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Abstract

We study how structural disadvantage (e.g., race, class, gender) shapes the for-
mation of subjective beliefs about the returns to effort. We formalize and distin-
guish between psychological constructs such as locus of control, self-efficacy, and grit,
and study their response to structural disadvantage and policy interventions. In our
model, individuals share the same (unknown) innate ability, and beliefs about suc-
cess can only be updated through effort. However, agents fail to internalize the dy-
namic feedback between effort and belief formation. Structural disadvantage raises
the threshold of belief required to justify effort, increasing the likelihood of falling into
a pessimistic low-effort trap. We characterize the conditions under which psycholog-
ical interventions that bound beliefs from below and enhance grit improve welfare,
and when such interventions must be complemented by policies that relax external
constraints to be effective.
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1 Introduction

Noncognitive or soft skills—such as locus of control, self-efficacy, and grit—play a central
role in economic behavior.1 Following Heckman et al. (2006) and Heckman and Kautz
(2012), economists have shown that these traits predict educational attainment, employ-
ment stability, health investment, and entrepreneurial behavior (Alan et al. 2019). Al-
though often treated as stable, these psychological constructs vary substantially between
individuals and environments. The work of Heckman et al. (2006) and Duckworth et
al. (2007) documents large heterogeneity in noncognitive skills, and growing evidence
links an external locus of control, weaker self-efficacy, and reduced grit to socioeconomic
disadvantage and repeated exposure to adversity. Yet little is known about whether and
how structural disadvantage shapes such noncognitive skills or about the distinct ways in
which these different noncognitive skills influence perceived returns to effort. Answering
these questions is key to designing effective policies that reduce persistent inequality and
foster resilience in the face of adversity.

This paper proposes a model of adaptive belief formation to explain how structural dis-
advantage shapes perceived returns to effort, ultimately leading to persistent gaps in
noncognitive skills and economic outcomes. We define structural disadvantage as arising
from factors beyond an individual’s control—such as race, gender, caste, class, or inher-
ited wealth—that systematically affect economic opportunities. In our model, individuals
share the same (unknown) objective probability of success q ∈ [0, 1] when exerting effort,
but differ in their circumstances. Effort choices are guided by current subjective beliefs
about the probability of success pt, which can only be updated by exerting effort.2 How-
ever, individuals exhibit a form of myopia: they fail to internalize how today’s effort
improves future beliefs, and thus future incentives. Since effort is costly, it is only cho-
sen when the perceived probability of success exceeds a belief threshold. A higher level
of disadvantage raises this threshold, reducing the likelihood of exerting effort in face of
failure and increasing the risk of falling into a pessimistic low-effort trap. Over time,
this discourages persistence and reinforces inaction. A lack of grit and an external locus
of control emerge endogenously, as individuals abandon effort before beliefs have the
chance to improve.

The model generates two long-term outcomes. One is an optimistic, high-effort path in
which individuals persist and their subjective beliefs eventually converge, in expectation,
to the true probability of success. The other is a pessimistic, low-effort trap in which
beliefs fall below the threshold and remain there. These long-term outcomes are welfare-
ranked. When q = 1 —that is, when agents always succeed in exerting effort— then

1Locus of control captures whether individuals attribute outcomes to their own actions rather than ex-
ternal forces (Rotter 1966; Cobb-Clark 2015), and self-efficacy reflects beliefs about one’s ability to carry out
goal-directed actions (Bandura 1977). Grit is defined as the ability to maintain effort in the face of setbacks
to achieve long-term goals (Duckworth et al. 2007).

2Subjective beliefs about the probability of success pt conditional on exerting effort is interpreted as
an individual’s locus of control. These beliefs are distinct from prior beliefs over q, a point we return to
below which we interpret as self-efficacy beliefs. For a conceptual distinction between locus of control and
self-efficacy, see Ajzen 2002.
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there is convergence to the optimistic high-effort or the pessimistic low-effort outcome,
depending on their initial beliefs. In this case, the optimistic high-effort outcome welfare-
dominates the pessimistic low-effort one. If initial beliefs are drawn from the same un-
derlying probability distribution for all agents, those facing higher levels of disadvantage
are more likely to converge to the pessimistic, low-effort outcome.3

Such multiple welfare-ranked outcomes also arise in models of behavioral poverty traps,
such as those based on aspirations (Dalton et al. 2016). However, when success is stochas-
tic, that is, when 0 < q < 1, our model departs sharply from these frameworks. In this
case, there is only one long-term outcome: a pessimistic, low-effort absorbing state. The op-
timistic, high-effort path is fragile and sustained only if individuals repeatedly succeed
or receive persistent support. Unlike in standard Bayesian learning models, agents here
do not have a prior belief in the true value of the probability of success q. Instead, they
form and update subjective beliefs about success conditional on effort pt based solely
on past outcomes. Because effort is costly and belief updating requires effort, structural
disadvantage makes it harder to justify continued investment in the face of failure.

This mechanism generates a key implication: even when individuals share the same fun-
damentals—preferences, objective probability of success, initial beliefs, and behavioral
bias—those facing greater structural disadvantage are more likely to fall into a pessimistic
low-effort trap. The model does not rely on differences in preferences or inherent moti-
vation. Instead, it shows how external circumstances distort incentives, raising the belief
threshold needed to justify exerting effort. This makes it harder for disadvantaged indi-
viduals to persist long enough for their beliefs to improve. As a result, otherwise identical
individuals can diverge sharply in outcomes purely due to differences in structural con-
straints. This pessimistic low-effort trap is a suboptimal outcome, in which individuals
stop trying despite the fact that effort would eventually lead to better beliefs and out-
comes. Psychologically, it resembles the phenomenon of learned helplessness (Seligman
1972), where individuals, after repeated failures or negative feedback, become convinced
that they have no control over the results and thus cease exerting effort, even when suc-
cess is possible. In our setting, structural disadvantage induces a similar dynamic: it
undermines motivation not by reducing ability but by distorting perceptions of success
conditional on effort, thereby making learned helplessness and external locus of control
an endogenous consequence of structural barriers.

Extensions. We extend this baseline model along four dimensions to test the robustness
of our results and to explore related mechanisms. In Appendix B we consider agents
who are farsighted and internalize how current effort affects future beliefs. We show
that farsightedness preserves a key feature of the short-term decision protocol, namely
that once the decision-maker switches to a low-effort, pessimistic outcome, they remain
there in all subsequent time periods. This feature of our short-term decision protocol is
key to establishing a pessimistic low-effort trap and is preserved even when a decision-
maker is farsighted. Moreover, even forward-looking individuals can choose zero effort

3In the extreme case where agents never succeed (i.e., q = 0), or more generally when q falls below a
critical threshold, the optimistic, high-effort outcome becomes welfare-dominated. Continued effort yields
no perceived gains and only repeated failure, making inaction a rational choice.
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in all periods if expected future returns remain too low relative to the cost of exerting
effort. However, in contrast to decision outcomes with a short-term decision protocol,
farsighted decision outcomes cannot be welfare-ranked.

In Appendix C, we incorporate aspirations as an additional psychological determinant of
effort. Aspirations lower the belief threshold required to justify effort and can encourage
persistence. However, if aspirations evolve slowly or are repeatedly unmet, they may
result in frustration or collapse altogether—leading to distinct long-term traps of either
frustration or fatalism. In Appendix D, we modify the model to allow disadvantage
to reduce the objective probability of success, rather than the return to success. The
core dynamics and predictions remain: disadvantaged individuals are still more likely to
fall into pessimistic traps due to an increased likelihood of failure and downward belief
revisions .

Finally, Appendix E extends the model to allow for Bayesian learning, where agents
hold a prior distribution over q, representing their own ability. This extension provides
a natural way to incorporate self-efficacy, the belief in one’s own capacity to succeed
through effort (Bandura 1977), into the framework. In this setting, changes in prior beliefs
about ability, denoted by P0, reflect evolving assessments of innate talent. This contrasts
with the baseline model, where agents form subjective beliefs pt about the probability of
success conditional on effort, which we interpret as capturing an individual’s locus of
control, that is, whether they believe success is contingent on their own actions.

These two belief types are conceptually and formally distinct. While pt is not a Bayesian
prior, it evolves non-parametrically based on past experiences (as shown in Proposi-
tion 1), and in the limit converges to the true q if effort is consistently exerted. In contrast,
priors over q are updated via Bayes’ rule and similarly converge to the true ability level
under sustained effort. The non-parametric nature of pt allows for a more flexible model-
ing of belief formation, particularly relevant when agents face uncertainty in complex or
unfamiliar environments.4

Across all four extensions, the key insight remains: grit, beliefs, and disadvantage inter-
act dynamically to shape effort decisions over time, and small differences in structural
constraints can compound into persistent disparities in outcomes.

Policy Implications. The analysis suggests three key policy implications. First, psycho-

4It is possible to combine beliefs about ability and environmental responsiveness in a unified frame-
work—for example, by letting q = a · r, where a ∈ [0, 1] represents beliefs about one’s own ability (self-
efficacy) and r ∈ [0, 1] captures beliefs about how strongly effort translates into outcomes (locus of control).
In this paper, we abstract from this interaction and assume that all agents share the same objective ability.
Our focus is not on heterogeneity in q itself, but on how beliefs about the returns to effort evolve under
disadvantage. More generally, modeling both dimensions jointly would require a parametric, Bayesian
framework with beliefs defined over multiple latent traits. Such an approach relies on the “small worlds”
assumption—that agents can specify correct priors and likelihoods over all relevant states (see Binmore
2008). This assumption may be inappropriate in contexts of structural disadvantage, where individuals
face complex environments and limited feedback, making structured probabilistic reasoning difficult. A
non-parametric, experience-based updating process may therefore provide a more realistic description of
belief formation in these settings. Whether disadvantaged individuals rely more on experiential or Bayesian
learning remains an important question for future research.
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logical or informational interventions that help individuals maintain or increase their beliefs
about success—conditional on exerting effort—can improve welfare, but only when the
true probability of success q exceeds the threshold level of belief required to justify ef-
fort. In such cases, maintaining optimistic beliefs is critical to ensure persistence. These
interventions can range from providing information on returns to effort to growth mind-
set training, coaching and mentoring, connection to successful peers (role models), and
cognitive behavioral therapy (CBT), all of which can support motivation in the face of
adversity. In Section 3, we discuss empirical evidence supporting the effectiveness of
interventions targeting these mechanisms.

Second, material interventions, such as cash transfers, educational subsidies, increased ac-
cess, or health programs that directly mitigate the negative effects of structural disad-
vantage, can lead to welfare gains. They work by lowering the belief threshold required
for action, either through increasing the objective probability of success (e.g., with affir-
mative action or reservation policies) or by reducing the cost of effort (e.g., with cash
transfers). However, these interventions may fail when the beliefs of the individuals are
already too low to motivate effort. This limitation has been documented in cash-based
anti-poverty and development programs. For example, Blattman et al. (2014) find that
cash grants increased earnings for some Ugandan youth but had limited effects for oth-
ers, potentially due to differences in psychological readiness. Wollburg et al. (2023) con-
duct a meta-analysis showing that cash transfers can alleviate depression and anxiety in
low- and middle-income countries, especially in the short term. However, they find lim-
ited and mixed evidence on the persistence of these effects after financial support ends,
underscoring the importance of complementary interventions that address underlying
psychological constraints.

Third, combining both approaches yields the strongest effect. Psychological and material
supports are complementary to shifting individuals to the high-effort optimistic path. Ev-
idence from multifaceted ’graduation’ programs supports this view. Banerjee et al. (2015)
show that the combination of asset transfers, training, and mentoring produces sustained
gains in income and well-being in six countries. Similarly, Bryan et al. (2010) provide
evidence that combining aspirations-based messaging with capital grants significantly
boosts investment and productivity.

Related Literature. This paper contributes to several strands of literature. First, it con-
tributes to the literature on behavioral economics by providing a unified, formal framework
that connects several core psychological constructs such as locus of control, grit, self-
efficacy, and aspirations to economic decision-making. Although these concepts have
been widely discussed in psychology (Duckworth et al. 2007), to the best of our knowl-
edge, our model is the first to explicitly incorporate them into a formal economic frame-
work. It also provides a tractable representation of how disadvantage interacts with
subjective beliefs, persistence, and disengagement over time. Moreover, the pessimistic
low-effort trap that emerges in our model offers a microfoundation for the psychological
concept of learned helplessness (Seligman 1972), where agents stop exerting effort despite
having the ability to succeed.

Within the broad literature of behavioral economics, this paper contributes to the theoret-
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ical foundations of behavioral poverty traps, which explain persistent disadvantage through
internal constraints such as aspirations, self-control, or cognitive capacity (see Kremer et
al. 2019 for a review). Our model shares with Dalton et al. 2016 the idea that disadvan-
tage (poverty in their case) affects behavior through distorted internal states: aspirations
in their model and beliefs about the return to effort in ours (with aspirations included as
an extension). However, the mechanisms differ in important ways. Aspirations models
are based on reference-dependent preferences, generating multiple steady states based on
individuals’ goals and constraints. In contrast, our model centers on a dynamic feedback
loop between effort and belief formation, where beliefs evolve only through sustained
effort. This results in a distinct kind of trap—one not driven by adaptive preferences but
by biased belief updating under structural constraints. Furthermore, our framework is
more general, since it extends beyond the economic domain of poverty to capture struc-
tural disadvantage in forms such as race, gender, and class. Our framework also relates
to models linking poverty and distorted beliefs, such as de Quidt and Haushofer (2016)
and Treurniet and Lensink (2022). Although these studies emphasize exogenous shocks
or poorly designed interventions that weaken agency, we show how structural disadvan-
tage alone can endogenously erode beliefs and effort. Compared to models of self-control
(Bernheim et al. 2015), hope (Lybbert and Wydick 2018) or cognitive bandwidth (Mani
et al. 2013), we focus on the endogenous evolution of beliefs and its interaction with
material constraints.

Second, our model contributes to the literature on distorted beliefs and learning-by-doing. A
growing body of work explores how beliefs can be systematically biased due to external
shocks (e.g. Malmendier and Nagel 2011), stigma (Ghosal et al. 2022), or limited experi-
ence with relevant outcomes (e.g. Kuchler and Zafar 2019; Malmendier and Nagel 2016).
We complement this literature by proposing a mechanism in which beliefs become dis-
torted not through misperception or shocks, but through a form of dynamic inattention
bias: the fact that individuals do not internalize how today’s effort improves future be-
liefs. We build on rational learning models where, under constant effort, beliefs converge
in expectation to the objective probability of success q, such as Veldkamp (2005) and Van
Nieuwerburgh and Veldkamp (2006). In this literature, we introduce behavioral friction.
The model also departs from traditional learning-by-doing frameworks by focusing on
subjective beliefs rather than productivity accumulation and by highlighting how effort
choices are shaped more by prior circumstances than by technological complementarities.

Our approach to modeling distorted beliefs is related to the literature on bandit problems,
in which agents face a trade-off between exploiting known options and exploring un-
certain ones to learn about payoffs. As in a one-armed bandit, agents in our model can
learn the return to effort only by exerting it, an action that is both costly and risky (see
Piketty 1995 for an application in a political economy context). However, unlike classical
formulations based on farsighted Bayesian decision-making (e.g., Bellman 1956) or mini-
max procedures (Robbins 1952), our agents follow a short-term decision protocol and do
not fully internalize the informational value of exerting effort.5 This boundedly rational

5Our decision protocol is similar to that introduced by Mahalanobis (1940), often credited with the first
formulation of the bandit problem. Moreover, unlike standard bandit models, our baseline framework does
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behavior generates multiple long-term, welfare-ranked outcomes: some agents fall into
low-effort pessimism, while others persist and succeed. This multiplicity contrasts with
standard bandit models, which typically converge to a unique outcome. Our approach
also differs from Bénabou and Tirole (2002, 2006), where distorted beliefs arise from se-
lective memory or quasi-hyperbolic preferences, but agents are otherwise farsighted.

Third, we contribute to the literature on discrimination and the persistence of inequality.
Structural inequality based on race, gender, caste, or class persists not only through dif-
ferential treatment in markets and institutions but also by shaping expectations, beliefs,
and behavior. Our framework introduces a novel behavioral channel through which dis-
advantage —such as that arising from discrimination— can sustain itself: by influencing
the evolution of subjective beliefs about the returns to effort. We complement a growing
body of work that emphasizes the psychological dimensions of inequality (e.g., Bohnet
2016; Bertrand and Mullainathan 2004; Hoff and Pandey 2004) In particular, our frame-
work departs from approaches such as Loury (2019), which treat preferences and beliefs
as fixed. In such settings, persistent inequality arises through self-selection, implying lim-
ited scope for belief-based interventions—such as grit training or exposure to role mod-
els—to alter long-term outcomes. In contrast, by allowing beliefs and effort to evolve
endogenously, our model identifies when and how such interventions can be effective.

The remainder of the paper is structured as follows. Section 2 introduces the baseline
model and summarizes its key extensions. Section 3 explores the policy implications of
the framework and Section 4 concludes. Appendices A contain the proofs of all proposi-
tions, while Appendices B, C, D, and E provide detailed discussions of the model exten-
sions.

2 Disadvantage, Beliefs and the Returns to Effort

In this section, we introduce a model that links structural disadvantage, measured by
exogenous circumstances of an agent, to beliefs and effort exertion.

2.1 Model Set-up

Time is indexed by t = 0, 1, . . . , T, where T > 0 is a large but finite number. We consider
an agent whose fixed external circumstance is denoted by ω ≥ 0. This circumstance en-
compasses a broad set of factors that are exogenous to the individual’s effort but shape
the returns to exerting it. These include protected characteristics such as inherited wealth,
gender, caste, or race, as well as contextual or structural factors such as access to social
networks, neighborhood quality, education systems, or credit markets. A lower value of
ω reflects a higher level of structural disadvantage. Although ω is fixed at the individ-
ual level, the disadvantage it represents can, in principle, be alleviated through policy
interventions.6

not assume a prior over the true value of q, although we explore this extension in Appendix E.
6This assumption is supported by evidence showing that structural factors such as caste, gender or

parental education are highly persistent and largely unaffected by short-term outcomes such as school
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The agent begins with a prior subjective belief p0 about the return to effort e ∈ {0, 1} in
undertaking a project or task, where the outcome is given by θ ∈ {0, 2eω}. The return to
effort is proportional to ω, and the proportionality factor is determined by the effort. The
interpretation is that effort generates a lower return for an agent who is relatively more
disadvantaged than another agent. This specification captures, in a parsimonious way,
the effect of structural disadvantage on the return to effort.7

Although θ and ω could lie in the same domain, for example education, where ω could
be interpreted as parental education and θ as child education outcomes, they need not
necessarily do so. For example, ω may denote fixed social circumstances such as caste
or gender, while θ may capture results such as academic performance in school. A key
assumption we make is that there is no feedback from θ to ω; the agent’s circumstances
are fixed and unaffected by individual effort choices. Continuing with the example above,
we assume that there is no feedback from child education outcomes to parental education.

In each time period t > 0, the agent has a subjective distribution over the returns θt from
exerting effort et = 1 , given by:

θt =

{
2ω with probability pt−1

0 with probability 1 − pt−1

where pt−1 is the prior probability inherited from the preceding period. If et = 0, then, of
course, the outcome is 0 with probability one.

Subjective beliefs about success conditional on exerting effort do not directly depend on
the circumstances of an agent, e.g. two agents facing different structural conditions may
begin life with identical beliefs. Such subjective beliefs are updated over time according
to the following rule:

pt(et) =


pt−1+1

2 if et = 1 and θt = 2ω
pt−1

2 if et = 1 and θt = 0
pt−1 if et = 0

That is, subjective beliefs prior to the event are updated into posterior beliefs based on the
outcome achieved in that period. These updated beliefs serve as the prior when the agent
chooses to exert effort in the subsequent period. Notice that belief updating occurs only
when the agent exerts effort. Depending on the outcome, beliefs can increase or decrease.
If the agent does not exert effort, the beliefs remain unchanged.

performance (see Hertz et al. 2008; Narayan et al. 2018). These characteristics function as fixed attributes
at the individual level, even if they evolve slowly at the social level, which allows us to isolate the effects of
belief formation and effort while still acknowledging that structural disadvantage can be addressed through
policy.

7The particular functional form adopted here simplifies both the exposition and the assumptions un-
derlying our results; In general, any function of effort and circumstance that is increasing and mutually
complementary in both variables suffices.
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We differentiate between subjective beliefs pt and the objective probability of success q ∈
[0, 1], which can be interpreted as an individual’s true talent or potential.8 When et = 1,
the objective distribution of the outcome in each t for 0 ≤ q ≤ 1 is as follows:

θt =

{
2ω with probability q
0 with probability 1 − q

We assume that q is unknown to the agent, consistent with empirical evidence showing
widespread misperceptions of returns to effort.9 Moreover, agents do not hold a prior
over q, nor do they assume that the true value of q lies within the support of any such
prior. Instead, we treat p0 as a primitive—a subjective belief about success conditional on
effort. As agents observe the results of their own effort, they update pt through a heuristic
process that does not follow the Bayes’ rule. Beliefs evolve on the basis of the empirical
frequency of success, much like in nonparametric learning. In this sense, the evolution
of pt resembles a kernel-based estimate of conditional probabilities, where the “sample”
consists of the observed sequence of successes and failures conditional on exerting effort
(see, e.g., Parzen 1962). 10

This allows us to interpret pt as the agent’s locus of control—whether they perceive suc-
cess as dependent on their own actions (internal LoC) or as beyond their control (external
LoC). Agents with a more internal LoC will tend to have higher pt values. However, since
p is not derived from a belief in q (i.e., the agent’s own ability or potential), it does not
directly represent self-efficacy (Bandura 1977) —the belief in one’s own ability to suc-
ceed. In Section 2.5 and Appendix E, we relax this assumption and consider an extension
in which pt is derived from a prior distribution over q. In that Bayesian formulation, pt
naturally reflects self-efficacy and allows us to connect more directly to that psychological
construct.

We further assume that q is identical between individuals and independent of their cir-
cumstances ω, capturing the idea that all agents have equal potential conditional on ef-
fort. 11 Since q does not depend directly on ω, any systematic link between the circum-
stance of an agent and the evolution of their subjective beliefs and effort choices cannot be
a direct consequence of the level of disadvantage that is exogenous to the agent. Instead,

8For ease of interpretation, let 0 ≤ ϵ ≤ 1 be the probability that an agent makes an error conditional on
exerting effort. In our model, q = 1 − ϵ, so the inherent talent or potential is the probability that the agent
will perform the task at hand without making systematic errors. We assume that ϵ does not depend on ω.

9For example, Jensen (2010) finds that schoolboys in the Dominican Republic underestimate the returns
to secondary education. Talsma et al. (2019) show that students’ self-confidence often diverges from actual
performance and predicts future outcomes. Nikolov and Jimi (2018) document large belief gaps in Tanzania,
especially among disadvantaged groups, and Bobba and Frisancho (2022) find that feedback correcting
misbeliefs in Mexico improves educational choices.

10What is important here is that when the agent exerts effort, conditional on success, we have pt > pt−1,
while conditional on failure pt < pt+1 for each t ≥ 0. Moreover, as we will show in Proposition 1 below, as
t → ∞, limt→∞E(pt) = q; that is, in the limit pt is a consistent estimator of q. Our results are robust to any
process of updating subjective beliefs pt that satisfies these two properties.

11In Section 2.5 and Appendix D we examine the case where q is allowed to depend on ω and in Section 3
we explore policies that directly affect q.
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any such link, if it exists, must arise endogenously as beliefs and effort choices adapt over
time to their circumstance.

The following proposition shows how subjective beliefs pt and objective probability q are
linked: in the limit, as the number of time periods becomes infinite, the expected value of
pt converges to q provided that effort is exerted in each period.

Proposition 1. For every value of p0, limt→∞E(pt) = q if et = 1 for all t ≥ 1. In the special
case, where q = 1 or q = 0, limt→∞ pt = q.

The underlying intuition of Proposition 1 is as follows. First, consider the special case
where q = 1. In any period t, whenever the agent exerts effort, the updated belief satisfies
pt > pt−1. The proposition shows that, in the limit, pt monotonically converges to 1.
In contrast, when q = 0, each effort instance leads to pt < pt−1, and pt monotonically
converges to 0 over time.12

In the general case where 0 < q < 1, if the agent continues to exert effort in every pe-
riod, the sequence of beliefs pt converges in expectation to the true probability of success
q. That is, over time, the influence of the initial belief p0 vanishes, and the belief update
process produces an asymptotically unbiased estimate of q. However, if the agent stops
exerting effort after a finite number of periods, belief updating ceases. In that case, sub-
jective belief pt remains fixed and can retain bias, as it continues to reflect initial belief p0
rather than the true probability of success q. Thus, sustained effort is necessary not only
for success but also for accurate belief formation.

2.2 Short-term Decisions

We begin by specifying the instantaneous utility of the agent from the outcomes realized
and the effort in the period t, given by:

u(θt, et) = v(θt)− c(et),

where v(0) = 0. We assume that v(·) is strictly increasing and continuous and that the
cost function satisfies c(0) = 0 and c(1) = c > 0.13

In each t ≥ 1, the individual solves a short-term decision problem where they choose to
exert effort if and only if:

E(u|et = 1, pt−1) = pt−1v(2ω)− c ≥ 0 = E(u|et = 0, pt−1).

The agent’s expected utility preferences adapt indirectly through their previous effort
choices, as the results achieved update their beliefs, which then influence future effort
decisions. In a short-term decision problem, the agent internalizes the immediate conse-
quences of exerting effort, that is, the return it generates within the current period. How-

12The assumption that effort is exerted in every period t ≥ 1 can be relaxed to require that effort is exerted
in a countably infinite number of periods.

13Note that the cost of effort does not depend directly on the extrinsic circumstance ω.
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ever, we assume that the agent does not internalize how current effort choices influence
the evolution of their future beliefs and, consequently, future effort decisions.14

This behavioral bias allows the model to generate multiple long-term outcomes, each
consistent with individually rational short-term behavior, but differing in welfare. Cru-
cially, all agents—regardless of their circumstances—share this bias. It resembles what
educational psychologists term metacognitive ignorance (Flavell 1979): the failure to rec-
ognize or reflect on one’s own learning processes. In our context, this takes the form
of not realizing that effort is necessary to improve beliefs about the likelihood of suc-
cess. More specifically, Bandura (1977) highlights how people underestimate the role of
effort in achieving mastery and updating beliefs, while Zimmerman (2000) shows that in
self-regulated learning, people often do not anticipate how repeated effort can improve
self-efficacy and future performance.

In a short-term decision problem, et(pt−1) = 1 iff

pt−1 ≥ k̂(ω) =
c

v(2ω)
.

In other words, the individual will exert effort if and only if pt−1 is (weakly) greater than
a threshold value k̂(ω). As v(·) is an increasing function of θt, and hence an increasing
function of ω, it follows that k̂(ω) decreases in ω. Hence, an agent with a higher level
of disadvantage - characterized by a lower value of ω — requires a higher level of prior
beliefs than a less disadvantaged agent to choose to exert effort. A short-term decision is
optimal if (a) et(pt−1) = 1 and both pt−1 ≥ k̂(ω), q ≥ k̂(ω), or (b) et(pt−1) = 0 and both
pt−1 < k̂(ω), q < k̂(ω). 15

Figure 1 illustrates the choice of effort by an agent with circumstance ω and belief pt−1,
assuming 0 < q < 1. The figure features two key functions: the horizontal line in q,
which does not depend on circumstances and represents the true probability of objective
success; and the curve k̂(ω), which represents the threshold belief required to exert effort
and decreases with ω. At each level of ω, comparing q with k̂(ω) tells us whether exerting
effort is optimal: if q ≥ k̂(ω), effort is optimal; if q < k̂(ω), effort is not optimal. The
horizontal line at q also separates the space into areas where the agent’s belief pt−1 is
below or above the true success probability q, helping to visualize the potential with or
without confidence.

In the figure, regions A and D represent outcomes that are optimal: A corresponds to
optimal low effort (when both pt−1 and q are not higher than k̂(ω)), for example, a student

14This is a particular instance of the notion of boundedly rational decision-making with adaptive prefer-
ences, specifically in our case, adaptive beliefs (see e.g., Von Weiszäcker 1971, Hammond 1976, Pollak 1978
and Dalton and Ghosal 2012)

15The assumption that effort is binary is made for simplicity of exposition of both the models and the
results. If e ∈ [0, 1], then, of course, both the objective probability of success and the subjective probability
of success would be maps from [0, 1] to itself. If both these maps, as well as the cost of effort, are linear in
effort, then generically corner solutions will arise in the short-term decision problem we study. In that case,
the analysis would be formally equivalent to our two-effort model.
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with low innate ability and low confidence who rationally chooses not to study hard.
The region D corresponds to an optimal high effort (when both pt−1 and q exceed k̂(ω)),
such as a talented and confident student who invests effort and achieves strong results.
Regions B and C represent suboptimal choices, where the agent’s effort decision does not
match what would maximize the welfare given q. In B, the agent exerts effort when it
is not justified (pt−1 ≥ k̂(ω) but q < k̂(ω)), like a student who works very hard despite
lacking innate ability and ultimately gains little. In C, the agent fails to exert effort despite
having a high innate ability (pt−1 < k̂(ω) but q > k̂(ω)), as when a capable student
wrongly doubts their ability and does not invest in studying.

This partition highlights how differences in circumstances ω, which determine the value
of the threshold k̂(ω) through their effect on potential returns to effort v(2ω), interact
with belief distortions to shape effort choices. When comparing two students, one more
disadvantaged (with a lower ω) and one more advantaged (with a higher ω), the disad-
vantaged student faces a higher threshold k̂(ω) and therefore requires stronger beliefs to
justify exerting effort. As a result, they are more likely to end up choosing suboptimal
low-effort— particularly in region C — even when their objective potential q is high.16

1

k̂(ω)

q

A

A D

C

B

A Optimal et = 0

B Suboptimal et = 1

C Suboptimal et = 0

D Optimal et = 1

ω

pt−1

Figure 1: Short-run outcomes when 0 < q < 1.

Note that if v(·) is unbounded above, then limω→∞ v(2ω) = ∞ and limω→∞ k̂(ω) =
0. Since k̂(ω) is decreasing in ω, at very high levels of advantage, we have k̂(ω) ≈ 0.
Thus, unless the agent is extremely pessimistic (that is, pt−1 < ϵ for some ϵ close to

16Recall that the threshold k̂(ω) at each ω is determined by the ratio of effort cost to the potential return,
k̂(ω) = c/v(2ω). Policies or interventions that reduce c (e.g. subsidies, reduced barriers) or increase v(2ω)
(e.g., higher returns to success) can shift the threshold downward, making the effort more attractive even
for agents with pessimistic beliefs. We discuss these policies in detail in Section 3.
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zero), the highly advantaged agent will exert effort at each t ≤ T. In other words, when
the advantage is large, the marginal cost of effort becomes negligible compared to the
potential gain, making effort worthwhile unless the agent strongly doubts their chances
of success. At the other extreme, it is possible that v(2ω) < c, implying that k̂(ω) > 1,
in which case the agent will exert effort at each t ≤ T. When 0 < k̂(ω) < 1, the decision
to exert effort depends on the agent’s level of confidence, that is, whether or not pt−1 ≥
k̂(ω).

In general, for a given level of prior belief pt−1, agents’ effort choices vary systematically
with their circumstances. Intuitively, an agent faced with high effort costs or very limited
potential gains (i.e., low ω) will require a high belief in their likelihood of success to
justify the effort. In contrast, when the returns to effort are potentially high (i.e., large ω),
even relatively pessimistic agents may find it worthwhile to try. For example, consider
two students who are equally uncertain about their abilities. One attends a school with
poor resources (low ω), while the other benefits from strong institutional support (high
ω). Although both students are identical in all respects, only the student in the more
advantaged environment may find it worthwhile to study, simply because the returns to
effort are greater in their context.

2.3 Long-term Outcomes

To characterize the predictions and welfare implications of our framework, in this sub-
section we study the long-term outcomes of the short-term decisions described in the
preceding section.

Given ω, let the pair (et, pt), t > 0 denote the outcome of a series of short-term decisions.
A long-term outcome is a pair (eT, pT) such that limt→Tet(pt−1) = eT and limt→T pt(et) =
pT. Intuitively, long-term outcomes reflect how effort and beliefs co-evolve through re-
peated short-term choices.

Long-term outcomes may depend on the value of T. Therefore, when characterizing long-
term results, we do so for all T > 0 or in the limit as T → ∞. For example, consider a
student who decides each year whether to study hard. The student does not internalize
how today’s effort might improve their future confidence or learning. However, from
an external perspective (e.g., a planner or analyst looking at the outcomes over time), the
long-term result depends on the time horizon T. If T is short (e.g., focusing only on imme-
diate exam performance this year), the student’s beliefs might be sustained throughout,
as no discouragement might occur during one year. On the other hand, if T is long (e.g.,
considering the entire schooling career), it is more likely that the student will incur in a
short sequence of setbacks that will eventually dissuade them from studying, possibly
resulting in a drop off.

In addition, the specific values of the innate talent, q, shape the dynamics and stability of
the long-term outcomes. In extreme cases, when q = 1 (always succeed with effort) or q =
0 (never succeed with effort), the sequence of short-term decisions becomes deterministic.
In these cases, the question of local stability reduces to whether there exist sequences
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of short-term decisions that converge to a given long-term outcome. However, when
0 < q < 1, the sequence of short-term decisions becomes stochastic over the state space
(et, pt) ∈ {0, 1}× [0, 1]. In this case, the relevant notion of stability is whether a long-term
outcome constitutes an absorbing state, i.e. whether there exist sequences that converge to
it and, once reached, the process remains there with probability one, with zero probability
of transitioning to another state.

The next proposition formally characterizes long-term outcomes, their welfare, and their
stability properties.

Proposition 2. Given ω, the long-term outcomes, their welfare ranking, and stability are as
follows.

1. Long-term outcomes: For all T > 0, there are two long-term outcomes, that is, (i) High ef-
fort (eT = 1) and optimistic beliefs pT ≥ k̂(ω), and (ii) Low effort (eT = 0) and pessimistic
beliefs pT < k̂(ω);

2. Welfare ranking: For all T > 0, if q > k̂(ω), the first long-term outcome with eT =
1, pT > k̂(ω) welfare dominates the second long-term outcome with eT = 0, pT < k̂(ω),
that is, E(u|eT = 1, q) > E(u|eT = 0, q).

3. Stability:

• When q = 1, if p0 ≥ k̂(ω), the sequence converges to the first long-term outcome
(high effort, optimistic beliefs); if p0 < k̂(ω), it converges to the second outcome (low
effort, pessimistic beliefs).

• When q = 0, the sequence converges to the second long-term outcome (low effort,
pessimistic beliefs).

• When 0 < q < 1, the second long-term outcome (low effort, pessimistic beliefs) is the
unique absorbing state: limT→∞ eT = 0, limT→∞ pT < k̂(ω).

The first part of the proposition shows that only two types of long-term outcomes are
consistent with the dynamics of short-term decision problems: either the agent ultimately
settles into exerting effort, supported by sufficiently optimistic beliefs, or the agent ulti-
mately stops exerting effort, sustained by sufficiently pessimistic beliefs. The intuition
is that effort and beliefs reinforce each other over time: exerting effort increases the (per-
ceived) likelihood of success, which sustains or boosts optimistic beliefs, encouraging fur-
ther effort. In contrast, not exerting effort leads to no success, which reinforces pessimism
and further inaction. Intermediate or oscillating patterns are not sustained because any
deviation either converges toward persistent effort with high beliefs or collapses into no
effort with low beliefs. Thus, the dynamics converges to one of these two outcomes. In
terms of Figure 1 above, and replacing pt−1 with pT and et with eT, long-term results will
be located only in areas D (optimistic high-effort outcome) and C (pessimistic low-effort
outcome).

The second part of the proposition shows that the two long-term outcomes can be ranked
on welfare. The key comparison is between the expected utility of the agent, evaluated
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using the objective success probability q, under each outcome. When q > k̂(ω), the op-
timistic high-effort outcome yields the expected utility higher than the pessimistic, no-
effort one; the reverse holds when q < k̂(ω). Hence, any long-term outcome located in
area C is long-term dominated by an outcome located in area D.

The third part of the proposition concerns the stability of the two long-term outcomes.
Here, there are three cases to consider. First, when q = 1, that is, effort always results in
success. If the initial belief satisfies p0 ≥ k̂(ω), the agent has an incentive to exert effort,
and the sequence of short-term decisions converges to the long-term optimistic result
with high effort. In contrast, if p0 < k̂(ω), the agent never exerts effort, the beliefs remain
unchanged (pT = p0), and the result is a persistent low-effort pessimistic outcome.

Since k̂(ω) is decreasing in ω, agents facing greater disadvantage are more likely to fall
into the welfare-dominated outcome. For example, a highly capable student (q = 1)
will succeed whenever they study. If they start to feel confident enough (p0 ≥ k̂(ω)),
success reinforces effort and optimism. But if they start too pessimistic, they will not
try, they will not succeed, and they will remain stuck in low effort despite their innate
ability. Figure 2 (left panel) illustrates the stability result when q = 1, with pt on the x-
axis and pt+1 on the y-axis. As long as p0 ≥ k̂(ω), pt converges to 1; when p0 < k̂(ω),
pt = p0 remains constant. Thus, [k̂(ω), 1] is the attraction basin for the long-term result
with eT = 1, pT = 1, while [0, k̂(ω)) is the attraction basin for the long-term result with
eT = 0, pT = p0. Note that the map from pt to pt+1 has an S-shaped shape, typical of
models that generate poverty traps; however, here it is the pessimistic low-effort trap that
is the primary object of interest.

k̂(ω)

q = 1

pt

pt+1

k̂(ω)

q = 0

pt

pt+1

Figure 2: Belief dynamics and stability for q = 1 (left) and q = 0 (right).

Second, when q = 0, effort never leads to success. Even if the initial belief satisfies
p0 ≥ k̂(ω), there exists some period t′ such that pt′ < k̂(ω), after which the agent stops
exerting effort. Consequently, the agent converges to the pessimistic long-term outcome
with little effort. In this case, the convergence to the pessimistic result occurs regardless
of the agent’s circumstance ω, as exerting effort does not produce a return. Continuing
with the example of the student, if they initially believe that they are capable and study

15



hard, but their true ability is zero (q = 0), the effort never results in success. Over time,
repeated failure leads them to revise their beliefs downward and ultimately give up en-
tirely, regardless of their initial circumstance. Figure 2 (right panel) illustrates the stability
result when q = 0. The key difference between q = 0 and q = 1 is that the map from pt
to pt+1 is Z-shaped, implying that there is only one long-term stable global outcome:
eT = 0, pT < k̂(ω).

When 0 < q < 1, there are several cases to consider. In extremes, an agent with a very
high level of advantage, for whom p0 ≥ k̂(ω) ≈ 0, will always exert effort and converge
to an optimistic long-term result of high-effort. In contrast, at extreme levels of disad-
vantage, where k̂(ω) > 1, the agent will never find it optimal to exert effort and instead
converge to a long-term pessimistic low-effort result. Figure 3 illustrates the long-term
results for extreme advantage (left) and extreme disadvantage (right).

k̂(ω)

pt

pt+1

k̂(ω)

pt

pt+1

Figure 3: Belief dynamics when 0 < q < 1, for extreme advantage (left) and extreme
disadvantage (right).

In both cases, the agent converges to the welfare-dominant outcome, given their underly-
ing potential 0 < q < 1. For example, a highly talented student (q close to 1) with strong
support (ω high) will exert effort and succeed. Meanwhile, a severely disadvantaged stu-
dent (ω low), regardless of their belief in success and talent, will not try, and this inaction
is consistent with their true chances of succeeding.17

However, for intermediate levels of disadvantage, when 0 < k̂(ω) < 1, the pessimistic
low-effort outcome is the only absorbing state, even if it is welfare-dominated. If at any
time the agent’s belief falls below the threshold k̂(ω), they stop exerting effort, and this
decision becomes self-reinforcing: without effort, the beliefs stagnate or decline, and the
agent never relinquishes.

In contrast, convergence to the optimistic, high-effort long-term outcome requires the

17We can also use Figure 1 to illustrate the stability result when 0 < q < 1. Areas B and C are the only two
absorbing states. When q > k̂(ω), then C, with the long-term welfare-dominated outcome, is the absorbing
state.
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agent to exert effort in every period, which in turn requires their belief to remain above
the threshold indefinitely. But when 0 < q < 1, belief updating is stochastic and with
positive probability 1− q, a failed effort leads to pt+1 < pt. Thus, there is always a chance
that beliefs fall below the threshold, triggering permanent disengagement. As a result,
the high-effort outcome cannot be an absorbing state.

Continuing with the above example, a student with moderate potential (0 < q < 1) and
an intermediate level of disadvantage may be confident enough to study. But if early
efforts fail, something that can happen by chance, their belief drops below the threshold,
and they stop trying altogether. Since effort ceases, beliefs no longer recover, and the
student becomes trapped in a self-fulfilling cycle of low effort and pessimism.

2.4 Pessimistic Low-effort Traps

A pessimistic low-effort trap is a scenario in which an agent acts suboptimally by not ex-
erting effort. This corresponds precisely to region C in Figure 1, where the agent does not
exert effort despite having a high objective probability of success (q > k̂(ω)). Since this
region induces low effort, it is also an absorbing state and therefore a long term outcome.

Formally, the trap is defined as follows:

Definition 1. Given ω and T > 0, a pessimistic low-effort trap is a long-term outcome (eT, pT)
such that eT = 0 and pT < k̂(ω) < q.

A pessimistic low-effort trap is closely related to what the psychological literature refers
to as learned helplessness, which describes a state in which individuals stop trying be-
cause they believe that effort has no effect, often as a result of repeated failures (Seligman
1972). The beliefs about the probability of success conditional on effort can only be up-
dated if the agent constantly exerts effort, which, in turn, requires the beliefs to be opti-
mistic enough in the first place. However, the agent’s subjective belief only matters when
0 < k̂(ω) < 1: if k̂(ω) ≈ 0, the agent will always exert effort, and if k̂(ω) ≥ 1, the agent
will never exert effort although in this case the absence of effort is welfare dominated.

The following result demonstrates the link between structural disadvantage and learned
helplessness:

Proposition 3. The relationship between disadvantage and pessimism is as follows. Consider two
agents i, j with intermediate levels of disadvantage where agent i is more disadvantaged than agent
j, that is, ωi < ωj and a common value of initial beliefs p0,j = p0,i. In a long-term outcome, for
all T > 0, the likelihood that agent i is stuck in a pessimistic low-effort trap is greater than that of
agent j.

Consider two agents such that the first agent has a relatively higher level of advantage.
Assume that both agents have the same prior beliefs about the probability of success
conditional on effort p0. To begin with, assume that q = 1. As k̂(ω) decreases in ω,
whenever k̂(ωj) < p0 < k̂(ωi), agent i will not exert effort, but agent j will. Hence, if
p0 is chosen according to a common probability distribution among all agents, the higher
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the level of disadvantage, the higher the probability that the agent will converge to the
pessimistic trap of low effort.

To gain intuition when 0 < q < 1, suppose that both agents initially exert effort, but the
return obtained is zero. In the next period, both agents will be more pessimistic. However,
such pessimism will have a more detrimental effect on the relatively disadvantaged agent.
This is because the threshold level of beliefs below which the relatively disadvantaged
agent will choose not to exert effort is higher than the threshold level of beliefs below
which the other agent will choose not to exert effort. Hence, over time, the likelihood that
the disadvantaged agent will be stuck in low effort, pessimistic trap will be higher. Thus,
the higher the level of disadvantage, the higher the likelihood that an agent will fail to
believe in their probability of success, leading them to underinvest in effort even when
their innate ability is high.

2.5 Extensions

In this section, we discuss four extensions of the baseline model, which are further ex-
panded in the appendix.

First, in Appendix B, we examine the case where agents are farsighted and internalize the
impact of the current effort on future outcomes. We consider various degrees of partial
farsightedness, where agents anticipate how future beliefs and effort choices depend on
current decisions. We show that partial farsightedness, by itself, is insufficient to fully
restore the incentives to exert effort: without simultaneously raising beliefs, the agent
will not exert effort.

When we move to the case of full farsightedness, where agents anticipate the entire stream
of future utilities, we find that a key feature of the short-term protocol is preserved: once
a decision-maker switches to a pessimistic, low-effort path, they remain on that path in
all subsequent periods. Even fully forward-looking agents follow a threshold strategy
for effort, which means that they exert no effort in all periods if their initial belief is too
low. We state a proposition that highlights the role of the degree of farsightedness. On
the one hand, agents who internalize more future periods are more likely to exert effort,
as the threshold belief required is lower. However, agents with a lower discount factor
(i.e., more impatience) are less likely to invest effort. A direct implication is that early
interventions to raise initial beliefs can generate larger welfare gains by nudging agents
onto a high-effort path before pessimistic traps take hold.

Second, in Appendix C, we extend the baseline model by explicitly incorporating aspira-
tions as an additional psychological driver of effort. As in Dalton et al. (2016), agents do
not internalize how their effort affects the evolution of aspirations, mirroring their bias in
belief updating. Aspirations may be exogenous or shaped by realized outcomes.We show
that aspirations interact dynamically with beliefs and effort: higher aspirations lower
the threshold belief needed to justify exerting effort, thereby encouraging persistence.
However, when aspirations evolve slowly relative to beliefs, frustration can arise if high
aspirations are repeatedly unmet. Importantly, we identify two distinct traps: frustra-
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tion, where aspirations remain high but unmet and effort eventually stops, and fatalism,
where aspirations collapse alongside beliefs and effort.

Third, in Appendix D, we consider a different implication of structural disadvantage:
rather than lowering the returns to effort, it reduces the objective probability of success,
q. In this case, the disadvantage acts as a barrier to success, while the rewards from suc-
cess remain unchanged. We show that our main results are robust to this formulation.
When disadvantage directly lowers the likelihood of success, it increases the frequency of
failure, causing beliefs to be revised downward more often. As a result, disadvantaged
agents are more likely to fall below the belief threshold required to justify the effort. Since
the belief updating process is the same, the structure of the long term outcomes mirrors
the baseline model: for intermediate levels of disadvantage (i.e., ones for which the cor-
responding probability of success is neither 0 or 1) the only stable long term outcome is
the pessimistic, low effort trap.

Finally, in Appendix E we consider the case where the agent begins with a prior distri-
bution over q, which we interpret as self-efficacy beliefs. Suppose q ∈ {qL, qH} with
0 ≤ qL < qH ≤ 1, and let P0 denote the prior q = qH. Beliefs are updated via Bayes’ rule
whenever effort is exerted. We show that, as in the baseline model, multiple long-term
welfare-ranked outcomes can arise. For intuition, consider the special cases qL = 0 and
qH = 1. If the agent exerts effort, the beliefs jump to 0 or 1, depending on whether the
outcome is a failure or a success. However, if the initial self-efficacy P0 lies below the same
threshold k̂ identified in the baseline model,18 the agent never finds it worthwhile to exert
effort and becomes trapped in a welfare-dominated low-effort outcome. More generally,
when 0 < qL < qH < 1, Bayesian learning recovers the true q only if the agent continu-
ously exerts effort; when qL < k̂ < qH, even high-ability individuals (q = qH) may stop
exerting effort prematurely and fall into a pessimistic trap. Appendix E connects our anal-
ysis to the literature on Bayesian decision-making in one-armed bandit problems when
agents are farsighted. A key result (Lemma 4.1 in Bradt 1956) in this literature is that once
the known arm of a bandit is chosen by a farsighted agent, it continues to be chosen in
all subsequent time periods, a feature consistent with our short-term decision protocol.
When agents are farsighted, outcomes cannot be welfare-ranked as they can when they
use our short-term decision protocol. However, it is still possible for the agent to be stuck
with the overly pessimistic beliefs, and hence choose a welfare dominated outcome.

Extending the model in this way reinforces the central link between disadvantage and be-
liefs: structural disadvantage can erode self-efficacy beliefs (low P0), increasing the prob-
ability of a pessimistic low-effort trap even when the objective potential is high. This is
consistent with a large empirical literature documenting systematic gaps in self-assessed
ability between socioeconomic groups. For example, Guyon and Huillery (2020) show
that low-SES students in France underestimate their academic ability relative to equally
performing high-SES peers. Gender gaps in confidence appear even to maintain the per-
formance constant: Barber and Odean (2001) and Buser et al. (2014) document lower self-
beliefs among women in math, science, and financial decisions. Similar patterns arise

18Appendix E shows that the relevant threshold for P0 coincides with the baseline threshold.
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in caste contexts: Hoff and Pandey (2006) find that making caste prominent depresses
performance for low-caste students. Related work shows that women systematically un-
derestimate their abilities and avoid competition (Niederle and Vesterlund 2007; Bordalo
et al. 2019; Coffman 2014). Together, these findings highlight how structural disadvan-
tage shapes self-beliefs and thereby increases the risk of falling into pessimistic low-effort
traps. Moreover, even forward-looking individuals can choose zero effort in all periods
if P0 < c

v(2ω)
, the condition under which the agent never exerts effort under myopia. So,

if q > c
v(2ω)

, under full farsightedness, in the unique outcome, the agent may choose a
welfare dominated outcome because they get stuck with the wrong beliefs. The earlier
the initial beliefs are changed, the greater the welfare gains.

3 Policy Implications

In this section, we study policies and interventions that can reduce the risk of falling
into a pessimistic, low-effort trap or facilitate escaping from such a trap. We discuss the
effectiveness of interventions that boost grit, increase aspirations and subjective beliefs
such as locus of control or self-efficacy, and reduce structural disadvantages. In addition,
we analyze when each type of policy may work in isolation, when they must be combined
to be effective, and when they may fail to achieve the desired outcomes.

For policy analysis, we assume that a benevolent policy-maker has more information than
the decision-maker about the underlying ability of the agent q and external circumstances
ω, so can assess whether q > k̂(ω) is or not. This means that the policy-maker knows
whether the agent would benefit from exerting effort, given their true potential and struc-
tural disadvantage. This information asymmetry is plausible in many real-world settings.
For example, a coach or teacher with years of experience may have observed a wide range
of individuals with varying levels of innate ability and background constraints. Drawing
on this experience, they can form a reliable estimate of the objective probability of success
of a student q, and also a reasonable assessment of the structural disadvantage of the stu-
dent ω, for example, by observing access to resources, parental involvement, or previous
opportunities. This allows them to infer whether the true success potential of the agent
exceeds the belief threshold k̂(ω), even if the agent itself lacks that knowledge. Similarly,
a program evaluator or mentor might have access to richer data—e.g., results from a pilot
program or longitudinal cohort—which enables them to form more accurate judgments
about who is likely to benefit from sustained effort.

3.1 Boosting Beliefs: Locus of Control, Self-Efficacy and Grit

Our model highlights the central role of subjective beliefs about the probability of suc-
cess conditional on effort. In the baseline model, pt captures an individual’s perceived
control over outcomes, a notion closely related to locus of control. In the Bayesian exten-
sion introduced in Appendix E, where Pt is derived from a prior over an unknown ability
parameter q, beliefs take on a more natural interpretation as self-efficacy. In both cases, in-
terventions that raise beliefs or prevent them from falling below the belief threshold k̂(ω)
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can promote sustained effort.

Informational interventions offer a direct route to the formation of beliefs. When cred-
ible and contextualized, information on the returns to effort, such as those studied in
Ersoy (2023) and Rury and Carrell (2023), can shift beliefs upward. If these interventions
succeed in raising p0 above k̂(ω) and maintaining this margin over time, they ensure that
the agents will persist in exerting effort, thus improving long-term outcomes provided
that q > k̂(ω).

Another way to shift subjective beliefs is through exposure to role models—individuals
from similar backgrounds who have succeeded through effort. These figures can signal
that success is achievable despite shared structural constraints, prompting upward be-
lief revisions. For example, Nguyen (2008) shows that in rural Madagascar, students and
parents significantly underestimated the returns on education. When some villages re-
ceived visits from local adults who had succeeded in education, the students updated
their beliefs, increased school attendance, and achieved higher test scores. This evidence
suggests that role models can change both perceived returns and effort decisions. Sim-
ilarly, LaFerrara et al. (2012) show that exposure to aspirational characters in Brazilian
soap operas influenced viewers’ behavior, including fertility and divorce decisions, sug-
gesting the broad potential of relatable success narratives to shape expectations. In a
context in which aspirations matter, Di (2025) finds that exposure to role models with a
similar background increases aspirations, beliefs, and effort among middle school stu-
dents in China. Moreover, the paper documents complementarity between outcomes and
aspirations and shows that frustration may arise when increases in aspirations are not
matched by corresponding increases in confidence about achieving them.

Importantly, role model exposure may not occur naturally—especially if the role model
bears costs from mentoring or visibility—so policy interventions may be required to fa-
cilitate these connections. At the same time, not all exposure is informative: observing
someone succeed can only productively shift beliefs if the agent correctly infers that their
own ability q exceeds their threshold k̂(ω). Otherwise, the signal can be misleading, rais-
ing unrealistic expectations or leading to eventual disillusionment. This underscores the
value of targeted contextualized interventions—ideally implemented by an informed and
benevolent planner—to ensure that social learning produces beneficial belief updates.

Formally, this is how a role model can be effective. Let the circumstance of the role model
be indicated by ωk ≥ ω, with ωk − ω < ϵ for some small ϵ > 0, ensuring that the role
model is sufficiently similar to the agent. We assume that the role model communicates
their successful experience of exerting effort to the agent, which the agent incorporates
into their belief updating process. Under this mechanism, the agent’s beliefs evolve tak-
ing into account external success evidence. As a result, the agent no longer relies solely
on their own experience but also draws on external evidence from the role model’s suc-
cess. It is as if the agent is updating beliefs based on two signals: their own outcome and
an additional positive signal from the role model. Formally, belief updating proceeds as
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follows:

pt =


pt−1+2

3 if et = 1 and θt = 2ω
pt−1+1

3 if et = 1 and θt = 0
pt−1+1

2 if et = 0

By construction, beliefs are eventually bounded below, since pt ≥ 1
2 , for all t > 1. To

see this, take the extreme case where p0 = 0: then, p1 = 1
2 , as exposure to a role model

increases beliefs. From the following period onward, it must be pt ≥ 1
2 . Therefore, if the

belief threshold satisfies k̂(ω) < 1
2 , role model interventions will ensure sustained high

effort over time.19

It is important to distinguish these policy interventions designed by a benevolent and in-
formed planner, from informal signals that agents can encounter naturally (e.g., via social
media, peers, or community networks). Individuals might observe others who succeed
through effort and infer that exerting effort is worthwhile. However, such observational
learning can be misleading because the agent typically lacks two key pieces of informa-
tion: (i) whether the observed individual’s true success potential q exceeds their own
belief threshold k̂(ω), and (ii) whether their own q exceeds k̂(ω). Without this knowl-
edge, observed success could lead to unjustified optimism, followed by disillusionment
if a similar effort does not produce success. This highlights the value of informed and
beneficial interventions: by tailoring signals or feedback to the underlying potential and
structural context of the agent, such interventions avoid the risk of false inferences and
can reliably shift behavior toward welfare-enhancing paths.

Psychological interventions aimed at increasing self-efficacy, such as cognitive behav-
ioral therapy (CBT) or mindset workshops, offer another route to increase self-beliefs.
These interventions work by directly increasing the agent’s belief in their own ability to
succeed if effort is exerted. For example, McKelway (2025) shows that a light-touch work-
shop designed to enhance self-beliefs among women led to persistent increases in eco-
nomic outcomes. The treated participants displayed an S-shaped pattern in the outcomes
over time which, in the lens of our model, is consistent with a setting where q = 1.20

Similarly, Kaur (2025) studies an intervention that targets teachers’ perceived behavioral
control, the belief that effort can influence student outcomes. This treatment led to per-
sistent increases in teacher effort and improved student performance. In our framework,

19Note that the role model enters the belief-updating rule implicitly through an additional positive sig-
nal. Relative to the baseline updating rule, the numerator is inflated by one unit to reflect the role model’s
successful experience, while the denominator is adjusted to reflect the larger set of signals being averaged.
For instance, following success under effort, beliefs update as pt = (pt−1 + 2)/3 rather than (pt−1 + 1)/2:
one unit reflects the agent’s own success, and the additional unit captures the role model’s success. Like-
wise, following failure or no effort, beliefs still increase because the positive role-model signal is assumed
to be continuously present. Similarity between the agent and the role model (i.e., ωk ≈ ω) ensures that
this external signal is perceived as relevant and therefore fully incorporated. We abstract from explicitly
modeling the role model’s characteristics or actions and instead represent their influence in reduced form
as a persistent positive belief signal.

20McKelway (2025) has a theoretical model which follows Benabou and Tirole (2002), leading to a differ-
ent interpretation of this result.
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such interventions increase the perceived return to effort of teachers pt, which in turn
leads to sustained investment and improved long-term results for students. These ex-
amples highlight how low-cost psychological nudges can sustainably increase perceived
efficacy, particularly when q is high and the main constraint is pessimistic beliefs.

Interventions that strengthen grit. When q = 1, raising p0 above k̂(ω) is sufficient to
guarantee convergence to the optimistic high-effort outcome. However, when 0 < q < 1,
the update of beliefs becomes stochastic and a one-time increase in p0 is not enough. In
such cases, grit-enhancing interventions that support persistence even in the face of setbacks
are essential to keep beliefs pt above the threshold k̂(ω) over time. As quoted by Banerjee
et al. (2019, p. 970), “life in 1.90 a day is emotionally draining, laced with perennial frus-
trations and the occasional crushing setback. Why then do we make the sacrifices needed
to earn a few dollars each day and save for an abstract and uncertain better life decades
away? To do so would take remarkable grit.” A key insight from their review is that in-
terventions for the extreme poor may need to explicitly foster this kind of psychological
resilience to generate sustained economic improvements.

An approach that explicitly targets grit is the “graduation model,” which combines cash,
productive assets, life-skills training, and intensive mentoring to gradually build both
economic capabilities and self-confidence. By supporting individuals closely over time,
these programs help beneficiaries build a sense of control and persistence—reinforcing
beliefs even in the face of temporary failure.

Another way to strengthen grit is by designing targeted psychological interventions. For
example, Alan et al. (2019) develop and evaluate a structured training program that
teaches primary-school children to persevere through difficulty and learn from failure.
They find that treated children exhibit significantly greater consistency in effort, with
long-term effects that suggest that beliefs remain bounded away from the pessimistic
threshold even after setbacks. This kind of belief reinforcement—whether through men-
toring, structured training, or psychological exercises—can help ensure that the effort
persists in the presence of uncertainty.

Similarly, Campos et al. (2017) show that teaching “personal initiative” to microentrepreneurs
in Togo increased firm profits. Their intervention emphasized proactive behavior and per-
sistence in overcoming obstacles, traits closely aligned with grit. A key mechanism, they
argue, is the ability to “better overcome setbacks” (p. 3), which reinforces the belief in
continued success.

In a related domain, Bettinger et al. (2018) study perseverance in math learning. They
find that a light-touch intervention that increases students’ willingness to stick to difficult
problems significantly improves test performance. This shows that even small nudges to
grit can help students stay engaged when challenges might otherwise lead to disengage-
ment.

Interventions that foster a growth mindset—the belief that ability is malleable—also con-
tribute to grit. Yeager et al. (2020) emphasize that the success of such interventions is
critically dependent on the school environment. They find that growth mindset interven-

23



tions are most effective when peer norms support student’ persistence through difficulty
or when schools provide formal resources that make effort more likely to be rewarded.
In our framework, these environments help keep beliefs pt above k̂(ω), supporting sus-
tained effort and long-term welfare improvements.

Finally, Ashraf et al. (2024) study an intervention that uses episodic future thinking to
help economically vulnerable individuals better imagine how current actions can lead to
future benefits. Participants who participated in guided visualization exercises exhibited
improved economic behaviors and greater willingness to invest in their futures. This in-
tervention can be understood as correcting distortions in memory or mental simulation
(what the authors call “mental experiencing”) that otherwise make it harder for agents
to perceive the link between effort and success. In our model, this can be interpreted as
helping agents avoid the collapse of beliefs pt after failure, thus preventing a fall below
k̂(ω). Alternatively, one might interpret the intervention as increasing farsightedness.
However, as we show in Appendix B, farsightedness itself (interpreted as an increase in
the discount factor δ) might not increase effort and therefore welfare if not accompanied
by an increase in beliefs. Looking ahead without optimist will not lead to greater engage-
ment. Hence, the welfare gains observed in Ashraf et al. (2024) likely stem from helping
agents maintain sufficiently high beliefs, rather than inducing farsightedness on its own.

Crucially, the strength required for such interventions depends on the disadvantage pa-
rameter ω. More disadvantaged agents (i.e., those with a higher k̂(ω)) need stronger
or more persistent belief reinforcement to escape pessimistic traps. Thus, belief-based
interventions must be carefully tailored to the context. In addition, these interventions
are most relevant for agents located in Region C of Figure 1, where beliefs are marginal
and outcomes are sensitive to small shocks. In Region A, where q < k̂(ω), even opti-
mistic beliefs do not justify effort. In those cases, structural changes to returns or costs
are required. In Region D, agents already exert effort and maintain high beliefs, making
belief-boosting interventions redundant. Recognizing the region-specific effectiveness of
these interventions is essential for appropriately targeting policy.

3.2 Shifting k̂(ω) Downward

A disadvantaged agent has a higher probability of becoming stuck in a welfare-dominated,
pessimistic, low-effort trap compared to a more advantaged agent. For agents with a very
high degree of advantage, such that k̂(ω) ≈ 0 - no intervention, or only minimal inter-
vention, is needed to sustain effort. In this sense, belief- and grit-enhancing policies are
largely redundant for the most advantaged.

In contrast, for severely disadvantaged agents with k̂(ω) ≥ 1 and q < 1, belief-boosting
interventions alone are insufficient. In such cases, material interventions that directly ad-
dress the disadvantageous circumstances are necessary to shift the threshold k̂(ω) down-
ward. We distinguish two types of policies that reduce k̂(ω): policies that reduce the
effective cost of effort c and policies that raise the value of success, thus improving the
returns to effort v(2ω).
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Reducing the cost of effort c. Policies that lower the effective cost of exerting effort make
it more feasible for agents to persist, even when beliefs are fragile. For example, uncon-
ditional cash transfers can ease liquidity constraints, allowing students to afford school
materials, cover transportation, or reduce working hours thereby making it easier to in-
vest time and energy in studying. In our framework, such interventions reduce the cost
of effort c, which shifts the belief threshold k̂(ω) downward. This, in turn, decreases the
likelihood that agents fall into pessimistic, low-effort traps. Empirically, these traps may
correspond to psychological states such as hopelessness or depression. Supporting this
interpretation, unconditional cash transfers have been shown to improve psychological
well-being (Haushofer and Shapiro (2016), Crosta et al., 2025)) and reduce depression
(Christian et al. 2024). For a comprehensive meta-analysis on the impact of cash transfers
on mental health and subjective well being, see McGuire et al. (2022).

Increasing the value of success v(2ω). Other policies operate by raising the actual re-
wards from success conditional on effort. Conditional cash transfers, such as Brazil’s
Bolsa Famı́lia or Mexico’s PROGRESA link financial benefits to effort-driven behaviors
like school attendance, thereby increasing the value of success on both margins: reducing
the cost of effort and increasing its payoff.

Changing ω. Although the policies discussed above lower k̂(ω) and make effort more
attractive, they do not necessarily alter the underlying structural circumstance ω, which
in our model represents factors like background endowments, such as family environ-
ment, social capital, or early-life health. However, in some cases ω itself can be directly
improved. In the context of discrimination, policies aimed at reducing bias or correcting
stereotypes can permanently improve the situation of disadvantaged groups. For exam-
ple, Balafoutas and Sutter (2012) show that affirmative action increases women’s partici-
pation in competitive environments, effectively reducing gender-based disadvantage. In
the context of disability, policies that facilitate labor market inclusion—such as remote
work or accessibility accommodations—directly lower ω. Bloom et al. (2024) demon-
strate that increases in remote work explain a significant share of the increase in disability
employment in the US.

Temporary and permanent effects. Another important insight from our model is the dis-
tinction between temporary and permanent effects of policies. In their review of works
related to the psychology of poverty, Park et al. (2024) state that ”more work is also
needed to understand whether belief-change interventions can have persistent effects in
the long run”. Our model offers a framework to establish whether policies affecting be-
liefs can have long lasting impacts.

Suppose a policy that temporarily reduces the threshold to k̄(ω) < k̂(ω). The long-term
impact of this policy is critically dependent on both initial beliefs and the objective prob-
ability of success q. When q = 1, and if beliefs satisfy k̄(ω) < p0 < k̂(ω) < p0+1

2 , the
temporary policy can have a permanent effect: it induces effort in the short run, shifts be-
liefs above the threshold, and ultimately ensures convergence to the optimistic high-effort
equilibrium even after the transfer ends.

In contrast, when 0 < q < 1, Proposition 3 implies that a temporary policy cannot sus-
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tain long-term effort and will only have a short-term effect. In this case, a permanent
intervention, such as a universal basic income (UBI), is necessary to continuously reduce
disadvantage and maintain a lower threshold k̄(ω), to achieve lasting impacts on effort
and welfare. As Banerjee et al. (2019) argue in their review, introducing measures such
as UBI could alleviate psychological constraints and help poorer agents escape what they
describe as a ”pessimism trap”. Such policies can induce effort both among agents who
would have never felt optimistic enough to try in the first place, as well as among those
who had stopped trying after experiencing failure.

3.3 Raising aspirations

Interventions that simultaneously sustain aspirations and beliefs (e.g., through role mod-
els or psychological support) are especially effective in fostering grit and avoiding pes-
simistic traps. Aspirations and grit interact in meaningful ways: when aspirations are
raised such that the true success probability q exceeds the action threshold, and a grit in-
tervention ensures a lower bound on belief updating, their combined effect can support
people who would not benefit from either intervention in isolation. In addition, both frus-
tration (when aspirations are exogenous) and fatalism (when aspirations evolve endoge-
nously) are consistent with pessimism and low effort. However, temporary episodes of
frustration can strengthen grit and lead to long-term welfare gains. In the words of Duck-
worth (2017, p. 109) aspirations and grit together create “a deep interest, a ready appetite
for constant challenge, and an evolved sense of purpose”.

These predictions are consistent with empirical evidence and can be more tightly inter-
preted through the lens of our model. Bernard et al. (2025) show that exposing rural
Ethiopians to videos of successful role models raises aspirations and leads to increased
investments in education and savings in the short- and long-run - consistent with our
finding that higher aspirations can lower the belief threshold needed to trigger effort in
a sustained way. Similarly, Beaman et al. (2012) find that repeated exposure to female
leaders in Indian village councils changes gender attitudes and raises career aspirations
among adolescent girls, suggesting that role models can reshape both perceived possibil-
ity and perceived payoff from effort.

However, McKenzie et al. (2022) find that raising ambitions among microentrepreneurs
in the Philippines increased initial goal setting, but it also led to discouragement and
lower economic performance when these goals were not met. This is consistent with our
prediction that raising aspirations without sufficient support or belief updating can lead
to frustration and reduced effort. Similarly, Genicot and Ray (2017) emphasize that aspi-
rations must fall within an ’aspiration window’ to motivate rather than demoralize, echo-
ing the complementarity in our model between aspirations, belief formation, and grit-
enhancing interventions. Together, these findings underscore the importance of coordi-
nating aspiration-raising policies with mechanisms that support learning and resilience.
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3.4 Changing q(ω)

Changes in q(ω) are conceptually distinct from changes in the threshold k̂(ω). Interven-
tions that target q(ω) typically involve skill-building programs, training, or other ability-
enhancing measures that improve the agent’s objective probability of success, rather than
modifying incentives or constraints. While q(ω) may partially reflect an agent’s innate
ability, in our framework it also captures structural and institutional factors, such as ac-
cess to quality education, mentoring, or fair evaluation systems, that affect the likelihood
of success conditional on effort. In such a setting, policies such as affirmative action
can directly increase q by improving access to opportunities, thereby making effort more
worthwhile and shifting long-run outcomes. For example, a student from a historically
marginalized caste may be more motivated to study for a competitive university entrance
exam if reservation policies improve their chances of admission conditional on effort.
Similarly, targeted mentoring or sponsorship programs can raise q by providing disad-
vantaged students with access to networks and opportunities that would otherwise be
unavailable.

Quota systems or diversity hiring initiatives in labor markets can further increase q by
reducing evaluation biases or offering guaranteed positions, thereby incentivizing invest-
ment in skills and job preparation. Additional interventions such as guaranteed intern-
ships or apprenticeships for underrepresented youth create clear pathways into compet-
itive fields. Finally, bridge scholarships or conditional admission guarantees in higher
education can improve the likelihood of success given effort, reinforcing the perceived
and actual returns to investing in human capital.

4 Conclusion

Our paper develops a simple yet rich dynamic framework to study how disadvantage
and belief formation interact. The model uniquely integrates different types of policy
interventions, material, psychological, and structural, and provides a unified lens to eval-
uate their nuances and effectiveness under various conditions. It can account for a wide
range of interventions, from those that address discrimination and disability to those that
boost self-confidence, grit, and aspirations, as well as material support, such as cash trans-
fers. Our framework thus offers clear insights into when and why these policies may
permanently address the structural effects of disadvantage (broadly defined, beyond just
poverty) or only yield temporary improvements. The richness of these policy implica-
tions sets the foundation for future empirical research.

To the best of our knowledge, our work is the first to formally incorporate and distin-
guish psychological constructs such as locus of control, self-efficacy, grit, and aspirations
into a single economic model. Crucially, we do not study these constructs in a vacuum:
we highlight their role in reducing structural inequality in a stochastic world and clarify
under which conditions distinctive interventions are welfare improving. Our framework
also provides clear predictions about when role models and psychological interventions
that increase subjective beliefs about the returns to effort will or will not be effective. In
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addition, to our knowledge, we are the first to formally differentiate between fatalism and
frustration, to emphasize the distinction between temporary and permanent impacts of
both psychological and material interventions on effort, beliefs, and welfare, to show why
psychological interventions tend to be more effective when introduced earlier and to clar-
ify how farsightedness improves long-term welfare only when beliefs remain sufficiently
optimistic over time.

Our framework opens many avenues for future research. Empirically, it motivates testing
the predicted interactions between grit, beliefs, aspirations, and structural disadvantage,
for example, using field experiments that can track belief and effort dynamics over time.
Theoretically, extensions could explore general equilibrium effects, such as social learn-
ing, inequality dynamics, or collective action problems. Another promising direction is to
study how policy interventions that target grit and beliefs interact with networks and peer
effects, potentially amplifying or dampening individual responses. Furthermore, one
could analyze the political economic implications of grit-enhancing interventions—for
example, how improving individual agency and effort perceptions might shape demand
for redistribution or support for different types of social policy. Finally, understanding
how grit can benefit not only individual welfare, but also collective outcomes, such as
public good provision, group resilience, or societal innovation, offers an interesting path
for future work.

Beyond these directions, our framework could also be extended to incorporate insights
from psychology on the emotional consequences of decision-making. In particular, it
provides a natural structure for analyzing different forms of regret, such as regret from
action versus inaction, as discussed by Gilovich et al. (1995). While we do not model
regret explicitly, our threshold structure suggests a clear pathway: agents who fall below
the effort threshold stop trying, yet may experience a lingering regret from not knowing
what might have happened had they persisted. This counterfactual uncertainty may be
more psychologically painful than the disappointment of trying and failing. Whether
individuals anticipate this asymmetry and how it shapes their initial decisions could be a
fruitful area of investigation.
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Appendix A Proofs of Propositions

Proof of Proposition 1. Suppose e(pt) = 1 for all t > 1. Then E[pt|pt−1, et = 1] = q pt−1+1
2 +

(1 − q) pt−1
2 = pt−1

2 + q
2 . By the law of iterated expectations, this is equivalent to E[pt] =

E[pt−1]
2 + q

2 . By recursive substitution, we obtain E[pt] =
p0
2t + ∑t

k=1
q
2k = p0

2t + (1 − 1
2t )q.

Therefore, limt→∞ E[pt] = limt→∞[ p0
2t + q(1 − 1

2t )] = q. If q = 0, it is easy to see that,
conditional on effort, pt = pt−1

2 = p0
2t , which converges to 0, which is equal to q. In the

same way, if q = 1, pt =
pt−1+1

2 = p0
2t + (1 − 1

2t ), which converges to 1, which is equal to
q. ■

Proof of Proposition 2. Consider an agent with initial circumstances denoted by ω.
1) Suppose eT = limt→Tet(pt−1) = 1, then it must mean that for each 0 < t ≤ T, pt(et) ≥
k̂(ω). Then, there exists a subsequence {pkt} which converges to a point pT such that
limt→T pt(et) = pT ≥ k̂(ω). Suppose that pT = limt→T pt(et) > k̂(ω). Then, pt > k̂(ω) for
each 0 < t ≤ T. But then it must be et = 1 each 0 < t ≤ T and therefore limt→Tet(pt−1) =
eT = 1. Hence, there is a long-term outcome with a high effort (eT = 1) and optimistic
beliefs pT > k̂(ω).
Suppose now that limt→Tet(pt−1) = 0. Then, it must mean that there exists a time tn < T
such that et = 0. But then ptn < k̂(ω) and therefore pt = p < k̂(ω) for all t > tn, and it
must be limt→T pt(et) = p < k̂(ω). Suppose that limt→T pt(et) = p < k̂(ω). Then, there
exists a time tn < T for which pt < k̂(ω), for each tn < t ≤ T, which implies et = 0 for
all tn < t ≤ T and so limt→Tet(pt−1) = 0. Hence, there is a long-term outcome with low
effort (e = 0) and pessimistic beliefs p < k̂(ω).

2) Suppose that q > k̂(ω) = c
v(2ω)

, then qv(2ω) − c > 0. The expected utility for the
long-term, high effort outcome is E(u|eT = 1) = qv(2ω)− c, while the expected utility
for long-term, low effort outcomes is E(u|e′T = 0) = 0. Hence, if q > k̂(ω) = c

v(2ω)
,

E(u|eT = 1) > E(u|e′T = 0).

3) Suppose that q = 1. Assume that p0 ≥ k̂(ω). Then e1 = 1. But then pt =
pt−1+1

2 > pt−1,
for each t > 1, and so pt > p0 > k̂(ω). Hence, the sequence converges to the long-term
outcome of high-effort optimistic belief since limT→∞eT(pt−1) = 1 and limT→∞ pT(eT) =
1 > k̂(ω) as et = 1 for each t > 0 and limT→∞ pT(eT) = 1 = q, by Proposition 1.
On the other hand, if p0 < k̂(ω), et = e1 = 0, for each t. Hence, the sequence con-
verges to the long-term result of low-effort pessimistic belief as limT→∞eT(pt−1) = 0 and
limT→∞ pt(et) = p0 < k̂(ω) as et = 0 for each t > 0.
Suppose instead that q = 0. Then pt < pt−1 whenever et = 1. Therefore, there exists a
period tn < T such that ptn < k̂(ω). Hence, the sequence will converge to the long-term
result of low-effort pessimistic belief as limT→∞eT(pt−1) = 0, as et = 0 for each t > tn,
and limT→∞ pT(et) = ptn < k̂(ω) .
Finally, consider the case when 0 < q < 1. Suppose that there exists a tn < T in which
etn = 0. Then it must mean ptn−1 < k̂(ω). Therefore, pt = ptn−1 < k̂(ω) and et = 0 for
each t > tn. Hence, limT→∞eT(pt−1) = 1 and limt→T pt(et) = p > k̂(ω) only if et(pt) = 1
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and pt(et) > k̂(ω) for all t. Therefore, the low effort, pessimistic belief long-term outcome
is an absorbing state.
Suppose p = limT→∞ pT(et) > k̂(ω) and there exists a tn < T such that ptn < k̂(ω) . But
then, this would imply that etn = 0 and, therefore, pt = ptn < k̂(ω) for each t > tn, a
contradiction. Therefore, if p = limT→∞ pT(et) > k̂(ω), then pt > k̂(ω) for all t, and so
et = 1 for all t.
Therefore, limT→∞eT = 1, limT→∞ pT = p > k̂(ω) if and only if et(pt−1) = 1, pt(et) > k̂(ω)
for all t > 0. Suppose that et = 1 for all t. Then, there exists a finite number m such that
pt
2m < k̂, i.e. if the agent fails m consecutive times, then the agent stops exerting effort.
Since we let T → ∞, the probability of m consecutive failures converges to 1, by the sec-
ond Borel-Cantelli Lemma. Hence, the high effort, optimistic belief long-term outcome is
not an absorbing state.

■

Proof of Proposition 3. Fix p0,i = p0,j = p0,q and let ωi < ωj. Then k̂(ωi) = c
v(2ωi)

≤
c

v(2ωj)
= k̂(ωj), as v(·) is an increasing function. Each agent can reach one of the two long-

term outcomes and, in particular, will enter a pessimistic belief low-effort trap as soon as
their belief falls below the threshold, as in Proposition 2. There can be different cases de-
pending on where the prior belief lies with respect to the threshold for the disadvantaged
agent. Clearly, if k̂(ωi) > p0, then it is clear that the disadvantaged agent will be stuck in
pessimistic belief low-effort trap since t = 0. Then, the disadvantaged agent is (weakly)
more likely to enter a pessimistic belief low-effort trap . Then, let us consider the case in
which k̂(ωi) < k̂(ωj) < p0. Then, at any t,

Pr(pt,i ≥ k̂(ωi)|q) ≥ Pr(pt,j ≥ k̂(ωj)|q)

Hence, a more disadvantaged agent is more likely to enter a pessimistic belief low-effort
trap . ■
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Appendix B The Role of Farsightedness

In this appendix, we examine the implications of farsightedness for our analysis. With
forward looking behavior, the key change is that now the agent will take into account
the implications of current effort choice et on next period’s beliefs pt. We allow for the
possibility that the agent may discount future payoffs. Let 0 ≤ δ ≤ 1 denote the agent’s
discount factor.

We start by considering a one-step farsighted agent. In the myopic case, discussed in the
paper, we provided the condition for exerting effort, i.e. et = 1 iff pt−1 ≥ c

v(2ω)
. Then,

the agent will also take into account the utility derived from the effort decision in t + 1.
In this case, the decision in t + 1 will be made according to the myopic decision protocol.
First, we can easily see that if a partially farsighted agent does not exert effort at time t,
then they anticipate that they will also not exert effort at t + 1 and therefore the expected
utility of not exerting effort at t is equal to zero. On the other hand, the expected utility of
exerting effort is the following.

E1[u(et = 1, pt−1)] =pt−1(v(2ω) + δE0[u(et+1 = 1, pt)]1 pt+1
2 > c

v(2ω)

)

+ (1 − pt−1)δE0[u(et+1 = 1, pt)]1 pt
2 ≥ c

v(2ω)
− c

where we denote by E1[u] the expected utility of a one step farsighted agent and by
E0[u] the myopic expected utility. The agent will decide to exert effort at time t when-
ever this expression is greater than 0. This will induce a threshold strategy, meaning
that the partially farsighted agent will also exert effort when pt−1 > k1, where k1 =
2+δ
2δ (

√
1 + 8cδ

v(2ω)(2+δ)2 − 1) is the threshold for the one step farsighted agent. We can also

notice that k1 < k0 = k̂, as by simple computation we have E1[u(et = 1, pt−1 = k0] > 0,
and by the monotonicity of the expected utility in beliefs.
Moreover, we can also derive a different result using the same argument. Take a belief
pt−1 < k0, that is, using this belief a myopic agent will not exert effort. By continuity in δ,
there exists a value δ̄ such that whenever δ < δ̄, E1[u(et = 1, pt−1)] < 0 and therefore also
a one step farsighted agent will not exert effort.

We now move to the full farsighted case, in which the agent will discount the utility of all
T periods. First, notice that the expected utility has a recursive representation as follows

ET[u(e1 = 1, p0)] =p0(v(2ω) + δET−1[u(e1 = 1, p1)]1 p0+1
2 >kT−1

)

+ (1 − p0)δET−1[u(e1 = 1, p1)]1 p0
2 ≥kT−1

− c

Where kt is the belief threshold for an agent who considers the next t periods (a t-step
farsighted agent).

We characterize the fully farsighted case and compare the decisions of a farsighted agent
versus a myopic agent. We state a result replicating the previous argument, showing
both how the threshold moves in the case of (full) farsightedness and the combined role
of beliefs and the discount factor.

37



Proposition 4. Consider an agent who is fully farsighted, i, and a myopic agent, j. Then

(i) The threshold for the fully farsighted agent is below the myopic threshold, kT < k̂

(ii) The relation between thresholds, for any partial farsighted agent, is such that kn−1 > kn, for
each 0 < n ≤ T.

(iii) For any belief p0 < k̂ = c
v(2ω)

, there exists δ̄ such that ei
t = ej

t = 0 for each 1 ≤ t ≤ T for
the farsighted agent.

Proof. (i) Let p0 = c
v(2ω)

= k̂. We prove by induction that ET[u(e1 = 1, k̂)] > 0. We already

showed, by explicit computation, that E1[u(e1 = 1, k̂)] > 0 (and therefore k1 < k0), where
E1[u(e1 = 1, k̂)] is the expected utility of a one step farsighted agent by exerting effort
in period 1 when their initial beliefs are exactly equal to the myopic threshold. Suppose
now that the expected utility, for a n − 1-step farsighted agent (with 1 < n ≤ T), from
exerting effort in period 1 when their beliefs are equal to the myopic threshold is positive.
This first implies that the threshold kn−1 < k̂, by monotonicity of the expected utility in
beliefs. Then, the expected utility for the n-step farsighted agent is

En[u(e1 = 1, k̂)] =k̂v(2ω)− c + δ(k̂En−1[u(e2 = 1, p1)]1 k̂+1
2 >kn−1

+ (1 − k̂)En−1[u(e2 = 1, p1)]1 k̂
2≥kn−1

)

In this expression, we can see that k̂v(2ω) − c = 0, by definition of the myopic thresh-
old. Moreover, since we assumed that En−1[u(e2 = 1, k̂] > 0, then it must be that
also En−1[u(e2 = 1, p1)] > 0 as by succeeding today, the belief will increase, so that
p1 > p0 = k̂ > kn−1. But then,

En[u(e1 = 1, k̂)] > δk̂En−1[u(e2 = 1, p1)] > 0

Hence, by monotonicity of the expected utility in beliefs, kn < k̂. Therefore, for all n,
kn < k̂, and in particular the threshold of the fully farsighted agent, kT, is such that
kT < k0.

(ii) First, we show that kn > 2kn−1 − 1. The expression for the expected utility for an
n-step farsighted agent is

En[u(e1 = 1, p0)] =p0v(2ω)− c + p0δEn−1[u(e1 = 1, p1)]1 p0+1
2 >kn−1

+ (1 − p0)δEn−1[u(e1 = 1, p1)]1 p0
2 ≥kT−1

Computing this expression at kn and suppose that kn < 2kn−1 − 1. Then, kn+1
2 < kn−1

and, therefore, all continuation utilities are 0. Moreover, knv(2ω)− c < 0 as kn < k̂, from
(i). But then En[u(e1 = 1, kn)] < 0, a contradiction. Therefore, if the agent exerts effort in
the first period and succeeds, then they continue exerting effort.
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We can now rewrite the expected utility from exerting effort for a farsighted agent of the
n-step in the following way:

En[u(e1 = 1, p0)] = En−1[u(e1 = 1, p0)] + δn ∑
{pn−1>k̂}

(Πn−2
t=0 pt)E0[u(e1 = 1, pn−1)]

That is, the expected utility at step n is the sun of the expected utility at the (n − 1)th-step
plus the instantaneous utility in the last period, whenever the belief at the last stage is
above the myopic threshold. Notice that since kt < k̂, from (i), we do not need to specify
that the expected utility in the last stage is realized conditional on exerting effort in all
previous periods.
Now compute the farsighted utility expected in n-step when p0 = kn−1. By definition, we
have En−1[u(e1 = 1, p0)] = 0. Moreover, we are sure that there is an instance for which
pn−1 > k̂, which is when the agent always succeeds, from the previous point. But then,

δn ∑
{pn>k̂}

(Πn−1
t=0 pt)E0[u(e1 = 1, pn−1)] > 0

Hence, kn < kn−1, as En[u(e1 = 1, p0)] > 0 and by monotonicity of the expected utility in
the belief.

(iii) Let p0 < c
v(2ω)

. Then, any myopic agent will be stuck in the low effort trap. Moving
to the farsighted agent, we have that

ET[u(e1 = 1, p0)] =p0v(2ω)− c + δ(p0ET−1[u(e2 = 1, p1)]1 p0+1
2 >kT−1

+ (1 − p0)ET−1[u(e2 = 1, p1)]1 p0
2 ≥kT−1

)

Since we assumed p0 < c
v(2ω)

, it is easy to see that there must exist a value δ̄ such that
ET[u(e1 = 1, p0)] = 0, by the continuity of the expected utility in δ. Therefore, for each
δ < δ̄, the farsighted agent will not exert effort in the first period and, therefore, will
not exert effort in any period subsequently afterward. Hence, for each p0 < c

v(2ω)
, there

exists a threshold level on the discount factor δ̄, both the myopic and farsighted agents
will never exert effort for δ < δ̄.

■

The preceding proposition shows that introducing farsightedness makes agents more
likely to exert and sustain effort, although the extent to which they do so is linked both to
their level of discounting and to their beliefs. Finally, the result continues to hold for any
partially farsighted agent.
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Appendix C The Role of Aspirations

In this appendix, we extend our model to explicitly incorporate aspirations as follows. Let
gt ∈ {0, 2ω} denote the agent’s aspirations for outcomes in period t ≥ 0.21 We assume
that all agents start with the same initial level of aspirations, denoted by g0.

We consider two possible dynamics for aspirations. In the first case, aspirations are static:
gt = g0 for all t > 1, which means that they do not evolve in response to the outcomes
realized. This can represent, for example, an agent who sets a fixed goal early on, such as
passing an exam or securing a stable job, and does not revise it regardless of their expe-
riences. In the second case, aspirations are adaptive: gt = θt−1, which means they adjust
instantaneously to match the result achieved in the previous period. This captures agents
who continuously update their goals based on recent performance, such as a student who
raises their aspirations after good grades or lowered them after disappointing results.22

Note that beliefs and aspirations evolve differently over time. Recall that subjective be-
liefs evolve according to the following rule:

pt(et) =


pt−1+1

2 if et = 1 and θt = 2ω
pt−1

2 if et = 1 and θt = 0
pt−1 if et = 0

Thus, beliefs depend jointly on the agent’s effort choice and the realized outcome, while
aspirations depend only on outcomes. If the agent does not exert effort, their subjective
beliefs remain unchanged, but their aspirations can still adjust downward after poor re-
sults. For example, consider a student who decides not to study for an exam (that is,
et = 0). In this case, their subjective belief of success remains unchanged, as they did not
actively engage or receive feedback on the success of putting effort. However, if the stu-
dent receives a poor grade (low θt), they may revise their aspirations downward, perhaps
shifting from aiming to attend a top university to setting a more modest academic goal,
even though their beliefs of success conditional on effort have not been updated.

The instantaneous utility function for an agent is now specified as follows: U(et, θt, gt) =
v(θt) + r(θt − gt)− c(et), where following Kahneman and Tversky (1979), r(x) denotes a
value function where r(x) = ax if x ≥ 0 and r(x) = bx, if x < 0. Evidently, if a = b = 0,
the aspirations are irrelevant and we revert to the model studied in Section 2. If 0 < a < b,
an assumption we make in this throughout this appendix, aspirations will matter and the
value function will satisfy loss aversion.23

21In effect, we require aspirations to be a feasible outcome.
22Dalton et al. (2016) implicitly make the assumption that gt = θt−1. One could allow partially adaptive

aspirations of the form gt = λgt−1 + (1 − λ)θt−1, where 0 ≤ λ ≤ 1. Here, λ represents the weight the agent
places on past aspirations versus past outcomes. Our analysis focuses on the extreme cases: λ = 1 (static)
and λ = 0 (fully adaptive). However, in our two outcome setting, for intermediate cases with 0 < λ < 1,
aspirations may not be feasible.

23The value function does not satisfy diminishing sensitivity. This assumption is made for simplicity of
exposition. Allowing for diminishing sensitivity will change the formal exposition of our results without
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As before, we consider a short-term decision problem in which the agent chooses to exert
effort at time t if

E(U(et = 1, pt, gt)) > E(U(et = 0, pt, gt)),

where

EU(et = 1, pt, gt) = pt−1
[
v(2ω) + r(2ω − gt)

]
+ (1 − pt−1)r(0 − gt)− c,

and
EU(et = 0, pt, gt) = r(0 − gt).

This condition implies a threshold value, denoted by k̄(ω, gt), such that the agent exerts
effort only if

pt−1 > k̄(ω, gt) =
c

v(2ω) + [2aω + gt(b − a)]
.

Intuitively, when b > a , the agent places more psychological weight on falling short of
aspirations than on exceeding them. This increases the effective cost of failure, raising the
threshold k̄(ω, gt) and making the agent less likely to exert effort when pessimistic.

According to our assumptions — namely that a, b > 0 with b > a and that both ω and
gt are strictly positive — we have 2aω + gt(b − a) > 0. It follows that k̄(ω, gt) ≤ k̂(ω).
Thus, the additional term capturing the impact of aspirations on preferences effectively
lowers the threshold belief needed for the agent to find exerting effort worthwhile. More-
over, k̄(ω, gt) is decreasing in both ω and gt, meaning that higher circumstances or higher
aspirations reduce the belief required to justify effort. Keeping everything else constant,
an agent with a higher level of disadvantage (lower ω) will face a higher threshold than
a more advantaged agent. However, having higher (yet realistic) aspirations reduces this
threshold, thereby encouraging effort even when initial beliefs are moderate. For exam-
ple, a student with higher aspirations — such as aiming to enter a top university — will
require a lower belief threshold to justify studying hard compared to a student with lower
aspirations who only aims to pass exams, all else equal. The interaction between aspira-
tions and disadvantage shapes the agent’s willingness to exert effort over time. We now
turn to the dynamic sequence of short-term decisions that jointly determine long-term
outcomes, examining how effort, beliefs, and aspirations coevolve and settle into stable
patterns or traps.

Given ω, let (et(pt−1, gt), pt(et), gt), for t > 0, denote the sequence of short-term decisions
and the resulting update of beliefs and aspirations. The corresponding long-term result
is indicated by (eT, pT, gT), where limt→T et = eT, limt→T pt = pT, and limt→T gt = gT. As
before, when characterizing long-term outcomes, we state the results for all T > 0 or as
T → ∞ when q = 1 or q = 0. When 0 < q < 1, our focus is on the absorbing states.

changing their underlying intuition. The most general statement of assumption required on r(·) is as fol-
lows: (a) r(·) is continuously differentiable over x > 0 and over x < 0, with r′(x) > 0 for both x > 0 and
x < 0, (b) r′′(x) ≤ 0 for x > 0, (c) r′′(x) ≥ 0 for x < 0, (d)limx→0+v′(x) > limx→0−v′(x) (loss aversion), (e)
2r′(x) > r′(y) > r′(x), x > 0, y < 0.
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Note that when gt = g0 for all t > 1, we are in a setting similar to that of Section 2,
in which only beliefs evolve over time while aspirations remain fixed. In this case, re-
placing k̂(ω) with k̄(ω, g0) in Proposition 2 ensures that its characterization of long-term
outcomes continues to hold. Specifically, there will be two possible long-term outcomes:
one with high effort and optimistic beliefs, and another with low effort and pessimistic
beliefs. The former predominates the latter whenever q > k̄(ω, g0). When q = 1, if
p0 ≥ k̄(ω, g0), then the high-effort outcome is stable; the opposite holds if the inequality
is reversed. When q = 0 or 0 < q < 1, the low-effort pessimistic outcome becomes the
unique absorbing state.

We now examine two key implications of introducing fixed aspirations g0 = 2ω into
the baseline model. First, aspirations can expand the region of initial beliefs from which
optimistic, high-effort long-run outcomes emerge. Formally, the belief threshold becomes
k̄(ω, g0) ≤ k̂(ω), with strict inequality whenever g0 > 0. This means that having positive
aspirations strengthens the short-term incentive to exert effort. Consequently, when q =
1, the basin of attraction leading to long-run success is strictly larger.

However, these aspirations can generate short-term frustration if outcomes fall short of ex-
pectations. Suppose gt = g0 = 2ω for all t ≥ 0, and the agent exerts effort but observes
θt = 0. Then the agent fails to meet their aspirations despite trying, leading to frustration.
For instance, a student from a disadvantaged background may aim to attend a top uni-
versity and study diligently, but fail early tests—creating emotional or motivational costs
even when effort is exerted.

Second, when g0 = 2ω and 0 ≤ q < 1, the low-effort, pessimistic outcome becomes the
only absorbing state in the long run. In this case, even if the agent starts out with high
aspirations and exerts effort initially, they will eventually give up, leading to long-term
frustration. The resulting equilibrium is characterized by eT = 0, pT < k̄(ω, g0), and
gT = g0, with unfulfilled aspirations. The higher the structural disadvantage (ω), the
more severe this long-term frustration becomes. For example, a highly motivated student
from an extremely disadvantaged background may exert effort early on but eventually
drop out due to repeated failure, despite their initial optimism and ambition.

Next, we consider the case where aspirations are adaptive, specifically when gt = θt−1.
We now present results that are direct analogs of Propositions 2 and 3, adapted to this dy-
namic aspirations setting. These results characterize the long-run outcomes under adap-
tive goals, assess their welfare implications, and examine their local stability properties.

Proposition 5. Given ω, the long-term results, their welfare ranking, and stability are as follows.

1. Long-term outcomes: For all T > 0, there are two long-term outcomes, that is, (i) High
effort (eT = 1), optimistic beliefs and fluctuating aspirations with pT > k̄(ω, 0) and
gT ∈ {0, 2ω} and (ii) Low effort (eT = 0), pessimistic beliefs and low aspirations pT <
k̄(ω, gT), gT = 0;

2. Welfare ranking: For all T > 0, if q > k̂(ω, 0), the first long-term result with eT =
1, pT > k̄(ω, 0) and gT ∈ {0, 2ω} welfare dominates the second long-term result with
eT = 0, pT < k̄(ω, gT), gT = 0, that is, E(U|eT = 1, q, 0) > E(U|e′T = 0, q, 0).
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3. Stability:

• When q = 1, if p0 > k̄(ω, g0), the sequence converges to the first long-term outcome
(high effort, optimistic beliefs, and high aspirations); if p0 < k̄(ω, g0), it converges to
the second outcome (low effort, pessimistic beliefs, and low aspirations).

• When q = 0, the sequence converges to the second long-term outcome (low effort,
pessimistic beliefs, and low aspirations).

• When 0 < q < 1, the second long-term outcome (low effort, pessimistic beliefs, and
low aspirations) is the unique absorbing state:

lim
T→∞

eT = 0, lim
T→∞

pT < k̄(ω, 0), lim
T→∞

gT = 0,

unless effort is exerted and beliefs remain above the threshold in all T, in which case

lim
T→∞

eT = 1, lim
T→∞

pT ≥ k̄(ω, 0), gT ∈ {0, 2ω}.

Proof of Proposition 4. Consider an agent with initial circumstances denoted by ω. Recall
that for any ω, k̄(ω, 2ω) < k̄(ω, 0), and gt = θt−1.
1) Suppose limt→Tet(pt−1) = 1, then it must mean that, for all t, pt(et) > k̄(ω, gt). Then,
there exists a subsequence {pkt} which converges to a point p such that limt→T pt = p >
k̄(ω, 0). Suppose that p = limt→T pt(et) > k̄(ω, 0). Then, there exists a period tn < T such
that pt > k̄(ω, 0), for each t > tn. But then it must be et = 1 for each t > tn and therefore
limt→Tet = 1. Hence, there is a long-term outcome with high effort (e = 1), optimistic
beliefs p > k̄(ω, 0) and fluctuating aspirations gt ∈ {0, 2ω}.
Suppose now that limt→Tet(pt−1) = 0. Then, it must mean that there exists a time tn < T
such that et = 0 for each . This implies that gt = 0 and pt = p < k̄(ω, 0) for all tn < t ≤ T,
and it must be limt→T pt(et) = p < k̄(ω, 0). Suppose that limt→T pt(et) = p < k̄(ω, 0).
Then, there exists a time tn for which pt < k̄(ω, 0), for each tn < t ≤ T, which implies
et = 0 for all tn < t ≤ T and so limt→Tet(pt−1) = 0. Hence, there is a long-term outcome
with low effort (e = 0), low aspirations (gt = 0) and pessimistic beliefs p < k̄(ω, 0).

2) Suppose that q > k̄(ω, 0). Then q(v(2ω) + r(2ω − gt))− c > q(v(2ω) + r(2ω))− c > 0.
The expected utility of long-term results with high effort is E(U|eT = 1) = q(v(2ω) +
r(2ω − gt)), while the expected utility of long-term results with low effort is E(U|e′T =
0) = 0. Hence, q > k̄(ω, 0) implies E(U|eT = 1) > E(U|e′T = 0).

3) Suppose q = 1. Assume p0 ≥ k̄(ω, g0). Then e1 = 1. But then pt = pt−1+1
2 > pt−1,

for each t > 1, and so pt > p0 > k̄(ω, g0) ≥ k̄(ω, 2ω). Hence, the sequence converges
to the long-term result of high-effort optimism and high aspirations since limT→∞eT = 1
and limT→∞ pT = 1 > k̄(ω, 2ω) as et = 1 for each t > 0, limT→∞ pT = 1 = q similar to
Proposition 1 and gt = 2ω, for each t > 0. On the other hand, if p0 < k̄(ω, g0), et = e1 = 0,
for each t. Hence, the sequence converges to the low-effort pessimistic belief and the long-
term result of low aspirations such as limT→∞eT = 0, limT→∞ pt = p0 < k̂(ω) as et = 0 for
each t > 0, and gt = 0 for each t > 0.
Now suppose that q = 0. Then gt+1 = 0 and pt < pt−1 whenever et = 1. Therefore, there
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exists a time t′ such that pt′ < k̄(ω, 0). Hence, the sequence will converge to the long-term
result of low-effort pessimistic belief and low aspirations such as limT→∞eT(pt−1) = 0,
et = 0 for each t > t′, limT→∞ pT(et) = p′t < k̄(ω, 0) for each t > t′ and gt = 0 for each
t > t′.

Finally, take the case where 0 < q < 1. Suppose that there exists a t′ in which et′ = 0.
Then it must mean pt′−1 < k̄(ω, gt) < k̄(ω, 0). Therefore, pt = pt′−1 < k̄(ω, 0), et = 0 and
gt = gT for each t > t′. Hence, limT→∞et = 1 and limt→T pt(et) = p > k̄(ω, gt) only if
et(pt−1, gt) = 1 and pt(et, gt) > k̄(ω, gt) for all t.
Suppose p = limT→∞ pT(et) > k̄(ω, gt) and there exists a t such that pt < k̄(ω, gt) <
k̄(ω, 0) . But then, this would imply that pT = pt < k̄(ω, 0) for each T > t, a contradiction.
Therefore, if p = limt→T pt(et) > k̄(ω, 0), then pt > k̄(ω, 0) for all t, and so et = 1 for all t.
Therefore, limT→∞et = 1, limT→∞ pT > k̄(ω) if and only if eT = 1, pT > k̄(ω, 0) for all
T > 0. ■

As in Proposition 2 above, Proposition 4 shows that there are only two possible long-term
outcomes. In the first, the agent exerts effort, maintains sufficiently optimistic beliefs,
and maintains aspirations that may fluctuate over time. In the second, the agent stops
exerting effort altogether, holds pessimistic beliefs, and settles into the lowest possible as-
piration level. Effort, aspirations, and beliefs evolve together in a mutually strengthening
way. When the agent exerts effort, the results may vary, causing the aspirations to fluc-
tuate rather than converge. This dynamic can result in periods where aspirations are not
fully met, even with effort. In contrast, once the agent stops exerting effort, both beliefs
and aspirations stagnate at low levels permanently. The first long-term outcome welfare
dominates the second whenever the objective probability q is sufficiently high (that is,
q > k̄(ω, 0)), although it is also less stable.

As before, the stability properties of the two long-term outcomes depend on the value
of q. Although intuition is similar to that of Proposition 2, it is worth noting that in the
special case where q = 1, Proposition 4 exactly generalizes the failure of poverty and the
aspirations result in Dalton et al. (2016). In this case, there are two regions separated by
k̄(ω, 0). If p0 < k̄(ω, 0), then pT = p0, gT = 0, and eT = 0 for all T > 0. In contrast, if
p0 ≥ k̄(ω, 0), then limT→∞ pT = 1, gT = 2ω, and eT = 1 for all T > 0. Thus, depending on
the initial configuration of beliefs, an individual may either be trapped in a pessimistic,
low-aspiration, low-effort state or escape to the welfare-dominant, high-effort outcome.
Moreover, the likelihood of being stuck in the trap is higher, the more adverse their initial
circumstances. The intuition for the general case where 0 < q < 1 is similar is omitted
here for brevity.

To formalize the idea of agents getting stuck in the undesirable long-term state described
above, we define the notion of a pessimistic, fatalistic, low-effort trap.

Definition 2. Given ω and T > 0, a pessimistic, fatalistic low-effort trap is a long-term outcome
(eT, pT, gT) such that eT = 0, limT→∞ gT = 0, and pT < k̄(ω, 0) < q.

In a pessimistic, fatalistic low-effort trap, the agent acts suboptimally by not exerting
effort. Beliefs about the returns to high effort can only be updated - and aspirations can
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avoid getting stuck at a low level (i.e., fatalism) — if the agent persistently exerts high
effort. However, such a sustained effort requires sufficiently optimistic beliefs and the
willingness to occasionally endure frustration when aspirations are not immediately met.

The second result of this section highlights how greater disadvantage increases the likeli-
hood that an agent becomes trapped in a pessimistic, fatalistic, low-effort equilibrium.

Proposition 6. The relationship between disadvantage, pessimism, and fatalism is as follows.
Consider two agents i and j, where agent i is disadvantaged relative to agent j, that is, ωi < ωj.
Given any T > 0, the probability that agent i becomes trapped in a pessimistic, fatalistic, low-effort
trap is strictly greater than that of agent j.

Proof of Proposition 5. Fix p0,i = p0,j,q, an initial common aspiration level g0. Then k̄(ωi, g0) =
c

v(2ωi)+[2aωi+g0(b−a)] ≤ c
v(2ωj)+[2aωj+g0(b−a)] = k̄(ωj, g0), as v(·) is an increasing function.

Each agent can reach one of the two long-term outcomes and, in particular, will enter a
pessimistic belief low-effort trap as soon as their belief falls below the threshold, as in
Proposition 3. Like in the case of Proposition 3, there can be different cases depending
on where the prior belief lies with respect to the threshold for the disadvantaged agent.
Clearly, if k̄(ωi, g0) < p0, then it is clear that the disadvantaged agent will be stuck in
pessimistic belief low-effort trap since t = 0. In this case, it is clear that the disadvan-
taged agent is (weakly) more likely to enter a pessimistic belief low-effort trap . Then,
we can focus on the case in which k̄(ωj, g0) < k̄(ωi, g0) < p0. Given that the two agents
share the same initial prior, the same objective probability of success and the same level
of aspiration, it is easy to see that, at any t,

Pr(pt,i ≥ k̄(ωi, gt)|q) ≥ Pr(pt,j ≥ k̄(ωj, gt)|q)

for any gt ∈ {0, 2ω}. ■

Hence, a more disadvantaged agent is more likely to enter a pessimistic belief low-effort
trap .

The reasoning is similar to that noted for Proposition 3 above, with the additional obser-
vation that aspirations and beliefs interact in mutually complementary ways with effort
choices; for brevity, we do not repeat the detailed argument here. Thus, the higher the
level of disadvantage, the greater the likelihood that the individual will neither believe in
nor aspire to their own potential.

Building on this, it is important to note that both frustration (when gt = g0 for all t > 1)
and fatalism (when gt = θt−1) are long-term outcomes consistent with pessimistic beliefs
and low effort. Hence, a lack of grit is closely related to both frustration and fatalism in
the long run.

When aspirations are exogenous and lead to long-term frustration, interventions that
boost grit (along the lines discussed in Section 3) have the added benefit of not only in-
creasing persistence but also reducing frustration. In addition, exogenously raising as-
pirations can make it more likely that the agent will exert effort, although it may also
increase the risk of long-term frustration if aspirations are not met.
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When aspirations evolve over time, an intervention that increases grit by establishing
a lower bound on beliefs - together with an intervention that maintains a high level of
aspirations — can be particularly effective in sustaining effort over time. Formally, since
k̄(ω, g) decreases in both ω and g, an intervention that ensures that aspirations always
remain high (so that gt = 2ω for all t ≥ 0) and sets a lower limit on beliefs (pt > k̄(ω, 2ω)
for all t ≥ 0) will lead to welfare gains whenever q > k̄(ω, 2ω). Notice that this condition
on q - that is, q > k̄(ω, 2ω) - is weaker than the condition q > k̄(ω, 0) in Proposition
5. This is because, in Proposition 5, aspirations could fluctuate and potentially drop to
zero, whereas here the intervention ensures that aspirations remain fixed at their highest
possible value. In this case, the relevant threshold is k̄(ω, 2ω) rather than k̄(ω, 0).

A concrete illustration of this idea is connecting the agent with a role model whose cir-
cumstances are only slightly more advantageous (so that ωk − ω < ϵ) and who maintains
high aspirations (gt,k = 2ωk). This interaction can help anchor the agent’s own aspirations
at a high level (gt = 2ω for all t ≥ 0). Under these conditions, the agent will continue
to choose effort even after failures or setbacks. Over time, this guaranties convergence to
the optimistic, high-effort long-term outcome, which welfare dominates the pessimistic,
low-effort alternative. Although temporary episodes of frustration may occur (since as-
pirations are not always immediately achieved), these episodes act as motivators rather
than leading to resignation. In this sense, interventions that maintain high aspirations
and beliefs actively guard against fatalism — the state where individuals stop aspiring
and stop trying altogether - which is especially detrimental to developing and maintain-
ing grit.
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Appendix D Disadvantage and the Objective Probability
of Success

In this appendix, we study the implications of a world in which disadvantage negatively
affects the objective probability of success but does not affect the returns to effort.

The objective probability of success, q, is now a function of disadvantage, q(ω), with the
assumption that ∂q

∂ω > 0, that is, for the same level of effort, a higher level of disadvantage
reduces the objective probability of success. As in the graph below, we do not impose any
additional assumption on the shape of this relation. For simplicity, we will now assume
that the returns to effort are independent of the level of disadvantage. This also implies
that the threshold level for beliefs k̂ is independent of ω. Crucially, the decision rule has
not changed, so an agent will exert effort (set e = 1) if pt−1 ≥ k̂ = c

v̄ , where v̄ is the utility
associated with success.

We can draw the counterpart of Figure 1 for this different version of the model.

1

k̂

q(ω)

A

D

C

B
A Optimal et = 0

B Suboptimal et = 1

C Suboptimal et = 0

D Optimal et = 1

ω

pt−1

Figure 4: Short run decisions

In this case, the horizontal line will be the threshold k̂ as this does not depend on the
disadvantage, while instead the curve is the objective probability of success, which is
now a non-decreasing function of ω. The four areas identified in the graph mirror the
ones in the main model, since the decision rule, which depends on the relative position
between the threshold and the belief, and the optimality condition, which depends on
the relative position of the threshold and the objective probability of success, have not
changed. Therefore, regions A and C still characterize low effort exertion, as the belief is
below the threshold, while in regions B and D an individual will be optimistic enough
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to exert effort. The regions A and B define the areas in which the optimal effort level is
0, since q is below the threshold, while in the regions C and D the optimal effort is 1.
Combining these two, we can deduce that in regions A and D the short term decision is
the optimal one, while in regions B and C the short term decision is suboptimal.

Moving to long term outcomes, we can first see that there can exist thresholds
¯
ω and ω̄,

such that q(ω̄) = 1 and q(
¯
ω) = 0 and all agents with ω above ω̄ will have q(ω) = 1 and

all agents with ω below
¯
ω will have q(ω) = 0; because of the non decreasing assumption

on the relation between q and ω, all agents with
¯
ω < ω < ω̄, will have intermediate

objective probability of success, i.e. 0 < q(ω) < 1 This means that we allow for extremely
disadvantaged individuals who have no chance of succeeding and on the other extreme,
extremely advantaged agents whose success is certain. We can immediately notice that
for values of ω below

¯
ω and above ω̄, the analysis from the previous model with q = 0

and q = 1 continues without changes. For extremely disadvantaged agents ω ≤
¯
ω, it

is never optimal to exert effort, and indeed they can only exert effort for a finite number
of periods after which their belief will inevitably fall below the threshold. On the other
hand, for an extremely advantaged agent ω ≥ ω̄, initial beliefs play a crucial role in their
long term outcomes: if their initial belief is below the threshold, then they will be stuck
in a trap; if instead they are moderately optimistic, then their beliefs will approach 1 and
they will continue to exert effort. For intermediate levels of disadvantage, the same result
applies: the only stable long term outcome is a trap. Therefore, we can restate Proposition
2 for this model.

Proposition 7. Given ω, the long-run outcomes, their welfare ranking and stability is as follows:

1. Long-run outcomes: For all T > 0, there are two long-run outcomes, that is, (i) High effort
(eT = 1) and optimistic beliefs pT ≥ k̂, and (ii) Low effort (eT = 0) and pessimistic beliefs
pT < k̂;

2. Welfare ranking: For all T > 0, if q > k̂, the first long-term outcome with eT = 1, pT >
k̂(ω) welfare dominates the second long-term outcome with eT = 0, pT < k̂, that is,
E(u|eT = 1, q(ω)) > E(u|eT = 0, q(ω)).

3. Stability:

• When ω ≥ ω̄ ( q(ω) = 1 ), if p0 ≥ k̂, the sequence converges to the first long-term
outcome (high effort, optimistic beliefs); if p0 < k̂, it converges to the second outcome
(low effort, pessimistic beliefs).

• When ω ≤
¯
ω ( q(ω) = 0 ), the sequence converges to the second long-term outcome

(low effort, pessimistic beliefs).

• When
¯
ω < ω < ω̄ ( 0 < q(ω) < 1 ), the second long-term outcome (low effort,

pessimistic beliefs) is the unique absorbing state: limT→∞ eT = 0, limT→∞ pT < k̂.

Proposition 3 can also be restated as now more disadvantaged agents, by assumption,
have a lower objective probability of succeeding, and therefore have a higher probability
of their subjective beliefs falling below the threshold value k̂ = c

v̄ . Therefore, we can
restate the previous Proposition 3 for this model.
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Proposition 8. The relationship between disadvantage and pessimism is as follows. Consider two
agents i, j with intermediate levels of disadvantage where agent i is more disadvantaged than agent
j, that is,

¯
ω ≤ ωi < ωj ≤ ω̄ and a common value of initial beliefs p0,j = p0,i. In a long-term

outcome, for all T > 0, the likelihood that agent i is stuck in a pessimistic low-effort trap is greater
than that of agent j.

Once we established that the results of the main model are robust to this new specifica-
tion, it is easier to see that the policy implications are also consistent. Given that the only
long term outcome that is stable is the pessimistic low effort one, no policy alone, whether
it is a reduction in the disadvantage or a reduction of the threshold, can revert this and
induce agents to reach the optimistic high effort long term outcome; these interventions
might mitigate the emergence of a pessimistic belief low-effort trap by delaying it and
increase the expected periods in which agents are exerting effort. Therefore, also in this
framework, there is a large scope for grit interventions to ensure that even disadvantaged
agents continue to exert effort.

Moreover, in this framework it is clear how affirmative action can affect the relationship
between disadvantage and the objective probability of success for more disadvantaged
groups. Although we assumed a relationship between disadvantage and q, policies aimed
at increasing the probability of success for highly disadvantaged agents can have a longer
lasting impact, as long as the agents start optimistic enough. For example, diversity-
based hiring policies might induce members of a disadvantage minority to maintain high
effort as the chance of success increased, allowing the continuation of effort exertion by
increasing the probability of keeping beliefs above the threshold.

Finally, note that all results would still hold even if we constructed a model in which
disadvantage affected both the objective probability of success and the returns to effort,
provided that the directions of these relationships are consistent with those in the main
model and in this extension. In that case, more disadvantaged agents would be both more
likely to fail and more likely, upon failure, to have their beliefs fall below the threshold.
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Appendix E Prior over q

In this appendix, we assume that q ∈ {qL, qH}. Let P0 denote the prior probability that
q = qH. We assume that this distribution is i.i.d. over time. For each t > 0, posterior
beliefs are updated following the Bayes rule:

Pt(et) =


Pt−1qH

(1−Pt−1)qL+Pt−1qH
if et = 1 and θt = 2ω

Pt−1(1−qH)
(1−Pt−1)(1−qL)+Pt−1(1−qH)

if et = 1 and θt = 0

Pt−1 if et = 0

As before, the agent has to exert effort to update their prior probability on q. We begin by
proving the analog of Proposition 1, except that instead of convergence in expectations,
conditional on et = 1 for all t ≥ 0, we now obtain point-wise convergence to the true
value of q:

Proposition 9. If 0 < P0 < 1, conditional on q = qH (respectively, q = qL) limt→∞E(Pt) = 1
(respectively, limt→∞E(Pt) = 0) if et = 1 for all t ≥ 1.

Proof of Proposition 8. Suppose without loss of generality q = qH. There are two steps.
First, consider the likelihood ratio P(θ1,....,θT |qL)

P(θ1,....,θT |qH)
. We need to show that the likelihood ra-

tio converges to zero in probability as T tends to infinity. Let ZT = log( P(θ1,...,θT |qL)
P(θ1,...,θL|qH)

) =

log(∏T
t=1(

P(θt|qL)
P(θt|qH)

)) = ∑T
t=1(log( P(θt|qL)

P(θt|qH)
) (where we have used the independence prop-

erty). Then, using Jensen’s inequality, we have the following:

E(−∑T
t=1(log( P(θt|qL)

P(θt|qH)
))) = −∑T

t=1 P(θt|qH)log( P(θt|qL)
P(θt|qH)

) ≥ −log(∑T
t=1 P(θt|qH)(

P(θt|qL)
P(θt|qH)

)) =

0 .

Hence, E(−∑T
t=1(log(P(θt|qL)

P(θt|q)
))) ≥ 0 with exact equality if P(θt|qH)

P(θt|qL)
=

P(θ′t|qH)
P(θ′t|qL)

for all t, t′ >

0. It follows that limT→∞(P(−ZT ≥ c) = 1) for some c > 0, or equivalently, the likelihood
ratio P(θ1,....,θT |qL)

P(θ−1,....,θT |qH)
converges to zero in probability. So, we have verified that the likeli-

hood function is a test function satisfying Schwartz’s Theorem 3.5 (see Schwartz (1965)).
Second, since qH has a positive prior probability (P0 > 0), both conditions of Schwartz’s
Theorem 3.5 are satisfied. It follows that Pt converges to 1. Symmetric results hold when
q = qL and when 0 < P0 < 1. ■

The preferences remain unchanged. Therefore, following our short-term decision-protocol,
an agent will choose to exert effort in the period t iff E(u|et = 1, Pt−1) = Pt−1v(2ω)− c ≥
0 = E(u|et = 0, Pt−1). so that in a short-term decision problem, et(Pt−1) = 1 iff

Pt−1 ≥ k̂(ω) =
c

v(2ω)
.

Suppose that qL < k̂ < qH and q = qH. Then, replacing using Pt instead of pt throughout
Propositions 2 and 3, it follows that an agent can get such in a pessimistic low effort trap
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when q = qH and there will be multiple long-term outcomes ranked with welfare with
the pessimistic low effort trap as the only absorbing state and the likelihood of getting
such a trap for fine T is higher, the higher the degree of disadvantage of the agent. For
completeness, we state the exact analog of the two Propositions. The proofs of the two
Propositions are identical to those of Propositions 2 and 3 (simply replace p0 and pt with
P0 and Pt) and are omitted for brevity.

Proposition 10. Suppose q ∈ {qL, qH} with prior 0 < P0 < 1 and qL < k̂(ω) < qH. Given
ω, and q = qH, the long-term results, their welfare ranking, and stability are as follows. begi-
nenumerate element long-term outcomes: For all T > 0, there are two long-term outcomes, i.e.,
(i) High effort (eT = 1) and optimistic beliefs PT ≥ k̂(ω), and (ii) Low effort (eT = 0) and pes-
simistic beliefs PT < k̂(ω); item welfare ranking: For all T > 0, the first long-term outcome with
eT = 1, PT > k̂(ω) welfare dominates the second long-term outcome with eT = 0, PT < k̂(ω),
that is, E(u|eT = 1, q) > E(u|eT = 0, q).

Stability:

• When qH = 1, if P0 ≥ k̂(ω), the sequence converges to the first long-term outcome (high
effort, optimistic beliefs); if P0 < k̂(ω), it converges to the second outcome (low effort,
pessimistic beliefs).

• When 0 < qH < 1, the second long-term outcome (low effort, pessimistic beliefs) is the
unique absorbing state: limT→∞ eT = 0, limT→∞ PT < k̂(ω).

Proposition 11. The relationship between disadvantage and pessimism is as follows. Consider
two agents i, j with intermediate levels of disadvantage where agent i is more disadvantaged than
agent j, that is, ωi < ωj and a common prior over {qL, qH}, P0,j = P0,i. In a long-term outcome,
for all T > 0, the likelihood that agent i is stuck in a pessimistic low-effort trap is greater than that
of agent j.

It is perhaps useful to relate the above results to those obtained in one-armed bandit
problems where decision-makers are Bayesian and far-sighted. The key result for our
purposes is the one in which, once the known arm (in our case, low effort) is chosen, it
is also chosen in all subsequent stages (Lemma 4.1 in Bradt 1956). This preserves the key
feature of our short-term decision-protocol that once the decision-maker chooses low ef-
fort, then they do so in all subsequent periods of time, a key step in showing the existence
of multiple welfare ranked long-term outcomes in Propositions 9 and 10 above.

However, with farsightedness, as before, there cannot be multiple, welfare ranked out-
comes as in these two propositions, although the unique outcome could be welfare dom-
inated because the agent is stuck with the wrong beliefs.

To see this, consider a T period model. Suppose PT−1 < k̂. and Then, in the last pe-
riod T, no effort will be exerted and PT−1 = PT . It follows that either PT−2 < k̂ or

PT−2(1−qH)
(1−PT−2)(1−qL)+PT−2(1−qH)

< k̂. Assume that PT−2 < k̂ . Then, again, given that eT = 0,
eT−1 = 0 and PT−2 = PT−1 = PT. Proceeding iteratively backwards, it follows that if P0 <

k̂ and et = 0 and Pt = P0 for all t = 1, ..., T. Hence, if P0 < k̂ or P0(1−qH)
(1−P0)(1−qL)+P0(1−qH)

< k̂,
a fully farsighted agent can choose optimally not to exert effort all 0 < t < T. In this
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case, the agent will be stuck with wrong beliefs and the unique outcome will be welfare
dominated if q = qH > k̂. Note that any intervention that changes P0 above both thresh-
old values will result in welfare improvements, and the earlier this is done, the higher the
welfare gains.
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