underinvests
as he should have invested as long as θV ≥ k. Self-0
would choose a to maximize

−c(θ, a)+ β
∫ βθV

0
(θV − k) f (k) dk

with the solution a � 0 for all θ.

3.2. Perfect Bayesian Equilibrium
In the case of incomplete information or imperfect
memory as we assume in the model, self-1’s deci-
sion depends on his belief about θ. Since self-1 infers
about θ from self-0’s a, the optimal a chosen by self-0
may not be zero as in the case of complete information.

Let θ̄� pθH + (1−p)θL, and p̂(a) be the belief of self-1
on the probability of type-H conditional on a. We also
let θ̂(a)� p̂(a)θH +(1− p̂(a))θL be the posterior expected
type for self-1. Self-0 of type-i ∈ {L,H} chooses a to
maximize

−c(θi , a)+ β
∫ βθ̂(a)V

0
(θiV − k) f (k) dk.

Here, increasing a does not only have a direct effect of
generating a higher level of the (sunk) cost c at t �0, but
also has an indirect impact on self-1’s belief θ̂(a), influ-
encing the likelihood for self-1 to continue the project.

We first check if there are equilibria in which two
types of individuals choose different levels of a, and
characterize the set of separating equilibria.

Proposition 1. Separating equilibria
(a) If ∫ βθH V

βθLV
(θLV − k) f (k) dk > 0, (1)

there exist separating equilibria in which aL � 0 and aH ∈
[
¯
aH , āH], where ¯

aH and āH are defined in (A.1) and (A.2),
respectively. Here, sunk cost is a signaling device: type-L
chooses a zero action value, while type-H chooses a large
enough action value.

(b) Otherwise, there exist separating equilibria in which
(i) aL � 0 and aH ∈ (0, āH]; (ii) aH � 0 and aL ∈ (0, āL],
where āL is defined in (A.3); or (iii) aL ∈ (0, āL(θ̂′)] and
aH ∈ (0, āH(θ̂′)], where θ̂′ satisfies (A.4) and āL(θ̂′) and
āH(θ̂′) are defined in (A.5) and (A.6), with either aH < aL
satisfying (A.7) or aL < aH . Here, sunk cost is a coordi-
nation device: the two types choose different action values,
which could be equal or close to zero.

Equations (A.1)–(A.7) are given in Appendix A.

All proofs are relegated to the appendix. In Proposi-
tion 1(a), with severe present bias, condition (1) is sat-
isfied: self-0 of type-L always has an incentive to mimic
type-H to overcome the underinvestment problem
associated with time-inconsistent preference.14 There-
fore, sunk cost is a signaling device: self-0 of type-H
invests in a positive amount a to signal its own type.
Self-1 will take into account a when making the con-
tinuation decision. In the separating equilibrium, since
θ̂(aH) � θH > θ̂(0) � θL, the positive, sunk aH signals
the high type, giving rise to a higher probability of
continuation compared to the observation of no invest-
ment in a. This result smacks of the sunk cost effect. As
Nozick (1993, p. 22) argues, “we do not treat the past
effort we have devoted to ongoing projects of work or
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life as of no account . . . Such projects help to define our
sense of ourselves and of our lives.” Our results thus
explain the prevalence of the hardback edition of books
and its motivational value for an enthusiastic reader
to complete the reading discussed in the Introduction.
A similar explanation applies to the tattoo and dating
examples.
With a mild conflict of interest between self-0 and

self-1, however, condition (1) is violated: neither type
of individuals wants to mimic the other.15 Thus, sunk
cost is a coordination device: as long as the two types
of individuals choose different levels of a, supported
by the equilibrium belief system, the coordination task
succeeds. For example, the individual may leave a note
to his future self to overcome the problem of limited
memory. This corresponds to each type of the indi-
vidual’s choice of a very small but different a as a
coordination device.16 In Proposition 1(b)(i) and some
equilibria in (iii), we still observe the sunk cost effect
where a high level of a entails a higher probability
for the individual to continue the project. However, in
(ii) and some equilibria in (iii), we observe the pro-rata
effect (a special case of sunk cost effect in the broad
sense) where a high level of a entails a lower probabil-
ity for the individual to continue the project (see, e.g.,
Baliga and Ely 2011). Moreover, as shown in (iii), it is
possible that both types of individuals will choose pos-
itive and money-burning a, supported by certain off-
equilibrium beliefs. Here, individuals use an endoge-
nous variable a to (intrapersonally) coordinate under a
low degree of time inconsistency, and thus it does not
necessitate the emergence of the sunk cost effect in the
narrow sense (i.e., a higher a giving rise to a higher
probability of continuation).
Now we consider the other set of equilibria in which

both types of individuals choose the same level of a,
and characterize the set of pooling equilibria.

Proposition 2. Pooling equilibria
(a) If ∫ βθ̄V

βθLV
(θLV − k) f (k) dk > 0, (2)

there exist pooling equilibria in which aL � aH � ap , for any
ap ∈ [0, āp], where āp is defined by (B.1).
(b) Otherwise, there exist pooling equilibria in which aL �

aH � ap ∈ [0, āp(θ̂′′)], where θ̂′′ > θ̄ satisfies (B.2) and
āp(θ̂′′)�min{A,B}withA andB defined in (B.3) and (B.4).
Equations (B.1)–(B.4) are given in Appendix B.

Condition (2) is a necessary condition of condi-
tion (1).17 Moreover, when β is sufficiently close to one,
condition (2) is violated.
In Proposition 2(a), with sufficiently severe present

bias, condition (2) is satisfied: self-0 of type-L has an
incentive to be pooled with type-H.18 This result of
pooling equilibrium is akin to the result of building

self-reputation via self-restraint in Bénabou and Tirole
(2004). In their model, both types of individuals have
the option of attempting self-control to signal to future
selves not to give up. A pooling equilibrium will occur
in which the low type can mimic the high type by exer-
cising willpower. However, in (b), when condition (2)
is violated, neither type of the individuals wants to be
pooled with the other type. The pooling equilibrium
entails a coordination failure as an intrapersonal com-
munication outcome.

In the pooling equilibria, if both types of individuals
choose a > 0, sunk cost is an intrapersonal trap, as it does
not provide any valuable information for the individ-
ual to decide whether to continue the project at t � 1.

3.3. Refinements
Withmultiplicity of equilibria, we first rely on the Intu-
itive Criterion (IC hereafter) to refine our equilibria
(Cho and Kreps 1987).

Proposition 3. IC refinement of separating equilibria
(a) The equilibria in Proposition 1(a) survive IC if and

only if aH is small enough such that

c(θL , aH) ≤ β
∫ min{θL , βθH }V

βθLV
(θLV − k) dF(k). (3)

(b) The equilibria in Proposition 1(b)(i) with aL � 0< aH
survive IC if and only if aH is small enough such that (3)
holds, where min{θL , βθH} � θL. The equilibria in Propo-
sition 1(b)(ii) and (iii) with aH < aL do not survive IC. The
equilibria in Proposition 1(b)(iii) with 0 < aL < aH survive
IC if and only if

c(θL , aH) − c(θL , aL) ≤ β
∫ θLV

βθLV
(θLV − k) f (k) dk. (4)

Proposition 3 shows that all of the separating equi-
libria with the pro-rata effect (aH < aL) where a high
level of sunk cost involves a low probability to con-
tinue the project cannot survive IC. This is because any
deviation a′ ∈ (aH , aL) is unattractive to type-H what-
ever self-1’s belief. Given this, self-1 would believe that
an off-equilibrium a′ ∈ (aH , aL) should be from type-L,
which gives type-L an incentive to deviate to a′.

Proposition 3 also shows that the separating equi-
libria with the sunk cost effect (Concorde effect; i.e.,
aH > aL) survive IC under either condition (3) or (4).
For the equilibria in Proposition 1(a), if Inequality (3)
is violated, then aH is so large that self-0 with type-L
has no incentive to deviate to aH (or any a′ that is
slightly lower than aH) whatever self-1’s belief. Given
this, self-1 would believe that an off-equilibrium a′ that
is slightly lower than aH should be from type-H, and
this gives type-H an incentive to deviate to a′. There-
fore, the equilibria in Proposition 1(a) do not survive IC
if Inequality (3) is violated. The intuition for the other
separating equilibria with aH > aL is similar.
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When present bias is sufficiently severe (β ≤ θL/θH
such that (1) is satisfied), given the definition of

¯
aH

in (A.1) and that min{θL , βθH}V � βθHV , condition (3)
implies that only the least-cost-separating equilibrium
with 0 � aL < aH �

¯
aH survives IC.

Proposition 4. IC refinement of pooling equilibria
If∫ min{θL , βθH }V

βθ̄V
(θLV − k) dF(k) <

∫ βθH V

βθ̄V
(θHV − k) dF(k),

(5)
the pooling equilibria in Proposition 2 do not survive IC.

When (5) is satisfied, one can always find off-equi-
librium a′ > ap to which type-L find it unattractive to
deviate whatever self-1’s belief is, while type-H find it
profitable to deviate if the off-equilibrium belief entails
θ̂(a′) � θH , and therefore the pooling equilibria do not
survive IC.

When present bias is sufficiently severe (β ≤ θL/θ̄),
the pooling equilibria in Proposition 2 do not survive
IC.19

The IC refinement is not particularly powerful as
there may still be multiple equilibria after the refine-
ment. The need for further equilibrium refinement nat-
urally leads us to rely on the notion of Pareto-efficiency.
Note that in a sequential-move game, the first mover
(self-0 in our intrapersonal game) is unlikely to choose
a Pareto-dominated equilibrium.

We then employ the Pareto-efficiency Criterion (PC
hereafter) to refine our equilibria.

Proposition 5. PC refinement of separating equilibria
(a) Among the separating equilibria in Proposition 1(a),

only the least-cost separating equilibrium in which aL � 0
and aH �

¯
aH survives PC.

(b) No equilibrium in Proposition 1(b) survives PC.

In Proposition 1(a), it is clear that the least-cost sep-
arating equilibrium is the unique (Pareto-) efficient
one. Thus, the sunk cost effect remains after the PC
refinement. However, in Proposition 1(b), sunk cost is a
coordination device. While one type of the individual
should choose the lowest a � 0, the other type should
choose the smallest positive number, which does not
exist. Thus, no equilibrium survives the PC refinement.

Proposition 6. PC refinement of pooling equilibria
Among the pooling equilibria in Proposition 2, only the

pooling equilibrium with ap � 0 survives PC.

It is straightforward to see that the zero money-
burning pooling equilibrium Pareto-dominates the
other pooling equilibria.

3.4. Summary
Given our propositions, we focus on the impact of the
degree of present bias, and summarize and discuss our
key findings.

In the absence of equilibrium refinements, even if
there still exist pooling equilibria, Proposition 1 sug-
gests a unique pattern of separating equilibria when
β is small: high-success-probability individuals incur
a high sunk cost giving rise to the sunk cost effect.
When β is large, the signaling motivation is altered to
be a coordination problem, and we do not necessarily
observe the (narrowly defined) sunk cost effect due to
the multiplicity of separating equilibrium patterns.

We then consider equilibrium refinement. When β
is sufficiently small, with IC refinement, no pooling
equilibrium survives while the only surviving separat-
ing equilibrium is the least cost separating equilibrium
with the sunk cost effect; this least-cost separating equi-
librium also survives the PC refinement.

When β is large, the IC refinement rules out the
separating equilibria with the pro-rata effect; the PC
refinement further rules out the pooling equilibriawith
ap > 0 as well as all of the separating equilibria. How-
ever, the fact that no separating equilibrium survives
PC refinementwhen β is large is because there exists no
smallest positive a given that a is continuous. Suppose,
instead, there exists a smallest positive number, ε. Then
a separating equilibrium with aL � 0 and aH � ε sur-
vives the PC refinement. According to Proposition 3(b),
it also survives the IC refinement because aH � ε is so
small that it satisfies condition (4). If the cost of taking
ε is negligible, the outcome of this separating equilib-
rium is equivalent to that of a complete information
equilibrium. Moreover, when β is large enough such
that (2) is violated (meaning that type-L self-0 does
not want to be pooled with type-H), this separating
equilibrium Pareto-dominates the pooling equilibrium
with ap � 0.
In summary, when β is small, the unique equilibrium

after both refinements is the least cost separating one.
When β is large enough, the unique equilibrium after
both refinements is the pooling equilibrium with a � 0
(if it survives IC); if there exists a smallest ε > 0, how-
ever, a separating equilibrium with aL � 0 and aH � ε is
the unique equilibrium surviving both refinements.

4. Experimental Design and Procedure
Based on our theory of sunk cost effects, we conducted
a three-stage incentivized experiment in the labora-
tory. In the first stage, subjects were asked to choose
costly action values, denoted by a, for 20 hypothetical
investment “projects,” observing the success probabil-
ities of the projects, θ. In the second stage, observing
the actions taken in the previous stage, subjects chose
critical values, CV , below which they would like to
incur additional costs to continue the project. In the
third stage, the outcome of the project was realized if
it was continued in the second stage. The time inter-
val between any two consecutive stages is two weeks,
for the sake of inducing limited memory. We randomly
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divided subjects into two groups, the treatment group
and the control group. The only difference between the
two groups is that in the second stage, subjects could
also observe the project types (the success probabili-
ties) in the control group (corresponding to the case
of perfect memory), while subjects in the treatment
group could not (corresponding to the case of limited
memory). Online Appendix E details the experimental
design and Online Appendix F provides English trans-
lation of the experimental instructions of the treatment
group.
We conducted two waves of the three-stage experi-

ment, with the first wave conducted in November and
December of 2015 and the second wave conducted
in May and June of 2017. In the second wave of the
experiment, in addition to the three-stage experiment,
we also elicited the subjects’ present bias parameters,
which will be linked to their action values in our analy-
sis.20 Online Appendix G provides more details about
how we elicited the subjects’ present bias parame-
ters using the multiple-price-list design. A total of 178
subjects from the undergraduate pool of Wuhan Uni-
versity in China, none of whom had any prior expe-
rience with our experiment, participated in and fin-
ished all of the stages of the experiment. In the first
wave, we recruited 67 subjects for the treatment group
and 24 subjects for the control group, depending on
the sign-up. In the second wave, there were 72 and
15 subjects attending the treatment group and control
group, respectively. The experiment was conducted
using z-Tree (Fischbacher 2007).

Our theory predicts that with perfect memory, self-0
will choose all-zero action values. With imperfect
memory, although a pooling equilibrium with all-zero
action values may survive IC and PC when present
bias is not severe under continuous action values, a
separating equilibrium with action values increasing
in project types survives both IC and PC when there
exists a smallest positive action value. In the first stage
of our experiment, when choosing action values, sub-
jects could not choose arbitrarily small action values;
instead, they were only allowed to keep three deci-
mal places, implying that there are smallest action val-
ues in our experiment. We thus have the following
hypotheses.

Hypothesis 1. In the control group, subjects are more likely
to choose all-zero action values than in the treatment group.

Hypothesis 2 (Endogenous Sunk Cost). In the treatment
group, a high level of action value is more likely to be associ-
ated with a high level of the success probability.

Hypothesis 3 (Sunk Cost Effect). In the treatment group,
a high level of action value is more likely to give a high level
of the critical value.

The theory predicts that for sufficiently present-
biased subjects, action values play a signaling device
so that they are substantially different from each other
for different projects, while for less present-biased sub-
jects, action values play a coordination device and will
be all very close to zero. We thus have the following
hypothesis.

Hypothesis 4. In the treatment group, for more present-
biased individuals, a high success probability is associated
with a higher action value (i.e., the relation between success
probability and action value is steeper), compared to less
present-biased individuals.

5. Experimental Results
Our theory predicts that subjects will choose action
values increasing in the projects’ types in the treatment
group while those in the control group do not have
to rely on the actions in the first stage to infer project
types and will thus choose zero action values. We find
that, in the control group, 25 of the 39 subjects chose
zero action values for all of the projects, while for the
treatment group, only 4 of the 139 subjects chose all
zero action values; meanwhile, 115 of the 139 subjects
in the treatment group made action values increase in
the success probabilities of projects, while only 6 of the
39 subjects in the control group did so.21 The Fisher’s
exact tests show that the frequency of all zero action
values is significantly higher in the control group than
in the treatment group (p-value < 0.0001), while the
frequency of increasing action values is significantly
higher in the treatment group than in the control group
(p-value < 0.0001). We then ran the Mann–Whitney
test to compare action values between the two groups
for each of the 20 projects. We find that, for all of
the projects, the action values chosen in the treatment
group are significantly higher than those in the control
group (p-values < 0.0001 for all of the projects). These
results suggest that, compared to the control group
with perfect memory, the subjects in the treatment
group in general make costly actions in the first stage
when the success probability θ cannot be observed in
the second stage, even if the action has no direct impact
on the future payoff.

Our theory also predicts that in the separating equi-
librium under limited memory, the individual in the
second stage can infer the project types from the
observed action values, so there will be no differ-
ence in the second-stage critical values between the
treatment group and the control group. Consistent
to this theoretical prediction, we find that there is
no statistically significant difference in critical values
between the treatment group and the control group
in all of the projects (p-values > 0.1, Mann–Whitney
tests) except for the project with success probability
θ � 0.894 (p-value � 0.0995, Mann–Whitney test). The
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above findings are summarized in the following result,
confirming Hypotheses 1 and 2.22

Result 1. The frequency of all-zero action values is signifi-
cantly higher in the control group than that in the treatment
group, while the frequency of increasing action values is sig-
nificantly higher in the treatment group than that in the
control group. For each project, the action value taken is sig-
nificantly higher in the treatment group than in the control
group, while, for most of the projects, there is no significant
difference in the critical value between the two groups.

We then conduct regression analysis to further ex-
plore the data. The first two columns in Table 1 report
regression results with action values as the depen-
dent variable. In column (1), we regress action value a
on project type θ, a dummy variable treatment indi-
cating the treatment group, and the interaction term
between θ and treatment. In column (2), we decom-
pose θ to two groups, θ × treatment and θ × control,
where control is adummyvariable indicating the control
group, and include θ × treatment and θ × control as the
right-hand-side variables instead,with individual fixed
effects further controlled for.23 For both regressions,
robust standard errors are clustered at the individual
level. Column (1) of Table 1 reports that the coefficient
of θ is significantlypositive, implying that in the control
group action values are increasing in the project types.
The coefficient of the interaction term θ × treatment
is also significantly positive. The sum of the coeffi-
cients of treatment and θ × treatment is positive (3.17),
and the t-test shows that it is statistically significant

Table 1. Determinants of a and CV

Dependent Dependent
variable: a variable: CV

(1) (2) (3) (4)

θ 2.30∗∗
(1.01)

treatment −2.61∗∗∗
(0.93)

a × treatment 4.22∗∗∗
(0.44)

a × control 3.11
(2.36)

θ× treatment 5.78∗∗∗ 8.09∗∗∗ 97.75∗∗∗
(1.43) (1.03) (6.03)

θ× control 2.30∗∗ 62.15∗∗∗
(1.04) (9.30)

Adjusted R2 0.099 0.924 0.685 0.802
No. of observations 3,560 3,560 3,560 3,560

Notes. This table reports regression results using the entire data set.
The first two columns report regression results on a, while the last
two columns report regression results on CV . Columns (2)–(4) con-
trol for individual fixed effects. Robust standard errors clustered at
the individual level are reported in parentheses.
∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.

(p-value < 0.0001). These results imply that when suc-
cess probability θ increases, the action value in the con-
trol groupwill increase, but the actionvalue in the treat-
ment group will increase more relative to the control
group. Column (2) of Table 1 reports that whenwe con-
trol for individual fixed effects, in the control group, the
action value will increase by 0.2 at the 5% significance
level when θ increases by 0.1, while in the treatment
group, the action value will increase by about 0.8 at the
1% significance level when θ increases by 0.1. The effect
is larger for the treatmentgroup than that for the control
group (p-value < 0.0001 by t-test), consistent with our
theory. The findings are summarized in the following
result.
Result 2. The action value is significantly increasing in the
success probability of the project for both groups, while the
slope is significantly steeper for the treatment group.

The finding on the treatment group is consistent
with Hypothesis 2, which implies that the equilibrium
action value is increasing in the success probability.
However, the control group exhibits a similar although
weaker behavior pattern as the treatment group, which
is not predicted by the theory. As reported in Table 4
of Online Appendix H, about one-sixth of the subjects
in the control group chose increasing action values.24

We then conduct regressions with CV as the depen-
dent variable. The last two columns in Table 1 report
the results. In column (3), we regress CV on a ×
treatment and a × control. In column (4), we replace a ×
treatment and a× control by θ× treatment and θ× control
as the right-hand-side variables. In both regressions,
we control for individual fixed effects, with robust stan-
dard errors clustered at the individual level.

We find that in column (3), the coefficient of a ×
treatment is positive at the 1% significance level while
the coefficient of a × control is insignificant. This result
is consistent with Hypothesis 3 that the individual is
more likely to invest to continue the project on observ-
ing a higher action value under imperfect memory. The
subjects of the control group were shown the success
probabilities of the projects when they decided on their
critical values. It is thus natural that their critical val-
ues are independent of the action values chosen in the
first stage.

Column (4) of Table 1 reports that the critical val-
ues are increasing in the projects’ success probabili-
ties at the 1% significance level, in both the treatment
group and the control group. Although the subjects
in the treatment group could not observe the project
types in the second stage, the money-burning action
is indeed informative in that projects with higher suc-
cess probabilities are more likely to be continued. The
significant relation for the control group is straightfor-
ward since the subjects decided on their critical values
when observing the success probabilities directly. The
following result summarizes the findings.
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Table 2. Relations Between a, θ and β

Dependent variable: a

(1) (2) (3) (4)

θ 126.92∗∗∗ 126.92∗∗∗ −5.42 −5.42
(40.83) (41.86) (6.37) (6.51)

β 70.23∗∗ −4.06
(30.49) (4.31)

β× θ −118.51∗∗∗ −118.51∗∗∗ 6.13 6.13
(40.55) (41.58) (7.02) (7.18)

Sample 2nd wave treatment 2nd wave control
Adjusted R2 0.077 0.923 0.006 0.900
No. of observations 1,440 1,440 260 260

Notes. This table reports regression results on a using the data from
the secondwave experiment. Columns (2) and (4) control for individ-
ual fixed effects. Robust standard errors clustered at the individual
level are reported in parentheses.
∗∗∗p < 0.01; ∗∗p < 0.05; ∗p < 0.1.

Result 3. The critical value chosen in Stage 2 is signifi-
cantly increasing in the action value chosen in Stage 1 for the
treatment group, while the relation is insignificant for the
control group. For both groups, the critical values are signif-
icantly increasing in the success probabilities of the projects.

Recall that in the second-wave of our experiment, we
elicited the subjects’ present bias parameter β using a
multiple-price-list design. We now focus on the data
from the second-wave experiment to study the relation
between action values and time preferences. Hypoth-
esis 4 predicts that in the treatment group, more
present-biased subjects will exhibit a steeper relation
between a and θ. Table 2 reports our regression results.
In column (1), we regress a on θ, β, and β × θ with
robust standard errors clustered at the individual level,
using the data from the second-wave treatment group.
Since our focus is on the interaction term β × θ, in
column (2), we replace β with individual fixed effects.
In columns (3) and (4), we repeat the regressions in
columns (1) and (2) using the data from the second-
wave control group.25 We find that the coefficients of θ
are significantly positive and the coefficients of β × θ
are significantly negative in the first two columns, indi-
cating that in the treatment group, a is increasing in
θ and, moreover, when β is lower, a is increasing in
θ with a steeper relation. In column (1), the sum of
the coefficients of β and β × θ is still negative (−48.29)
and statistically significant (p <0.005), implying that on
average, a more present-biased subject (with a lower β)
chooses a higher a. In columns (3) and (4), however,
none of the coefficients are statistically significant, con-
sistent with our theoretical model of perfect memory.
The above findings are summarized in Result 4.

Result 4. In the treatment group, the more present-biased
individuals choose significantly higher action values; their
action values are increasing in the success probabilities of the

projects with a significantly steeper slope. We do not observe
these patterns for the control group.

Overall, our experimental results are consistent with
all of the theoretical implications of our model of
endogenous sunk costs. Alternative theories cannot
explain the sunk cost effect observed in our experi-
ment. Since the start-up of the project is exogenous in
our experiment, the sunk cost effect we observe can-
not be due to signaling expected values conditional on
an endogenous start-up decision as in Baliga and Ely
(2011). Rationalizing the past (Eyster 2002) or higher
marginal disutility from loss due to sunk costs (Thaler
1980) cannot explain our data either because accord-
ing to these theories, the subjects should not take
positive first-stage actions in the first place, and even
if they have taken positive actions in the first stage,
the theories cannot account for the steeper slope of
the relationship between the action value and success
probability in the treatment group than in the control
group;moreover, the action, which does not have direct
payoff implications on the project, cannot be rational-
ized by the second-stage decisions unless a signaling
or coordination story is involved. Finally, our labo-
ratory experiment involves only individual decision-
making problems in private, ruling out the possibility
of the social-signaling motivation (Kanodia et al. 1989,
McAfee et al. 2010). More importantly, our experiment
shows the association between present bias and the
emergence of money-burning sunk cost, which can be
predicted only by our theoretical model.

6. Concluding Remarks
For teaching introductory economics in business
schools, one of the key elements to educate undergrad-
uate students is the notion of sunk cost. Particularly
insightful is that, when an individual facing an incre-
mental costdecideswhetherornot to continueaproject,
a rational individual should not take the level of sunk
cost into account (let the past be past!). However, a large
evidence suggests that it is not the case when it comes
to the sunk cost effect in reality (see, e.g., Arkes and
Blumer 1985).

While the marketing and behavioral industrial orga-
nization literature has started to examine the factors
mediating andmoderating individuals’ sunk cost effect
(e.g., Soman and Cheema 2001, Kwak and Park 2011)
and how the effect may affect optimal pricing (e.g.,
Wang and Yang 2010), our paper provides a different
angle by studying why the sunk cost effect emerges.
Several papers in economic theory tend to provide
rationales for the sunk cost effect, including from the
perspective of social signaling (as reviewed in the
introduction). In our paper, we focus on self-signaling
and intrapersonal coordination rather than social sig-
naling. Closest to our paper is the model of mem-
ory kludge by Baliga and Ely (2011). Both models are
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information based and rely on the level of sunk cost
to infer the expected value of the project to make the
correct decision. However, Baliga and Ely (2011) study
two selves without any conflict of interests. Facing an
exogenous cost, the first self decides whether to start
the project. Then the second self infers the project’s
value from this starting decision as well as the exoge-
nous and observable cost. In our paper, we focus on
the information acquired after the project starts. The
sunk cost effect arises under time-inconsistent prefer-
ence where there is a conflict of interest between the
two selves. In particular, when present bias is severe,
self-0 takes a costly action to signal the value of the
project tomotivate present-biased self-1 to continue the
project.
Our endogenous sunk cost theory may potentially

shape marketing theory and practice in important
ways. For many investment products involving imme-
diate costs and delayed benefits, the provision of a
high-end product with a money-burning sunk cost on
the consumer side may facilitate a well-motivated con-
sumer to alleviate his underinvestment problem due
to the lack of willpower. As mentioned in the intro-
duction, the availability of the hardback edition of a
book can motivate the reader to persistently read the
book.26 Doing exercise is another investment good.
While price discrimination theory partly accounts for
the prevalence of Gold’s Gym VIP Membership, our
self-management model provides a new angle. Pur-
chasing the VIP Membership may have an instrumen-
tal value of self-signaling, encouraging the consumers
to resolve their procrastination problem in taking exer-
cise. Therefore, an important implication of our paper
is that for investment goods with immediate costs and
delayed benefits, sellers can take advantage of the sunk
cost effect in designing their marketing strategies by
providing high-end products with money-burning–
like features, as consumers have a demand on these
goods when they have underinvestment problems.27

While the sunk cost effect could serve as an incen-
tive device in the investment problem for a present-
biased consumer, however, a caveat is that this effect
may not be as functional in some other cases such as
consumption problems involving immediate benefits
and delayed costs. In these circumstances, purchasing
a high-end product associated with the sunk cost effect
may reinforce the adverse effect of overconsumption
due to present bias. For example, Just and Wansink
(2011) find that the flat-rate pricing such as “all-you-
can-eat” buffet pricing can take advantage of the sunk
cost effect and thus exacerbate the overconsumption
tendency associated with obesity.28

Our paper belongs to a more general agenda in eco-
nomics, marketing, and psychology that has attempted
to rationalize the observed cognitive biases. Sta-
ble natural and social environments generate certain
cognitive patterns, and their induced behaviors. The

cognitive and behavioral patterns persist when they
have an adaptive role. In the absence of free commit-
ment devices as in our setup, Carrillo and Mariotti
(2000) and Bénabou and Tirole (2002, 2004) have inves-
tigated the instrumental value of ignorance, over-
confidence, and personal rules with “escalation of
commitment” for individuals with time-inconsistent
preferences. By adopting a similar setup, Dessi and
Zhao (2018) study the well-documented differences in
demanding self-confidence, and their motivational val-
ues across individuals or across cultures. Chew et al.
(2018) theoretically and experimentally examine a vari-
ety of memory biases to supply overconfidence as a
motivational device. All of these models and our paper
take the time-inconsistent preferences and the asso-
ciated underinvestment problem as given, and inves-
tigate the functional role of certain cognitive biases,
which emerge and are sustained in equilibrium. Differ-
ent from assuming time-inconsistent preference, alter-
native approaches include more recent works with
exogenous preference over beliefs to rationalize behav-
ioral biases such as collective delusions (Bénabou 2013)
and abnormal risk attitudes (Gottlieb 2014). In themar-
keting literature, Kuksov and Villas-Boas (2010) and
Guo and Zhang (2012) focus on the deliberation costs
of consumers facing too many alternatives, and endo-
genize the consumers’ attention. More recently, Guo
(2016) models contextual deliberation of consumers to
account for behavioral phenomena such as the compro-
mise effect and the choice overload effect.

Fudenberg (2006, p. 699) argues that “behavioral
economists (and economic theorists!) should devote
more effort to synthesizing existing models and devel-
oping more general ones, and less effort to modeling
yet another particular behavioral observation.” After a
decade, Bénabou and Tirole (2016) further provide a
comprehensive review on motivated beliefs and rea-
soning, trying to propose such a perspective to lead
behavioral economics back from heuristics and biases”
to “some form of adaptiveness” or at least “implicit
purposefulness.” They emphasize that “beliefs often
fulfill important psychological and functional needs
of the individual” (p. 141). Along this line, in our
paper, the self-management model revisits the classic
sunk cost effect and relates it to present-biased prefer-
ence based on the classic approach of information eco-
nomics. Instead of calling for debiasing “techniques” to
correct sunk-cost “bias” (e.g., Ho et al. 2018), our the-
ory provides a rationale for the sunk cost effect. In the
future, more works across disciplines can be done on
investigating how different psychological traits could
emerge endogenously from various intrapersonal or
interpersonal interactions.
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Appendix A. Proof of Proposition 1
(a) In any separating equilibrium, because of (1), self-0

of type-L is a bad type and wants to be believed to be of
type-H. Hence, he chooses aL � 0. Otherwise, by deviating to
zero, self-0 of type-L could be better off by reducing c and
potentially enjoying a better θ̂. This is because if βθ̂(0) ≤ θL ,
then ∫ βθ̂(0)V

βθLV
(θLV − k) dF(k) ≥ 0,

and if βθ̂(0) > θL , then given θ̂(0) ≤ θH ,∫ βθ̂(0)V

βθLV
(θLV − k) dF(k) ≥

∫ βθH V

βθLV
(θLV − k) dF(k) > 0,

where the right-hand side comes from (1).
Define

¯
aH such that

β

∫ βθLV

0
(θLV − k) f (k) dk

�−c(θL , ¯
aH)+ β

∫ βθH V

0
(θLV − k) f (k) dk

which is equivalent to

c(θL , ¯
aH)� β

∫ βθH V

βθLV
(θLV − k) f (k) dk. (A.1)

Condition (1) implies that the right-hand side of the above
line is positive, which ensures the existence of

¯
aH .

Define āH such that

β

∫ βθLV

0
(θHV − k) f (k) dk

�−c(θH , āH)+ β
∫ βθH V

0
(θHV − k) f (k) dk

which is equivalent to

c(θH , āH)� β
∫ βθH V

βθLV
(θHV − k) f (k) dk. (A.2)

From Equations (A.1) and (A.2), we have

c(θH , āH) − c(θL , ¯
aH)� β(θH − θL)V

∫ βθH V

βθLV
f (k) dk > 0.

By the monotonicity and curvature conditions for c, we thus
have āH > ¯

aH .
Hence, for any aH ∈ [¯aH , āH], there is a separating equilib-

rium inwhich self-0 of type-H chooses aH and self-0 of type-L
chooses zero. To see this, let the belief system be p̂(a) � 1 if
a ≥ aH , and p̂(a)� 0 if a < aH . With this belief system, no type
has incentive to deviate under the equilibrium.

(b) Because (1) is violated, self-0 of type-L does not strictly
want to be believed to be of type-H.

(i) Suppose aL �0 and aH > 0. There is no need to impose
a lower bound of aH as in case (a), since self-0 of type-L will
never mimic type-H. But still, we need an upper bound of aH ,
because otherwise self-0 of type-H has incentive to deviate to
zero.

Hence, for any aH ∈ (0, āH], there is a separating equilib-
rium inwhich self-0 of type-H chooses aH and self-0 of type-L
chooses zero. The equilibrium can be supported by a belief
system leading to

θ̂(a)�
{
θH if a ≥ aH ,

θL if a < aH .

(ii) Suppose aL > 0 and aH � 0. There is no need to
impose a lower bound of aL , since self-0 of type-H will never
mimic type-L. But we need an upper bound of aL , because
otherwise self-0 of type-L has incentive to deviate to zero.

Define āL such that

β

∫ βθH V

0
(θLV − k) f (k) dk

�−c(θL , āL)+ β
∫ βθLV

0
(θLV − k) f (k) dk , (A.3)

which is equivalent to

c(θL , āL)� β
∫ βθLV

βθH V
(θLV − k) f (k) dk ≥ 0,

as (1) is violated.
Hence, for any aL ∈ (0, āL], there is a separating equilibrium

in which self-0 of type-L chooses aL and self-0 of type-H
chooses zero. The equilibrium can be supported by a belief
system leading to

θ̂(a)�
{
θL if a ≥ aL ,

θH if a < aL .

(iii) Let the belief system be such that

θ̂(a)�


θH if a � aH ,

θL if a � aL ,

θ̂′ otherwise,

where θ̂′ satisfies∫ βθ̂′V

βθLV
(θLV − k) f (k) dk < 0. (A.4)

Define

c(θL , āL(θ̂′)) ≡ β
∫ βθ̂′V

βθLV
(k − θLV) f (k) dk (A.5)

and

c(θH , āH(θ̂′)) ≡ β
∫ βθH V

βθ̂′V
(θHV − k) f (k) dk. (A.6)

Condition (A.4) ensures the existence of āL(θ̂′).
First, consider the case where 0 < aL < aH . Type-L self

has no incentive to deviate to a � aH because aH > aL and
θ̂(aH)� θH , which is worse than θ̂(aL)� θL from type-L self’s
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viewpoint. Moreover, type-L self has no incentive to deviate
to any off-equilibrium a′, aH , because the equilibrium payoff
is weakly higher than the payoff from the deviation:

− c(θL , aL)+ β
∫ βθLV

0
(θLV − k) f (k) dk

≥ −c(θL , āL(θ̂′))+ β
∫ βθLV

0
(θLV − k) f (k) dk

� β

∫ βθ̂′V

βθLV
(θLV − k) f (k) dk + β

∫ βθLV

0
(θLV − k) f (k) dk

� β

∫ βθ̂′V

0
(θLV − k) f (k) dk

≥ −c(θL , a
′)+ β

∫ βθ̂′V

0
(θLV − k) f (k) dk.

Type-H self has no incentive to deviate to any off-equilibrium
a′ , aL because the equilibrium payoff is weakly higher than
the payoff from the deviation:

− c(θH , aH)+ β
∫ βθH V

0
(θHV − k) f (k) dk

≥ −c(θH , āH(θ̂′))+ β
∫ βθH V

0
(θHV − k) f (k) dk

�−β
∫ βθH V

βθ̂′V
(θHV − k) f (k) dk + β

∫ βθH V

0
(θHV − k) f (k) dk

� β

∫ βθ̂′V

0
(θHV − k) f (k) dk

≥ −c(θH , a
′)+ β

∫ βθ̂′V

0
(θHV − k) f (k) dk.

Meanwhile, type-H self does not want to deviate to a � aL
because this deviation is dominated by the deviation to a � 0,
as the deviation to a � aL incurs a larger cost (aL > 0) and a
weakly worse belief (θL ≤ θ̂′) compared to the deviation to
a � 0.

Second, consider the case where aL > aH . The above proof
goes through except that we need an additional condition to
ensure that type-L self has no incentive to deviate to a � aH ;
that is,

− c(θL , aL)+ β
∫ βθLV

0
(θLV − k) f (k) dk

≥ −c(θL , aH)+ β
∫ βθH V

0
(θLV − k) f (k) dk ,

which is guaranteed by

c(θL , aL) − c(θL , aH) ≤ β
∫ βθH V

βθLV
(k − θLV) f (k) dk. (A.7)

Appendix B. Proof of Proposition 2
(a) Since (2) is satisfied, other things being equal, Self-0 of

type-L wants to be pooled with type-H self. Define āp such
that

β

∫ βθLV

0
(θLV − k) f (k) dk

�−c(θL , ā
p)+ β

∫ βθ̄V

0
(θLV − k) f (k) dk. (B.1)

Let the belief system lead to

θ̂(a)�
{
θ̄ if a ≥ ap ,

θL otherwise.

Because of (2), āp > 0. Any a > āp cannot support a pooling
equilibrium, because self-0 of type-L would have incentive
to deviate to a � 0 given the belief system. For any 0 ≤ ap

≤ āp , there is a pooling equilibrium in which both types of
individuals choose ap . Given the belief system, both types of
individuals have no incentive to deviate, because

β

∫ βθ̄V

βθLV
(θHV − k) f (k) dk

> β

∫ βθ̄V

βθLV
(θLV − k) f (k) dk ≥ c(θL , a

p) > c(θH , a
p),

where the middle inequality shows that type-L has no incen-
tive to deviate while the first term being larger than the last
term shows that type-H has no incentive to deviate.

(b) Since (2) is violated, no individual wants to be pooled
with the other type compared to the case where he is consid-
ered to have his true type.

Let the belief system lead to

θ̂(a)�
{
θ̄ if a � ap ,

θ̂′′ otherwise,

where the off-equilibrium belief θ̂′′ satisfies∫ βθ̂′′V

βθ̄V
(θLV − k) f (k) dk < 0. (B.2)

We can rely on the off-equilibrium belief to support some
pooling equilibria with ap ≥ 0.

Given āp(θ̂′′)� min{A,B} with

c(θL ,A) ≡ β
∫ βθ̂′′V

βθ̄V
(k − θLV) f (k) dk (B.3)

and

c(θH ,B) ≡ β
∫ βθ̄V

βθ̂′′V
(θHV − k) f (k) dk , (B.4)

self-0 of type-H has no incentive to deviate to any a′ , ap

because the equilibriumpayoff is weakly higher than the pay-
off from a deviation:

− c(θH , a
p)+ β

∫ βθ̄V

0
(θHV − k) f (k) dk

≥ −c(θH , ā
p(θ̂′′))+ β

∫ βθ̄V

0
(θHV − k) f (k) dk

≥ −β
∫ βθ̄V

βθ̂′′V
(θHV − k) f (k) dk + β

∫ βθ̄V

0
(θHV − k) f (k) dk

� β

∫ βθ̂′′V

0
(θHV − k) f (k) dk

≥ −c(θH , a
′)+ β

∫ βθ̂′′V

0
(θHV − k) f (k) dk.

Similarly, type-L self has no incentive to deviate to any
a′ , ap .
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Appendix C. Proof of Proposition 3
(a) If (3) does not hold, then there exists aH − ε, where ε is

small enough, such that

c(θL , aH − ε) > β
∫ min{θL , βθH }V

βθLV
(θLV − k) dF(k).

This inequality means that any deviation to a′ � aH − εmakes
type-L worse off even if the off-equilibrium belief is most
favorable (i.e., βθ̂(aH − ε) � min{θL , βθH}). However, this
deviation makes type-H better off if type-H is considered
to have his true type since a′ � aH − ε < aH . Therefore, any
separating equilibrium for which (3) does not hold does not
survive IC.

For any separating equilibrium for which (3) holds, how-
ever, there exists no deviation that can rule out the equilib-
rium by IC, so these equilibria survive IC.

(b) For the equilibria in Proposition 1(b), (1) is violated,
which implies that β > θL/θH , and therefore min{θL , βθH}
� θL .

For the separating equilibria with aL � 0 < aH , if (3) does
not hold, we can find a′ which is slightly lower than aH such
that the deviation to a′makes type-L worse off even if the off-
equilibrium belief is most favorable to him (i.e., βθ̂(a′)� θL)
(due to the violation of (3)) but makes type-H better off if
type-H is considered to have his true type (due to a′ < aH).
Thus, the separating equilibria do not survive IC. If (3) holds,
there exists no deviation that can rule the separating equilib-
ria out by IC, so these equilibria survive IC.

Now consider the separating equilibria with aH � 0 < aL ,
any deviation to 0 < a′ < aL makes type-H worse off
even if the off-equilibrium belief is most favorable to him
(i.e., θ̂(a′)� θH) but makes type-L better off if type-L is con-
sidered to have his true type, since 0 < a′ < aL . Therefore,
these equilibria do not survive IC.

Lastly, we consider the equilibria in Proposition 1(b)(iii).
First, the separating equilibria with 0 < aH < aL do not sur-

vive IC. For any deviation a′ ∈ (aH , aL), the deviation makes
type-H worse off even if the off-equilibrium belief is most
favorable to him (i.e., θ̂(a′)� θH) since a′ > aH , while the devi-
ation makes type-L better off if he is considered to have his
true type since a′ < aL .

We then consider separating equilibria with 0 < aL < aH . If
(4) does not hold, there exists a deviation aH > a′ > aL such
that

c(θL , a
′) − c(θL , aL) > β

∫ θLV

βθLV
(θLV − k) f (k) dk ,

meaning that the deviation makes type-L worse off even
if the off-equilibrium belief is most favorable to him (i.e.,
βθ̂(a′)� θL), while the deviation makes type-H better off if
he is considered to have his true type since aH > a′; therefore,
the separating equilibria do not survive IC. If (4) holds, there
exists no deviation that can rule these separating equilibria
out by IC, so these equilibria survive IC.

Appendix D. Proof of Proposition 4
When (5) is satisfied, there exists a′ such that

c(θL , a
′) − c(θL , a

P) > β
∫ min{θLV, βθH V}

βθ̄V
(θLV − k) dF(k), (D.1)

and

c(θH , a
′) − c(θH , a

P) < β
∫ βθH V

βθ̄V
(θHV − k) dF(k). (D.2)

Note that choosing a′ such that the left side of (D.1) is slightly
higher than the right side of (D.1) will ensure (D.2) given
that (5) is satisfied and that for any a′ > aP ,

c(θL , a
′) − c(θL , a

P) > c(θH , a
′) − c(θH , a

P).

Therefore, the deviation to a′ makes type-L worse off even
if the off-equilibrium belief is most favorable (i.e., βθ̂(a′) �
min{θL , βθH}), and makes type-H better off if he is consid-
ered to have his true type.

Endnotes
1 In the original story of “the Concorde effect,” an aircraft called
“Concorde” jointly developed by British and French governments
was apparently a failure evaluated in the early stage. However, the
governments and investors continued to fund it, even if their joint
investment became a fetter making the investors find it more and
more difficult to pull out.
2For example, Japan’s “Yakuza” organization the Yamaguchi-gumi,
which is the largest criminal organization in theworld (seeMatthews
2014), hasmembers with almost full-body tattoos.
3 In the end of the movie American History X, the main character,
Derek, looks at the tattoo on his left chest in the mirror after he has
decided to quit his gang. Touching the tattoo, Derek recalls his old
days in the gang and looks hesitant, while at the same time being
uncertain about the new path of life that he would choose.
4 In the Eternal Sunshine of the Spotless Mind, an Oscar-winningmovie,
after revisiting the photos, gifts, and paintings prepared for his for-
mer lover, a man named Joel Barish recalled the happy time of love
spent with her, and decided to stop a memory erasure operation, a
fictitious operation in the movie, struggling to preserve the memory
for her. In the end, the man restarted the relationship with his former
lover.
5This may explain why it is an effective marketing strategy for book
sellers to sell hardback books. Relatedly, Ruffle and Wilson (2017)
find that people with more severe self-control problems are more
likely to have tattoos, which is consistent to our explanation. We will
discuss broader implications of our paper in the conclusion section.
Note that the motivation device here is related to but different from
the commitment device discussed in Rogers et al. (2014). Both require
self-awareness of the discrepancy between present goals and future
behaviors. However, with the commitment device, the individual
takes actions to restrict future choices, while the individual takes
actions to influence future beliefs with our sunk cost effect.
6Nozick (1993, p. 23) writes, “We can knowingly employ our ten-
dency to take sunk costs seriously as ameans of increasing our future
rewards. If this tendency is irrational, it can be rationally utilized to
check and overcome another irrationality.”
7For psychological studies on the sunk cost effect, see, for example,
Arkes and Blumer (1985).
8Our result is consistent with the observation that only intention-
ally made sunk costs, but not accidentally made sunk costs, will
be considered whenmaking continuation/completion decisions (see
Doody 2013).
9See the seminal works by Strotz (1955) and Laibson (1997).
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10 In this respect, our model is different from that of Baliga and Ely
(2011), in which the starting decision is endogenous and the individ-
ual infers the project’s value from this decision.
11For an example of productive signals, see Mas-Colell et al. (1995,
p. 475, exercise 13.C.2). In an extendedmodel of Spence (1973) where
education is productive, the agent thus has two incentives to invest
in education: signaling and enhancing productivity. There still exist
separating and pooling equilibria under certain conditions. The same
intuition applies to our model.
12 In the book purchasing example, a is the decision on which edi-
tion of the book the consumer buys, where the psychological cost
of buying a higher-end hardback edition is lower for a more enthu-
siastic reader. In the gangster example, a is the tattoo on the skin,
c is the magnitude of pain incurred from making the tattoo, and the
marginal cost of tattooing for a tougher gangster is lower. In the dat-
ing example, a is the materialized love letter drafts and decorated
prewedding and wedding photos, while c is the psychological cost
spent on the letters and photos, with a lowermarginal cost for amore
affectionate relation.
13Mailath (1992) and Mailath et al. (1993) justify the focus on pure
strategies for signaling games.
14A sufficient condition for condition (1) is that β ≤ θL/θH , which is
equivalent to the belief monotonicity assumption in standard signal-
ing games (Mailath 1987). If β ≤ θL/θH , we have βθ̂V ≤ θLV < θHV
for any θ̂; it is thus impossible for some type of the individual to
have overinvestment from self-0’s point of view. Self-1 of both types
(weakly) underinvests and the payoff of self-0 of any type is increas-
ing in θ̂. Thus, self-0 of type-L wants to pretend to be of type-H.
15A sufficient condition for condition (1) to be violated is that β is
sufficiently close to one.
16Leaving a note could incur a small cost. The individual can leave
a note either under type-H, type-L, or under both types but with
slightly different contents/costs. These correspond to the equilibria
in Proposition 1(b)(i), (ii) and (iii), respectively.
17When βθ̄ ≤ θL , condition (2) is satisfied. Now consider βθ̄ > θL .
Condition (1) can be decomposed to∫ βθ̄V

βθL V
(θLV − k) f (k) dk +

∫ βθH V

βθ̄V
(θLV − k) f (k) dk > 0,

where the second term is negative given βθ̄ > θL , implying that the
first term is positive, so condition (2) is satisfied.
18A sufficient condition for condition (2) is that β ≤ θL/θ̄.
19When β ≤ θL/θH , min{θLV, βθHV} � βθHV , (5) becomes∫ βθH V

βθ̄V
(θLV − k) dF(k) <

∫ βθH V

βθ̄V
(θHV − k) dF(k),

which is obviously satisfied given θH > θL . When θL/θH < β ≤ θL/θ̄,
we have∫ min{θL V, βθH V}

βθ̄V
(θLV − k) dF(k)�

∫ θL V

βθ̄V
(θLV − k) dF(k)

<

∫ θL V

βθ̄V
(θHV − k) dF(k) <

∫ βθH V

βθ̄V
(θHV − k) dF(k),

where the second inequality comes from θL/θH < β. Therefore, (5) is
satisfied.
20The potential relation between present bias and action values (if
any) could not be explained by any existing theory of the sunk cost
effect reviewed in the Introduction.
21Action value a is said to exhibit the pattern of “increasing action
values” if at least 18 of the 20 action values are weakly increasing
in θ but are not constant. In other words, we allow for 10% “errors”
in our classification. The same applies to defining monotonicity, e.g.,
“a ↓ in θ” and “CV ↑ in θ” in Tables 3 and 4 of Online Appendix H.

One may wonder whether, with the “errors allowed,” certain series
of a or CV can be classified to be both increasing and decreasing, but
we do not observe such extreme cases in our data.
22Online Appendices H and I report detailed behavioral patterns for
all of the subjects.
23We cannot include individual fixed effects in column (1) as other-
wise treatmentwill be dropped in the regression.
24The observations of increasing a in θ in the control group may
come from these subjects’ insufficient comprehension of the task,
leading to their deviation from a fully rational behavior, although we
clearly provided the subjects in the control group with the informa-
tion of θ in the second stage.
25Among the 15 valid subjects in the control group of the second-
wave experiment, 13 subjects finished the multiple-price-list task.
26With this hardback book example, our theory complements some
existing insights in the marketing literature. While part of the litera-
ture simply argues that certain useless features such as the hardback
attribute of a book can directly work as a hedonic component in con-
sumers’ utility (see, e.g., Sela and Berger 2012), Folkes (1998) suggests
that consumers may infer a causal relation from this attribute: they
tend to believe that the hardback edition of a book is more likely to
be nourishing. Here, our information-based model provides a cog-
nitive process of such causal inference on the different editions of
a book in an intrapersonal self-management game, as an attempt to
open the black box of the causal relationship.
27Relatedly, in the marketing literature, Jain (2012) studies how to
design compensation schemes with multiperiod quotas to mitigate
employees’ underinvestment problem as a result of their present
bias.
28Relatedly, in a more recent paper, Ho et al. (2018) find that the
large sunk cost in buying cars influences car users to drive more
in Singapore and Hong Kong, exacerbating the traffic congestion
problem.
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