ok

ELSEVIER

Review

Available online at www.sciencedirect.com

ScienceDirect

Self-control and limited willpower: Current status of
ego depletion theory and research
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Ego depletion theory proposes that self-regulation depends on
a limited energy resource (willpower). The simple initial theory
has been refined to emphasize conservation rather than
resource exhaustion, extended to encompass decision
making, planning, and initiative, and linked to physical bodily
energy (glucose). Recent challenges offered alternative ex-
planations (which have largely failed) and questioned replica-
bility (which has now been well established). Methods have
improved, particularly with emphasis on longer, stronger ma-
nipulations to ensure fatigue. New work extends ego depletion
into workplace settings and sports. Interpersonal conflict may
be both a major cause and consequence. New questions
include the possibility of chronic ego depletion (e.g., in
burnout), protective factors and coping strategies, individual
differences, and recovery processes.
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Introduction

Self-regulation is central to what the self is and how it
functions. Good self-control confers many benefits, from
career success to good social relationships to longevity.
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A limited resource model of self-regulation was first
proposed in the mid-1990s, at a time when psychology
focused mostly on information processing theories rather
than energy or resource theories. Nevertheless, the
accumulating evidence, along with an influx of biological
approaches into psychology, rendered it increasingly
plausible and influential. It underwent a series of re-
finements as new evidence led to changes. After about
twenty years, it came under fire from two sources of
criticism. Since then it has emerged newly confirmed and
strengthened, and researchers continue to find new
methods and applications. This article will provide a brief
overview of this history. It will emphasize recent and
current developments — but some understanding of the
prior background is essential context for those.

Original idea

A review of diverse early literatures on self-regulation
led to the somewhat surprising notion that self-
regulation depended on a limited energy resource,
similar to the folk notion of willpower [1]. One impli-
cation was that when people exerted self-control, they
would deplete their willpower, so that if another self-
regulation task were presented, people would perform
worse than usual.

Early experiments confirmed this pattern [2]. The state
of reduced willpower, as seen mainly in poor self-
regulation performance, was dubbed ego depletion.
The essence of the idea was that effortful self-regulation
consumes energy, and until it can replenish, further acts
of self-control will be less effective than usual.

Extending the theory

The view of the self as becoming unable to self-regulate
due to having run out of energy was quickly discarded in
favor of a conservation theory: The body naturally con-
serves its energy, and after it has expended some energy,
it reduces further exertions so as to conserve what re-
mains [3]. Further work showed that ego depletion
affected not just self-regulation but several other exec-
utive functions. Decision making, rational intelligent
thinking, planning, and initiative all used the same
resource, so depletion caused by one of these could
affect any of the others [4]. Other developments pur-
sued links to the body’s energy system (self-control
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requires glucose in bloodstream [5]) and personality
traits (people with good self-control use it to form good
habits and break bad ones, so their lives are both easier
and better than those of low self-controllers; [6]).

Another issue is what resource is depleted. Physiological
approaches appeal to metabolic resources, glucose
depletion being one main candidate (see Ref. [5], for a
review). The “waste disposal hypothesis” [7] proposes
instead that resource depletion corresponds to the
accumulation of a toxic waste product in neutral tissue

(amyloid-beta). Others propose that the intense use of
glucose leads to the production of metabolites, espe-
cially adenosine, that weaken the brain’s connectivity
[4,8]. Glutamate, which may be toxic for neurons, may
also accumulate in brain regions involved in self-control
after hours of cognitive work [9].

Two challenges

As research findings supporting, extending, and applying
ego depletion multiplied, it came under fire from two
separate challenges. Table 1 summarizes these and the

Table 1

Recent challenges, broader context, and future opportunities in ego depletion research.

Challenges to Ego Depletion

Broader Context

Opportunitiesfor Future Research

Some authors questioned the
reality of ego depletion effects
after claiming that replications
failed, though the replications
typically substituted weaker
manipulations rather than the
original protocol.

Lack of motivation is proposed as
an alternative explanation for the
effects of willpower. In this view,
ego depletion is a misnomer. As
opposed to depleted willpower
(or ego), a lack of motivation after
initial exertion explains lower
performance or perseverance
reported in ego depletion
studies.

Ego depletion effects are due to
beliefs about willpower rather
than the depletion of an actual
limited resource.

Research showing that
incentivization reduces ego
depletion challenges notion that
ego depletion effects are due to
lack of internal resources.

Ego depletion research has
stagnated (failed to move
forward in new directions) due to
controversy about failed
laboratory replications.

Hundreds of successful replications
support the existence of ego depletion.
The failed replications reported in the
multi-site study were due to ineffective
manipulations. Follow-up analyses of the
multi-site study revealed that ego
depletion was supported to the extent that
the weak manipulation created different
levels of ego depletion.

Multiple research teams have investigated
lack of motivation as an alternative
explanation for experimental results and
have found no differences in motivation
across experimental groups.

Although beliefs about whether willpower
is limited (or not) produce small, consistent
effects, these beliefs do not fully account
for observed effects. Nevertheless, Ego
Depletion Theory has been updated to
incorporate beliefs as moderating factors
in ego depletion.

Ego Depletion Theory has been revised to
account for this research. Previous
explanations assumed that individuals
failed to exhibit self control because they
ran out of energy. Now, ego depletion
effects are considered to be the result of
the body naturally conserving its remaining
energy. In order to conserve energy, the
body reduces further exertions unless
other moderating factors (such as
incentives) counteract conservation
tendencies.

Although debates about replication slowed
progress in ego depletion research, its
effects are now being further investigated
in a variety of field contexts including
sports, work, and interpersonal conflict.

Manipulation checks should ensure that depletion actually
occurs and that the control condition is not depleting

Further research should consider the role of motivation more
thoroughly. Researchers may investigate various contexts in
which effort might reduce motivation. They may also
consider alternative forms of measuring motivation (other
than self-report).

Future research should explore why implicit beliefs about
willpower influence self-control. Studies may investigate
whether beliefs influence the rate of depletion.

Further replication of conservation effects is promising.
Complete exhaustion of willpower will not be seen in
laboratory studies and probably not in real life. Intense use of
cerebral glucose produces metabolites (e.g., adenosine,
glutamate) that signal the brain to withdraw effort, thereby
reducing task performance.

Future research can advance the field by moving beyond
whetherego depletion matters into why ego depletion effects
occur (mediating factors), and when ego depletion is most
likely to occur or not (moderatoring factors). Investigating the
role of situational contexts, emotions, and beliefs (about the
self, the situation, or the task) will help to advance current
theory. Future research may also explore factors that
influence temporary versus chronic fatigue.
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field’s responses. One offered an alternate explanation,
while the other denied that the effect exists. Obviously,
(at least) one of these must be completely wrong,
because there cannot be a valid alternate explanation for
a nonexistent effect.

The alternative theory focused on changes in motivation
[10]. It said, instead of depleted willpower, the effects
were due to disengagement, to feeling that one has
already exerted oneself and does not owe any further
effort. Many of us immediately began to ask research
participants how motivated they were to do well on the
second task. But we never found any differences, nor,
apparently, do other laboratories.

Meanwhile, the denial of the reality of the effect was
prompted by a big multi-laboratory ostensible replica-
tion effect that failed [11]. It was not in fact a replica-
tion of any previous study. It found no effects but
apparently it failed to manipulate ego depletion — thus
it did not test the hypothesis. The failure was widely
publicized, convincing many that ego depletion was not
real. A reanalysis of the data by a different lab [12]
vindicated ego depletion but was not publicized. It
showed that ego depletion was significantly supported
to the very limited extent that the weak manipulation
managed to create different levels of ego depletion.

Most multi-site replications in social psychology fail
[13], often because of inadequate manipulation. A
gigantic enterprise seeks to minimize the work of many
experimenters but in the process undermines effects. As
of 2022, there had been 36 major multi-site replication
attempts across all of social psychology, and only four
had succeeded. A few more had mixed, inconclusive
results, while the remaining three-fourths were com-
plete failures.

Importantly, one of the successful four upheld ego
depletion [14]. This success, combined with the general
record of hundreds of successful replications, almost no
significant findings in opposite direction, plus pre-
registered successful replications, and abundant and
diverse real-world evidence, constitute a strong argu-
ment that ego depletion is one of the very best repli-
cated findings in social psychology [15].!

We note that a highly vocal minority of psychologists
remains skeptical of ego depletion. They typically ignore
the successful replications and focus on failures. Some
point to yet another multi-site replication attempt [44].
It was coordinated by Kathleen Vohs, a leading
researcher in the area. Unfortunately constrained by the

! We invite disagreement and always ask readers/listeners to nominate a social
psychology finding that they think has a better replication record. In the past two years,
only one nomination has been received. If ego depletion were difficult to replicate, it
should be easy to name half a dozen other findings with better records, but apparently

it is not. Failures to replicate ego depletion are mostly operational failures, thus they
never tested the hypothesis.
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Table 2

Checklist for best practices for successful replication of ego
depletion effects.

Longer and stronger manipulations produce more reliable results

Manipulation check should ensure substantial increase in fatigue

Control condition cannot be boring or otherwise depleting

Live personal interaction with experimenter increases participant
engagement

Ensure manipulations and measures are suitable for participant
population

Careful attention to dropout rates, especially differential attrition

Possibly check moderation by Depletion Sensitivity Scale [45]

Possibly early practice on dependent measure task (to avoid
learning confounds or establish baseline)

convenience requirements of multi-site projects, Vohs
and colleagues settled for brief and weak manipulations.
Their results were thoroughly inconclusive: They ob-
tained a significant supportive effect with their full
sample, but unexpectedly excluding over a thousand
participants based on preregistered criteria dropped the
effect out of significance. Consistent with best prac-
tices, they wrote the report featuring both analyses, but
the journal editor directed them to feature the nonsig-
nificant result while consigning the supportive signifi-
cant finding to supplementary online materials. This
anecdote converges with other evidence that journal
editors prefer to published failed replications [13], but
it encourages skeptics to treat it as evidence against the
phenomenon. Regardless, it is important to know that
skepticism remains. Table 2 provides a checklist to assist
in successful replication.

These controversies reduced progress in what had been
a thriving area with new ideas and refinements coming
from multiple sources. It was necessary to go back and
re-establish the basic phenomenon, rather than moving
forward into new areas. However, progress has
resumed. New evidence continues to come out to
confirm basic points, such as the detriment to good
behavior: Laboratory participants quit faster on a task
and also cheated more following a depletion manipu-
lation [16]. A large recent study found strong evidence
of ego depletion, including sleep-like patterns in the
brain and increase in antisocial behavior — using a
strong manipulation (45 min spent on three different
depleting tasks) [46].

Advances in methods

We now know how to produce highly replicable effects
across multiple laboratories. First off, it helps to use a
longer and more effortful manipulation (e.g., Ref. [17]).
Ego depletion is a kind of mental fatigue, and fatigue is
more pronounced after 20 min than after 5. The longer
the depleting task, the stronger the effects of deterio-
ration on subsequent physical performance [18].

www.sciencedirect.com
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Moreover, tasks involving cognitive flexibility, updating
of working memory, and inhibitory control, are good
candidates for generating effortful control costs [8,19]
and inducing the ego-depletion effect [14,17,20,21].
The control task also should be careful not to require
self-regulation: A boring control condition is also
depleting [17].

A number of studies have used self-report measures of ego
depletion rather than manipulating it (e.g., Ref. [22]).
Two 3-item measures were developed for experience
sampling research, which requires brevity [23].

Athletic performance

Recently, sport science has been a fertile area for ego
depletion research. These studies extend the basic work
by showing that physical performance can be impaired
by mental fatigue. For example, ego depletion has been
shown to impair accuracy when throwing darts or
shooting basketballs [24,25], as well as reduced endur-
ance [26] and slower reaction speed when starting a race
[27]. Several meta-analyses have established the harm-
ful effects of mental fatigue and ego depletion on ath-
letic performance generally [28—30]. Professional
footballers making football (soccer) decisions in a
distracting environment became less accurate after a
depletion manipulation [31].

Workplace applications

Decision fatigue and self-regulatory depletion are rele-
vant to the psychology of work, given that people must
often make decisions and discipline themselves to
perform difficult tasks. Sure enough, ego depletion is
damaging. Traffic court judges became less likely to
dismiss charges at the end of a court session, suggesting
decision fatigue, and indeed the longer the time since
the judge’s last rest break, the lower the probability of
dismissal [32].

Working with people from other organizations is more
depleting than working with members of one’s own
organization, possibly because of the lesser shared
culture [33]. Furthermore, people who identify more
strongly with their organization become more depleted
when doing difficult tasks, possibly because they
work harder.

Trying to take charge at work by making suggestions or
introducing new procedures in the morning led to
feeling more depleted later on — but only among
people who felt they had little control over their work.
Among those feeling more control generally, taking
charge led to reporting less ego depletion [22].
Meanwhile, taking charge in the afternoon reduced ego
depletion, suggesting “the vitalizing potential of
proactivity.” Thus, exerting control may be depleting,

but if effective it can
reducing depletion.

improve things, thereby

Indeed, some jobs are so depleting that they raise the
possibility of chronic depletion [34]. Listening to a
speech in one language while speaking it in a second
(simultaneous translation) is so depleting that it has
been used as a depletion induction procedure [35].

Interpersonal conflict

One recent shift of emphasis has been highlighting
interpersonal conflict as a major cause of ego depletion
in daily life. The lab studies hardly ever used this,
instead manipulating and measuring depletion with
solitary task performances. But the first big experience
sampling study of ego depletion in daily life found large
effects in both directions: low or depleted self-control
creates more interpersonal conflict, and more interper-
sonal conflict leads to depletion [23]. This obviously
suggests ominous potential for vicious circles.

Many recent findings underscore the link between ego
depletion and interpersonal conflict. In rural China,
where teacher turnover is a problem, teachers who felt
more depleted because of being the targets of gossip felt
more like quitting [36]. When parents felt more
depleted, they used more coercive food practices, such
as insisting that the child eat or not eat something [37].
Supervisors who felt more stressed became more ego
depleted and, as a result, their subordinates rated them
as more abusive [38]. On an online questionnaire, Chi-
nese students who felt more ostracized engaged in more
problematic risk-taking behavior, mediated by ego
depletion [39]. The effect was reduced among those
who engaged in regular physical exercise.

Overcoming depletion

Some recent work has begun to look at how to overcome
or counteract the negative effects of ego depletion.
Veteran basketball players missed more free throws after
a depletion manipulation — but a mindfulness exercise
counteracted the effect [40]. In a waste sorting task, ego
depletion led to earlier quitting and more mistakes, but
a financial incentive for accuracy eliminated the effect
[41]. Depletion from work made people feel less vitality
at home, but detaching oneself from work reduced this
effect [42]. A large and impressive investigation found
that physical exercise and fitness improved self-control,
making the person less prone to ego depletion and
hence reducing deviant behavior, ranging from outright
crime to misbehavior in the workplace [43].

Conclusion

Rather than weakening the ego-depletion theory, the
criticism strengthened it and opened the question of
ego-depletion to interdisciplinary research. Current
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evidence is sufficient to characterize ego depletion as
undeniably real and indeed among the very best repli-
cated phenomena in social psychology. The importance
of effective self-control to a broad variety of desirable
behavior patterns makes ego depletion highly relevant
to many spheres of activity, including work, sport, and
interpersonal relationships.
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The multi-site replication by Hagger and colleagues [11] was
widely publicized as a failure to replicate ego depletion, thereby
damaging the reputation of that body of work. But the failure may
have been due to an inadequate and confounded manipulation.
When the data were made public, Dang reanalyzed them and
found that, to the slight extent that the manipulation succeeded
in inducing ego depletion, the results confirmed and replicated
the original findings.

A comprehensive review of all multi-laboratory replications in
social psychology finds that the majority are failures. Poor
operationalization and weak manipulations, low engagement by
participants, and lack of interpersonal contact during the exper-
iment all emerged as contributing factors.

This landmark study was a multi-site replication of a prior ego
depletion study. It was significant both with the full sample and
after excluding participants based on pre-registered criteria. (The
exclusions made the effect stronger.) Given the rarity with which
social psychology findings succeed in multi-lab replications, this
is strong testimony to the reality and replicability of ego
depletion.

An opinion piece challenges social psychologists to identify any
findings with stronger replication records than ego depletion,
which boasts 600—800 published findings by multiple labora-
tories and methods, mostly significant, with essentially none in
the opposite direction; a successful multi-site replication (very
rare in social psychology); multiple pre-registered successful
replications; and multiple findings outside the laboratory.
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A longer manipulation of ego depletion produces more fatigue
and hence a stronger effect, but if the control is long and boring,
it depletes people also.

Ego depletion impaired athletic performance (wall sit). The
duration of the depleting task was varied randomly, and the
longer manipulations were more successful at producing larger
effects of depletion on the physical performance. This important
study confirms the need for depletion manipulations to be long-
lasting and strenuous enough to produce the effect.

A meta-analysis of 73 studies confirms that physical and athletic
performance is poorer when preceded by cognitive exertion, thus
consistent with ego depletion.

When parents are more depleted, they are more coercive with
regard to the children’s eating. It can go in either direction, more

Current status of ego depletion Baumeister et al. 7

insisting that the child eat something, also more forbidding the
child to eat something.

Supervisors who felt more stressed became more ego
depleted and, as a result, their subordinates rated them as
more abusive.

On an online questionnaire, Chinese students who felt more
ostracized engaged in more problematic risk-taking behavior.
They also reported more feeling ego depleted. The ego depletion
mediated the risk-taking.

In a laboratory study using a waste sorting task, ego depletion led
to earlier quitting and more mistakes. A financial incentive coun-
teracted (eliminated) this effect.
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