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Summary
This chapter presents a model of self-control that explains many phenomena related to selfcontrol including ego depletion. We propose that valuation—the process of integrating multiple
sources of subjective value for a given choice option—is a mechanism of self-control. The
conflict between a goal and an impulse or another goal is resolved by comparing the cumulative
subjective value of the choice options. A given choice option can have an arbitrary number of
value sources, and these sources can shift over time depending on situational or intrapersonal
constraints. We review the behavioral economics literature on three anomalies in valuation that
are directly relevant to self-control (endowment, delay discounting, and diminishing marginal
utility) and explain how the properties of the valuation system explain the ego depletion effect.
We close by discussing ways to improve self-control through interventions that target its sources
of value, notably including identity.

Key Words: self-control, self-regulation, subjective value, choice, identity, endowment,
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This chapter presents a mechanistic account of self-control that provides a parsimonious
explanation of many phenomena related to self-control including ego depletion. We propose that
valuation—the process of integrating multiple sources of subjective value for a given choice
option—is a mechanism of self-control. The sources of subjective value can be “hot”, such as
impulses or temptations, or “cold”, such as health concerns or long-term goals. A given choice
option can have an arbitrary number of value sources, the sources of value for the response
options can be heterogeneous, and the value sources can shift over time depending on situational
or intrapersonal constraints. In this way, the valuation mechanism extends classic “dual process”
models of self-control by specifying a mechanism for self-control conflict resolution that has
well-studied behavioral and neural properties. This valuation model of self-control draws upon
the extensive insights from the decision-making and neuroeconomics literatures about the
dynamic nature of valuation to account for the ego depletion phenomenon and other effects
related to how self-control fluctuates over time.
We begin by defining the central related constructs of self-regulation and self-control.
These definitions are not perfunctory, but rather are necessary to get to the core of current debate
about the nature of self-control and why it apparently “fatigues” with use. We will then describe
the key gap in the present literature, which is the lack of a specific mechanism or process by
which self-control conflicts come to be resolved. Following on that background, we will present
the valuation model and explain how valuation is a viable candidate mechanism for self-control.
Next, we will provide a stepwise, mechanistic explanation for the ego depletion phenomenon
based on the valuation model. We close by arguing that the valuation model can enable the field
to move beyond descriptive research and provide tangible prescriptive tools to help people
improve self-control.
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Definitions of Central Constructs: Self-Regulation, Self-Control, and Subjective Value
This volume contains a number of definitions of the constructs, and this chapter does not
intend to focus mostly on definitions, let alone provide the definitive ones (see Fujita et al.,
Chapter 15 in this volume, for a detailed discussion of definitional issues). Nonetheless, clear
definitions of the constructs are a prerequisite for a theory that purports to explain how those
constructs interact with each other. Beyond that, often clear definitions can help elucidate
theoretical issues, which we believe is the case here. Specifically, defining self-regulation and
self-control in terms of (observable) behavioral outcomes instead of (unobservable) mental
processes broadens the scope of possible explanations for self-control and enables connections to
be made between the self-control literature and other literatures that would appear to be unrelated
when focusing only on the underlying processes.
What do we mean by self-regulation and self-control?
Self-regulation is defined here as purposefully directing one’s actions, thoughts, and
feelings toward a goal (Carver & Scheier, 2011). A goal is a cognitive construct that specifies an
intended outcome, typically one that is relatively long in duration and wide in scope compared to
immediate or hedonic desires. Goals are embedded in a mental hierarchy with long-term,
abstract, “be” actions at the top and short-term, concrete, “do” actions at the bottom (Carver &
Scheier, 1998). It is of note that self-regulation can proceed with relatively little conflict as long
as goal-counter impulses or temptations are avoided. In this sense, self-regulation can, but does
not always, rely upon self-control. For example, “quit smoking” is a self-regulatory goal for a
smoker that would require self-control only when the goal conflicts with the low-level goal to
“smoke a cigarette”; effective self-regulation can be achieved without self-control if situations
that trigger the low-level goal are anticipated and avoided.
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We define self-control as the set of processes that promote the enactment of
psychologically distant goals when they conflict with psychologically proximal ones. It is
noteworthy that in this definition self-control includes not only overriding or inhibiting prepotent
responses (typically referred to as inhibitory control, an avoidance action) but also biasing
behavior toward desired responses, usually in the face of prepotent alternative responses or mere
inertia (sometimes referred to as goal striving, an approach action). This definition implies that
are many ways to resolve self-control conflicts, with inhibitory control or other forms of
cognitive control as only one possibility. Another might be to strengthen the motivation to enact
the long-term oriented behavior, for example through high-level construal (Fujita & Carnevale,
2012) or by directly incentivizing it (Muraven & Slessareva, 2003). For example, self-control on
a Stroop task might involve maximizing performance instead of giving in to the temptation to
slack off, and one way to perform well would be to engage attentional control to focus on the
color of the first letter of each word. Self-control success is thus “equifinal” when it is defined by
enacting a behavior that favors long-term outcomes because there are many ways to do so. In
contrast, self-control failure in a given situation is usually tied to one behavior (e.g., acting on a
specific temptation).
What do we mean by “subjective value”?
Value has been given a variety of definitions in the research literature, but here we use it
to refer to a subjective sense of net reward or utility (positive value) or punishment, disutility, or
cost (negative value) associated with a given behavior (Camerer & Loewenstein, 2004;
Kahneman, 2003). Subjective value bears on self-control to the extent that choices about
behaviors relevant to goals are adjudicated by a value comparison process: the perceived
response options in a given situation are each assigned a value and the option with the greatest
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value is enacted. Value is continuous as opposed to categorical, and can fluctuate from moment
to moment (Busemeyer & Townsend, 1993). Subjective value is the “common currency” that
enables a comparison among qualitatively different outcomes (Georgescu-Roegen, 1968;
Glimcher & Rustichini, 2004). For example, in deciding whether or not to smoke a cigarette, a
smoker might compare the anticipated positive value derived from hedonic experience against
the anticipated negative value associated with failing to live up to social expectations and his or
her long-term goals and self-concept.
The term “value” is sometimes used synonymously with “reward”; however, reward
generally refers to the outcome of a decision, whereas value refers to the expected outcome
(Montague, King-Casas, & Cohen, 2006). As such, subjective value is computed in the prechoice period, after options have been considered but before a decision has been made. In the
behavioral economics and neuroeconomics literatures, this kind of value is called “decision
value” because it represents a key input to the decision-making process (Chib, Rangel, Shimojo,
& O’Doherty, 2009).
The calculation of subjective value in decision contexts (i.e., when the individual must
make a choice between two or more options) has been investigated primarily within the
economics literature. This research has a centuries-long history that is beyond the scope of this
chapter, although below we review work from the field of behavioral economics that is relevant
to the valuation model of self-control. For now, three discoveries about subjective value are
pertinent. The first is that the process of valuation involves translating heterogeneous inputs
about a particular option, and integrating them into a cumulative summary that can be compared
to other options. This process has been modeled extensively by economists (e.g., Philiastides,
Biele, & Heekeren, 2010), and can be captured with a stochastic evidence accumulator model
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that compiles noisy data until a threshold is reached and a decision can be made (Smith &
Ratcliff, 2004; De Martino, Fleming, Garrett, & Dolan, 2013). The second is that, though
valuation is used to model conscious choice, the process itself occurs implicitly and
automatically (Lebreton, Jorge, Michel, Thirion, & Pessiglione, 2009). Explicit processes can
modulate the process, for example, by volitionally drawing attention to certain features of the
stimulus, but valuation occurs continuously even without explicit attention. Finally, valuation
deviates in predictable ways from strict gain-maximization principles, displaying several
characteristic “anomalies” that we detail below (Kahneman, Knetsch, & Thaler, 1991). These
anomalies are relatively stable within persons, which can explain cross-situational stability of
valuation and choice within an individual.
Another way that researchers have sought to understand the processes behind the unified
value calculation is by identifying its neuroanatomical substrates. With remarkable consistency,
these researchers have found that activity in the vmPFC (and closely associated mesolimbic
dopamine structures such as the orbitofrontal cortex, OFC, and the ventral striatum, VS; Wallis,
2007) tracks closely with the subjective value of a variety of stimuli including food, goods,
money, and charitable donations (Chib et al., 2009; Gallagher, McMahan, & Schoenbaum, 1999;
Hare, Camerer, Knoepfle, O’Doherty, & Rangel, 2010; Izuma, Saito, Sadato, 2008; Levy &
Glimcher, 2011; O’Doherty, 2007). We will also review this evidence in more detail in
subsequent sections, where we argue that the vmPFC is the locus of value integration and
therefore is instrumental in studying and improving self-control.
The Critical Gap in the Literature: What is the Mechanism?
Regardless of precisely how self-regulation and self-control are defined, prominent
psychological models of self-regulation focus on self-control as a critical component of self-
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regulation. Self-control is usually assumed to operate through a competition between two
opposing processes: one control process that promotes successful self-regulation by impelling
behavior toward a goal and a second impulsive process that promotes failed self-regulation by
impelling behavior toward an alternative behavior that is counter to the goal (Hofmann, Friese, &
Strack, 2009). For example, in the classic dieter’s dilemma, the impulsive process is a craving
for a tasty but high-calorie snack and the control process is the ability to resist the craving (e.g.,
through attentional deployment, cognitive control, or some other top-down process). These “dual
process” models explain the outcome of a given self-control effort as the product of a
competition between the two processes, whereby the stronger “wins out” to enact the behavior.
There are two problematic aspects of this approach. First is that the dominant process is
nearly always inferred by observation. For example, if a hungry participant does not eat a
tempting food, then his behavior is attributed to effective self-control; but if he eats it, his
behavior is attributed to poor self-control and/or excessive impulsiveness. Using this logic to
infer a mental process from observed behavior is a key limitation of studies on dual process
models because it is somewhat circular; if there are only two outcomes, then only two processes
can be inferred. Thus, no pattern of observations can falsify dual process models in studies
following this template.
Equally problematic is the lack of a specific mechanism by which the conflict between
the two processes is resolved. The dual process model is a useful analogy, but the search for
neural systems that clearly map on to the two psychological systems has thus far been
unsuccessful (Kelley, Wagner, & Heatherton, 2015). Instead, a variety of neural systems appear
to be activated in self-control conflicts depending on the situational constraints, individual
differences, and other factors (Kelley et al., 2015). Thus, it is far from apparent in this early stage
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of inquiry whether there are only two processes that feed into self-control conflict resolution.
And, perhaps more critically, even if the number of processes does turn out to be two, it is not
clear exactly how the conflict between them becomes resolved at a neural or computational level.
The details of that conflict resolution are important because they will provide clues about why
repeated attempts to resolve the conflict lead to ego depletion and other self-control phenomena.
Valuation as a Mechanism of Self-Control Conflict Resolution
As noted above, the predominant assumption is that self-control conflicts are the result of
two competing processes. However, these processes are only inferred based on behavioral
responses, and when researchers use neuroimaging to directly measure their neural activation, no
clear evidence of two separable systems has been found. An alternative approach, found within
economics, is to model self-control conflict resolution as a “revealed preference” derived from
an underlying valuation process (Gul & Pesendorfer, 2004; Samuelson, 1948). From this
perspective, what can be inferred from an observable behavior is merely that the chosen option
was preferred, or valued, to a greater degree than the unchosen option, though the reasons behind
this preference are unknowable from the behavior alone. Self-control success or failure,
therefore, is a result of the relative value placed on the choice options in the moment.
A valuation-based model of self-control addresses the problems described above related
to the processes and the mechanism of conflict resolution. If automatic and controlled processes
serve as inputs to a common valuation process instead of interacting directly with one another,
then additional (third, fourth, etc.) processes can contribute to self-control conflict resolution
simply by also contributing to the value calculation. And the extensive work from behavioral
economics and neuroeconomics about subjective value and its neural underpinnings (reviewed
below) provides an increasingly detailed model of the computations involved in the calculation
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of subjective value, which can be leveraged to inform how self-control conflicts are resolved.
As applied to self-control, the valuation model predicts that each option in a self-control
conflict accumulates subjective value based on an arbitrary number of value inputs (Figure 1). In
psychology studies, there are usually only two choice options, but in the real world there can be
many more (though Figure 1 shows only two options for simplicity). Similarly, each option can
have many value inputs. The value inputs can fluctuate dynamically depending on the
organism’s changing needs, available resources, and attentional focus. For example, the relative
value of choice options can change as a function of which options are included in the choice set
(Tversky & Simonson, 1993). Which options are noticed and evaluated and which are ignored or
unseen is therefore a major factor in determining self-control outcomes. (The processes that
determine which choice options are included in the choice set is beyond the scope of the present
chapter, but interested readers can refer to Gross (2015) for a thoughtful discussion of this topic.)
Additionally, the reference point against which values are assigned is not an absolute value, but
rather a relative value that can change depending on psychological factors such as framing
(Kahneman & Tversky, 1979). Therefore, the outcome of a self-control conflict is a product not
only of the value inputs, but also of the context, the choice set, and the reference point, all of
which can change from moment to moment.
In the following sections, we consider the implications if, in fact, self-control conflicts
are resolved through a general valuation process. We first describe several anomalies in
valuation that have been documented by research in economics, drawing parallels to the
psychology literature, and then discuss research from neuroeconomics that has established the
neural systems for valuation, outlining how this same system might be a mechanism of selfcontrol.
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Valuation anomalies relevant to self-control
Research using economic games has documented an assortment of anomalies in valuebased choice. For the most part, the anomalous behavior involves cases where people’s behavior
does not maximize objective gains or is inconsistent across time even though the gains and losses
do not change (e.g., Kahneman et al., 1991; Loewenstein & Thaler, 1989). These anomalies are
of interest to economists because they violate classical economic models such as expected utility
theory (von Neumann & Morgenstern, 1953), which hypothesizes that people make choices that
maximize expected utility and are not influenced by irrelevant details such as when the gain will
occur. The field of “behavioral economics” emerged to study these anomalies using empirical
means and to update economic models based on predictable, if suboptimal, patterns of human
behavior during economic choice (Camerer & Loewenstein, 2004).
Since the inception of the field in the 1970s, researchers in behavioral economics
developed tools to evoke these behavioral anomalies in the lab and, thereby, rapidly generated a
body of work that illustrates when these anomalies occur and describes them with formal models.
This work assumes that economic choice is driven by a subjective value (or utility) calculation,
and that the anomalies can be explained by predictable ways that objective gains and losses are
translated into subjective value. If this same valuation process underlies self-control, then the
results and models from behavioral economics should apply not only to economic choice but also
to self-control conflict resolution. Below, we outline three anomalies in economic choice and
explain how they can be understood as general phenomena that apply directly to the specific
domain of self-control conflict.
Endowment. The endowment effect refers to the asymmetry in value people place on the
same object when they sell it versus when they buy it: people ask a higher price as owners than
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they are willing to pay as buyers (Thaler, 1980). Even studies that control for the obvious reasons
for the asymmetry, such as the seller’s loss aversion, still reveal an endowment effect
(Morewedge, Shu, Gilbert, & Wilson, 2009), suggesting that humans place some inherent value
on mere ownership.
The explanation proposed by social psychologists is that owned objects can be viewed as
part of the “extended self” (Belk, 1989; Wicklund & Gollwitzer, 1982) and therefore have more
subjective value than objects that are not. This is supported by evidence that the endowment
effect is greater for objects that have been owned for a longer time (Strahilevitz & Loewenstein,
1998) and objects that are easier to associate with the self such as coffee mugs featuring a
college insignia (Tom, 2004). This explanation is further supported by extensive research in
social psychology showing that people are motivated to maintain a positive self-image
(Rosenberg, 1979; Taylor & Brown, 1988), and that one way they do so is by imbuing their
beliefs, identities, possessions and so forth with increased value (Abelson & Prentice, 1989;
Crocker & Wolfe, 2001; Gawronski, Bodenhausen, & Becker, 2007; Pelham, 1995; Pelham &
Swann, 1989).
In terms of the valuation mechanism of self-control, the endowment effect suggests that
goals that are seen as part of the self or extended self will have higher value than those that are
not, and are thus more likely to be enacted when they conflict with other actions or behaviors.
This prediction has not yet been tested directly (e.g., by comparing self-relevant versus non-selfrelevant goals), but there is a variety of research that supports it indirectly. Most prominently,
research testing Self-Determination Theory (SDT; Deci & Ryan, 1985; Ryan & Deci, 2000; see
Ryan, Chapter 3, in this volume) shows that goals that are consistent with the intrinsic motives
for competence, relatedness, and autonomy are more successful than goals that are pursued for
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extrinsic reasons. For example, a self-control task that was chosen by participants (invoking the
intrinsic motive of autonomy) was less depleting than a self-control task that was assigned to
them by the experimenter (Moller, Deci, & Ryan, 2006).
Another line of research also provides indirect support for the prediction that ownership
would improve goal pursuit. Studies in this line leverage the fact that identity is reflected in—
and affected by—language, and specifically draw upon the subtle semantic effect of using a noun
instead of a verb to describe the same action (e.g., becoming “a quitter” versus attempting “to
quit”). Indeed, the strength of smokers’ “quitter” identities at baseline predicts smoking
abstinence even when controlling for baseline smoking rates (Shadel & Mermelstein, 1996; van
den Putte, Yzer, Willemsen, & de Bruijn, 2009). Similarly, using a noun (“being a voter”)
instead of a verb (“voting”) in questions about the likelihood of voting increased voting
intentions and actual turnout in statewide elections (Bryan, Walton, Rogers, & Dweck, 2011). In
another study, participants were less likely to cheat by claiming money they were not entitled to
if that behavior was described using a (negative) noun (“being a cheater”) instead of a verb
(“cheating”; Bryan, Adams, & Monin, 2013). All of these results are consistent with the
prediction that ownership (of an identity) can increase self-control by increasing the subjective
value of behaviors related to the identity.
Temporal discounting. One of the most perplexing violations of pure economic utility
maximization is that humans tend to “discount” gains as a function of time such that the
equivalent amount of money is apparently worth less to us in the future than it is in the present
(Ainslie, 1975; Green & Myerson, 2004). This anomaly is most apparent when people make
choices between options that vary in both time and nominal value, known as “intertemporal
choices.” For example, most people would choose to gain $101 in 13 months instead of $100 in
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12 months, and also choose $100 now instead of $101 one month from now, even though both
choices involve a gain of $1 in one month. Strict gain-maximization models incorrectly predict
that people should choose the larger amount regardless of the delay.
The standard explanation for this phenomenon is that subjective value (relative to
objective value) is discounted over time, typically following a hyperbolic function (Kirby &
Marakovic, 1995). An ultimate cause of temporal discounting may be probability: later rewards
are inherently more uncertain than sooner rewards because future events becomes more
unpredictable as time increases (similar to the logic of the folk wisdom, “a bird in the hand is
worth two in the bush”; Stevenson, 1986). Indeed, formal modeling supports the notion that
people use the same underlying process to transform delayed rewards and probabilistic rewards
into subjective value (Green & Myerson, 2004; Prelec & Loewenstein, 1991). Similarly, though
Prospect Theory (Kahneman & Tversky, 1979) is technically a model of choice under
uncertainty as opposed to time, the model’s central claim that the calculation of subjective value
involves a non-linear transformation of objective value based on probability also applies to
transformations of time (Rachlin, Raineri, & Cross, 1991).
The explanation from behavioral economics that time and probability are mentally
interchangeable is consistent with Construal Level Theory (CLT; Trope & Liberman, 2003;
2010) from social psychology. CLT states that various forms of distance—physical, temporal,
probabilistic, and so forth—represent “psychological distances” that can all be overcome through
the same process of creating abstract mental construals of psychologically distant objects.
According to CLT, the process of making an intertemporal choice or an “interprobabilistic”
choice (i.e., one between options with differing numerical values and probabilities) involves
computing the psychological distance of both options before comparing them. The relative
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strength of the more distal representation depends on a number of factors specified by the CLT
including its perceptual features and the level of abstraction at which it is considered, or its
“action identification” (Vallacher & Wegner, 1989).
The implication for self-control is that, all else being equal, the subjective value of
psychologically distal options—those that are less likely, physically further away, and more
intangible—will be less than the subjective value of psychological proximal options.
Manipulations that counteract that asymmetry by reducing the psychological distance to the
distal option, or by increasing the psychological distance to the proximal option, should thus
change self-control behavior. Perhaps the most vivid example of this is the classic marshmallow
studies in which most children had difficulty choosing two later, unseen, marshmallows in favor
of one immediate, visible one, but directing attention away from the immediately visible
marshmallow promoted self-control (e.g., Mischel & Ebbesen, 1970). More recently, Fujita and
colleagues have shown that construing a goal in terms of its high-level meaning and implications
(e.g., thinking about why you want to be healthy) increases self-control related to that goal,
presumably because drawing attention to the goal increases its salience and reduces the
psychological distance to a long-term goal that would otherwise feel distal and intangible (Fujita,
Trope, Liberman, & Levin-Sagi, 2006). The valuation model predicts that any manipulation that
reduces psychological distance should produce similar effects to the extent that the manipulation
elicits changes in the appraisal of the possible responses and their relative subjective values.
Another implication for self-control is that individual differences in discounting will
relate to real-world behaviors where the choice options consistently differ in time delay. This is
the case, for example, in substance use, where the reward derived from the substance is
immediate and certain, and the reward derived from abstinence is delayed and uncertain. Even if
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the two rewards were objectively equivalent, the subjective value of the delayed reward would
be discounted because it is psychologically distant, so people who temporally discount more are
expected to be more likely to choose the more immediate reward. Consistent with this, people
who tend to discount delayed hypothetical rewards are more likely to use a variety of substances
including nicotine, alcohol, cocaine, and heroin (Bickel, Odum, & Madden, 1999; Kirby & Petry,
2004; Petry, 2001) and are also more likely to have problems with gambling (Holt, Green, &
Myerson, 2003). Additionally, a meta-analysis revealed the effect size of the relationship
between addictive behaviors and delay discounting as indexed by multiple hypothetical choices
to be d = 0.58 (MacKillop, Amlung, Few, Ray, Sweet, & Munafo, 2011). The fact that a
relationship exists between discounting and a variety of problem behaviors supports the notion
that valuation anomalies such as temporal discounting are “trans-disease processes” (Bickel &
Mueller, 2009), or general phenomena that apply to a range of behaviors.
Diminishing marginal utility. Diminishing marginal utility refers to the phenomenon
that each additional unit of gain leads to an ever-smaller increase in subjective value. For
example, three bites of candy are better than two bites, but the twentieth bite doesn’t add much to
the experience beyond the nineteenth (and could even make it worse). This effect is so well
established that it is referred to as the “law of diminishing marginal utility” in economics
(Gossen, 1854/1983), and is reflected in the concave shape of most subjective utility functions
(e.g., Kahneman & Tversky, 1979; Rabin, 2000; see Figure 2). An important consequence of
diminishing marginal utility is that subjective value changes most dynamically near the zero
point, and quickly levels off as gains (or losses) accumulate.
Within the psychology literature, diminishing marginal utility is akin to the phenomena
of affective habituation (Dijksterhuis & Smith, 2002) and hedonic adaptation (Brickman &
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Campbell, 1971). The general finding in these lines of work is that people quickly adjust to
affective experiences, so that repeated exposures to the same stimulus are less potent
(habituation) and major events don’t generally change people’s baseline affect (adaptation).
Psychological models of adaptation have been updated and qualified in recent years, and may
apply differently to short-term and long-term changes (see, for example, Diener, Lucas, &
Scollon, 2006), but the general pattern holds: humans acclimate to events, particularly small
events, as their novelty subsides. From a psychology perspective, diminishing marginal utility of
short-term gains can be understood in terms of habituation—the first bite of chocolate tastes
better than the second, and so forth—and long-term gains can be understood in terms of
adaptation to a new zero point—winning the lottery doesn’t permanently increase happiness but
instead resets one’s reference point so that the subjective value of stimuli are evaluated with
respect to that new starting point.
The tendency for returns on subjective value to diminish with repetition is relevant to
how self-control plays out over time. By our definition, self-control is required when there is a
conflict between a high-level goal and a low-level goal or impulse. Both options have some
degree of subjective value, even if that value is derived from a different source (such as the
immediate physical gratification associated with a positive experience or the sense of
accomplishment that accompanies goal completion). Therefore, recent positive experiences that
diminish the subjective value of one but not the other goal will influence self-control. Take, for
example, the case of a smoker who is trying to quit and experiences a self-control conflict
between the desire to smoke a cigarette (hedonic value) and the desire to quit (abstract goal
value). According to the law of diminishing marginal utility, the subjective value of smoking an
additional cigarette will be diminished if the smoker has just had a cigarette. Indeed, smokers are
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less likely to light up if they have recently smoked than if they were abstinent (and this effect
also holds for food for most people; Epstein, Bulik, Perkins, Caggiula, & Rodefer, 1991). Apart
from physiological factors such as dependency, the subjective value of a temptation (such as a
cigarette for a smoker) is diminished with sequential consumption. Similarly, the subjective
value of abstinence should be lower when a quitter makes progress than when he feels he is
falling short. As expected by diminishing marginal utility, motivation to attain a goal decreases if
one focuses on the progress made toward that goal, particularly for goals to which an individual
is highly committed (Fishbach, Eyal, & Finkelstein, 2010).
The law of diminishing marginal utility also applies to the case of ego depletion, a claim
we will argue in a section below. First, however, we present neuroscientific data in support of the
valuation model of self-control.
Neural systems of valuation
In addition to the extensive knowledge about choice anomalies that economics research
has provided, the study of “neuroeconomics” has also established the neural systems that support
the calculation of subjective value and how activity in those systems tracks with behavior.
Identifying these systems is important because the valuation model assumes that there must be
some region or set of brain regions that translate various inputs into a common mental currency
in the form of subjective value so they can be integrated and compared to each other.
Additionally, localizing these systems is the first step in understanding how to develop targeted
interventions to improve self-regulation (Fisher & Berkman, in press).
Neuroeconomics research overwhelmingly implicates regions in the mesolimbic
dopaminergic system including the ventromedial prefrontal cortex (vmPFC), the orbitofrontal
cortex (OFC), and the ventral striatum (vS) in the computation of subjective value. Consistent
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with the common currency idea, this research suggests that the vmPFC is involved in the
computation of subjective value of both appetitive and aversive stimuli (Bartra, McGuire, &
Kable, 2013; Tom, Fox, Trepel, & Poldrack, 2007). In a series of studies, Rangel and colleagues
have found that the vmPFC integrates information across a range of properties about a stimulus
to produce a final value signal that includes stimulus properties, active goals, costs, and other
types of choice-relevant information (Rangel & Hare, 2010). Not only does vmPFC integrate
various sources of value for a stimulus, but activity in the vmPFC also tracks the subjective value
of a range of stimulus types (Padoa-Schioppa & Assad, 2006). For example, vmPFC activity
predicts choice regardless of whether the stimuli in question are food or money (Levy &
Glimcher, 2011). A related study found that activity in vmPFC scales with the subjective value
of a monetary gain for oneself and another person (Zaki, Lopez, & Mitchell, 2014). These
findings converge in identifying the vmPFC as playing a central role in the integration of
subjective value.
Activity in the vmPFC also tracks with the anomalies observed in the behavioral
economics studies described above. This fact is important because it suggests that vmPFC codes
for subjective value even when it deviates from objective reward value. For example, activity in
vmPFC (and in the nearby medial prefrontal cortex) correlates with “mere ownership” (Kim &
Johnson, 2014; 2015), which is suggestive that this region might be associated with endowment
effects in valuation. Also, activity in vmPFC is related hyperbolically (as opposed to linearly) to
the magnitude of both delayed and probabilistic rewards, and correlates highly with participants’
delay discounting curves (Peters & Büchel, 2009). Furthermore, lesions to the vmPFC cause
sharp increases in delay discounting, suggesting that the vmPFC is not merely involved in
responses to immediate rewards (Sellitto, Ciaramelli, & di Pellegrino, 2010). Finally, activity in
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vmPFC appears to track marginal utility above and beyond discounting and accordingly
diminishes as gains accumulate within a session (Pine, Seymour, Roiser, Bossaerts, Friston,
Curran, et al., 2009).
The presumptive purpose of this vmPFC “unified valuation” system that integrates across
disparate outcomes is to facilitate choice among them (Levy & Glimcher, 2011; Peters & Buchel,
2010). For example, the vmPFC value signal predicts decisions regardless of whether they
appear to be driven by impulsive or self-controlled processes (e.g., keeping money vs. giving it
to charity, or eating unhealthy vs. healthy foods; Hare, Camerer, Knoepfle, O’Doherty, &
Rangel, 2010; Hare, Malmaud, & Rangel, 2011a). In another study, participants separately rated
the tastiness and healthiness of a series of food stimuli, and then made choices about whether or
not to eat each food (with one choice randomly selected at the conclusion of the study and given
to the participant to eat). Activity in the vmPFC predicted the participants’ subsequent choices
regardless of whether the choice on a given trial was driven by health or taste concerns (Hare,
Camerer, & Rangel, 2009). The vmPFC thus appears to be a point of convergence for valuerelated information during choice.
The valuation model predicts that the common value calculation integrates inputs from a
variety of sources depending on the context. Consistent with this idea, the vmPFC receives
inputs from other brain regions depending on the contextual cues and available response options.
For example, the dorsolateral prefrontal cortex (dlPFC) is functionally connected with the
vmPFC when higher-order goals such as health concerns or social factors are made salient (Hare
et al., 2010; 2011a; Hutcherson, Plassman, Gross, & Rangel, 2012). There is also evidence that
the value of potential response options are reflected in the vmPFC before specific action plans
are selected (Wunderlich, Rangel, & O’Doherty, 2010), and that value signals provide input to
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downstream brain regions that are responsible for selecting and implementing motor plans (Hare,
Schultz, Camerer, O’Doherty, & Rangel, 2011b). And, like subjective value during choice,
activity in the vmPFC in the moments before a decision also fits a stochastic evidence
accumulator model (De Martino et al., 2013), presenting the possibility that its activity can be
modeled at a relatively fine-grained level. Taken together, then, the emerging view from the
neuroeconomics literature is that the vmPFC represents a point of convergence for a variety of
input signals that are relevant to the decision at hand, and its activation reflects a dynamic value
integration process that subsequently biases behavior toward high-valued actions.
Above, we have reviewed evidence showing that activity in the vmPFC and related
regions (a) represents the subjective value of a variety of stimuli, (b) parallels subjective value
anomalies in behavior such as endowment, temporal discounting, and diminishing marginal
utility, (c) temporally precedes and predicts choice, and (d) receives input from other brain
regions depending on the context and choice options. The evidence reviewed above strongly
implicates the vmPFC as the neuroanatomical locus of an integration of heterogeneous inputs
into a “neural currency” (Montague & Berns, 2002) of subjective value that drives decisions.
Ego Depletion Explained by the Valuation Model
As described throughout this volume, “ego depletion” refers to the phenomenon that selfcontrol performance declines from an initial self-control task to a subsequent one repetition
(Baumeister, Bratlavsky, Muraven, & Tice, 1998). Ego depletion is studied in the laboratory
typically using a sequential task paradigm in which participants complete an initial task that
either requires a high or low amount of self-control (Time 1) and then another, supposedly
unrelated self-control task (Time 2). Participants in the high self-control condition at Time 1
perform worse at Time 2 than participants in the low self-control condition. Having been
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observed in more than 200 studies (Hagger, Wood, Stiff, & Chatzisarantis, 2010), the fact that
self-control performance wanes over time with use is not in doubt. What is lacking is an
explanation for why it does so. Given the robustness of ego depletion, any proposed theory or
mechanism of self-control must provide an account of ego depletion. Accordingly, the valuation
model presents an explanation for ego depletion that is grounded in scientific knowledge about
how subjective value is calculated.
The overarching valuation process hypothesis is that self-control outcomes are dictated
by the relative subjective value of the choice options. In the specific case of ego depletion, the
valuation model predicts that the subjective value of persistence on the task is initially higher
than the alternatives, but then eventually becomes lower than the alternatives for the
experimental participants. The first step in unpacking this prediction is to consider what the
perceived choice options are in most ego depletion studies. Participants complete a self-control
task at Time 1. Notably, most people are capable of completing the task, so performance is
attributed to motivation rather than ability per se. One choice option is to try to complete the task
to the best of one’s abilities (“maximizing”; Schwartz, Ward, Monterosso, Lyubomirsky, White,
& Lehman, 2002). A second option is to complete the task but in a halfhearted or otherwise
relaxed way, investing enough work to fulfill the minimum requirements of the situation but no
more, sometimes called “satisficing” (Simon, 1955, 1956).
Given this set of two choice options, and acknowledging that many more exist but are not
chosen by most people, the next step is to consider the possible sources of subjective value for
each. What is the utility of each option for participants? The empirical literature on ego depletion
is moot on this point, for the most part making the blanket assumption that participants are
motivated to engage in our studies. Figure 3A depicts several plausible sources of subjective
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value for each option at Time 1. People might maximize to demonstrate their competence (Ryan
& Deci, 2000), to fulfill an implied social contract with the experimenter (“I have agreed to
participate so I will arrive and complete the experiment to the best of my ability”; Arrow, 1972),
or perhaps out of curiosity, interest, or novelty seeking (Kashdan, Rose, & Fincham, 2004;
Loewenstein, 1994). There are also costs, the most notable of which is effort (Kool & Botvinick,
2014; Kool, McGuire, Wang, & Botvinick, 2013; Westbrook & Braver, 2015). The option to
satisfice requires less effort but does not fulfill competence needs and potentially violates the
social contract, though it might have similar curiosity value. On balance, participants in most
published ego depletion studies appear to decide that the value of maximizing at Time 1 is at
least slightly greater than the value of satisfying.
However, the value of each of those options changes over time because of diminishing
marginal utility (Figure 3B). Having demonstrated competence on Time 1, the value of putting in
the same amount of work to continue to demonstrate competence on Time 2 is diminished.
Additionally, some participants might have found value in demonstrating competence to the
experimenter; this motive would have been fulfilled by good performance at Time 1. The social
contract is at least partially fulfilled. This is particularly likely because many psychology studies
involve only one task, but ego depletion studies usually draw the participants’ attention to the
fact that they are being asked to do a separate, second task as part of the same study.
(Performance actually improves on two highly similar, sequential self-control tasks, which could
be due to participants perceiving them as part of the same task; Dewitte, Bruyneel, & Geykens,
2009.) The value of novelty is marginally diminished or worse; participants might feel their
curiosity about the experiment was amply satisfied after one (usually quite boring) task, and are
actively uninterested to learn more about a second. Finally, the cost of effort is the same or
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potentially greater. Some economists have noted the increasing marginal cost of effort
(Mortensen, 1986), which is reflected in the vmPFC during decisions related to persistence on an
effortful task (McGuire & Kable, 2015). All together, then, the sources of subjective value of
maximizing at Time 2 are diminished or eliminated, and the costs are equal or greater. The
increased relative value of satisficing can explain why many participants choose that option at
Time 2.
A valuation explanation also explains some notable moderators of the ego depletion
effect (see Chapter 14 by Friese and colleagues for further discussion of moderators). Anything
that adds to the total subjective value of maximizing—either by increasing the value of that
action or reducing its perceived costs—will increase its likelihood. This explains why incentives
eliminate the ego depletion effect (Muraven & Slessareva, 2003). Affirming core values is likely
to involve intrinsic motives for maximizing autonomy and competence (Ryan & Deci, 2000) and
also engages high-level construal (Fujita et al., 2006), both of which re-frame the decision with
respect to the self and frame attention around sources of value for the maximize option. It is not
surprising, then, that self-affirmation reduces ego depletion (Schmeichel & Vohs, 2009). Beliefs
that a task is not difficult or that resources are available might reduce the perceived cost of effort
(Clarkson, Hirt, Jia, & Alexander, 2010). Likewise, individuals who believe that their selfcontrol resources are unlimited (Job, Dweck, & Walton, 2010) may derive value from verifying
that aspect of their identity to themselves and others (Swann & Read, 1981), which would
explain why they maximize at Time 2. Similarly, reframing the Time 2 task as a measure of
personal willpower eliminates the ego depletion effect (Magen & Gross, 2007), and reframing it
as a measure of physical strength instead of mental strength increases the effect (see Egan,
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Chapter 17, this volume), presumably because the task’s diagnosticity gives participants a reason
to value good performance.
The valuation model provides a mechanistic explanation for how ego depletion occurs in
terms of shifts in subjective value. The explanation is grounded in a theoretical model supported
by extensive behavioral and neural data, and accounts for many of the known moderators of the
depletion effect. Additionally, the model draws a connection between research on self-control
and ego depletion and the literatures on behavioral economics and neuroeconomics. In the final
section, we describe a key benefit of this connection, which is that it allows the field to leverage
knowledge about the valuation system to improve self-control and self-regulation.
A New Horizon for Self-Control Research
The forefather of social psychology Kurt Lewin is reported to have challenged
psychologists in saying that “if you truly want to understand something, try to change it”. Many
theories of self-regulation fall short of this standard. They describe empirical phenomena, and
perhaps indicate the conditions under which self-control is likely to succeed or fail. Recent
theorizing and research on the resource model, for example, focuses mostly on defining the
nature of the resource that is apparently depleted (such as whether it is physiological or
motivational). Despite a handful of studies showing a modest effect of training on self-control
(Inzlicht & Berkman, 2015), fewer than 10 studies have been prescriptive rather than descriptive.
The imbalance between descriptive and prescriptive research is understandable. It is
prudent to study something thoroughly before attempting to change it. But, as Lewin’s quote
suggests, an intervention can be a strong test of a theory, and social science faces a dearth of
advice for people seeking help with self-control deficits. The valuation model of self-control
lends itself well to prescriptive tests because it specifies a mechanistic process (valuation) with a
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well-characterized neuroanatomical system (the vmPFC and related regions) for a behavioral
phenotype (self-control) that relates to a broad range of socially costly outcomes. The next step is
to develop intervention studies that target valuation at the psychological and, ideally, neural
levels (Fisher & Berkman, in press).
In some ways, this research has already begun. Noting that sharp temporal discounting
seems to confer risk for a variety of disorders related to self-control, researchers have attempted
to reduce discounting as a therapeutic and preventive intervention for substance use and other
disorders (Bickel, Quisenberry, Moody, & Wilson, 2015). Others have taken a similar approach
in targeting “inhibitory control,” or the ability to prevent an unwanted behavioral response
(Berkman, Graham, & Fisher, 2012). However, these lines of work focus on neurocognitive
skills such as working memory or inhibition, which interact with the valuation system, but they
do not target the valuation system itself. The next generation of interventions could focus
directly on the valuation system itself, which would be not only a more robust test of the
valuation mechanism hypothesis, but also a way to more fully capitalize on the knowledge
available about valuation from the related literatures described above.
What might interventions to improve self-control based on the valuation model look like?
One is to add subjective value to self-control in a rather direct way—paying for it. This
intervention is known as “contingency management” and is an effective treatment for a range of
substance use disorders (Bigelow & Silverman, 1999). Similarly, imposing a monetary cost for
self-control failures can also be effective in changing behavior (Schwartz, Mochon, Wyper,
Maroba, Patel, & Ariely, 2014). Another potential source of subjective value is identity
(Berkman, Livingston, & Kahn, 2015). As noted earlier, the endowment effect follows from the
fact that people value themselves and their attributes and property, and people actively seek to
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verify their beliefs about themselves. Given this, it may be the case that aspects of identity could
become self-fulfilling, so an identity intervention to target people’s self-concept would be
effective. For instance, calling someone conscientious might make him disposed to act in a
conscientious way, which might eventually turn into full-blown conscientiousness (Alfano, in
press). In one study, labeling children as “tidy” prompted them to conform to this label to a
greater degree than merely asking them to be tidier (Miller, Brickman, & Bolen, 1975); in
another, calling adults helpful led them to see themselves as altruistic, which in turn increased
their willingness to volunteer (Burger & Caldwell, 2003). To our knowledge, nobody has yet
tried this with self-control (“you are good at self-control”); this is a promising avenue for future
research.
More generally, considering how to improve self-control based on the valuation model
involves thinking through the myriad possible sources of value for self-control. This is relatively
new territory for the field, but we believe it could be highly impactful. A complete model of selfregulation requires that we understand not just when people meet their goals and the skills that
are necessary, but also the reasons why people pursue the goals they do in the first place.
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Figure Captions
Figure 1. The valuation model of self-control. An arbitrary number of input processes such as
primary/secondary rewards, social pressures, effort costs, and identity (left) contribute to the
subjective value (middle) of the response options (e.g., the “self-controlled” and “impulsive”
actions). There can be an arbitrary number of input sources and response options depending on
the context and the actions that are perceived as available, and the input sources and options can
change across time. The option with the highest cumulative subjective value is enacted (right).
Self-control success occurs when one of the actions that align with the long-term goal
accumulates the greatest amount of subjective value.

Figure 2. Diminishing marginal utility of gains. Given a concave relationship between objective
gains (x-axis) and subjective value (y-axis), each one-unit gain produces a smaller increase in
subjective value than the previous gain of an equal unit. The marginal utility, or the change in
subjective value above the existing level, diminishes as gains increase (shown on the y-axis to
the right).

Figure 3. The valuation model explanation of ego depletion. At Time 1, the cumulative value of
maximizing performance on the task is higher than the value of satisficing (A). But, at Time 2,
the subjective value of maximizing is reduced because of the diminishing marginal utility of its
value sources and the increasing marginal cost of effort (B). The net effect is that an individual is
less likely to maximize performance at Time 2 than at Time 1.
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Figure 1. The valuation model of self-control. An arbitrary number of input processes such as
primary/secondary rewards, social pressures, effort costs, and identity (left) contribute to the
subjective value (middle) of the response options (e.g., the “self-controlled” and “impulsive”
actions). There can be an arbitrary number of input sources and response options depending on
the context and the actions that are perceived as available, and the input sources and options can
change across time. The option with the highest cumulative subjective value is enacted (right).
Self-control success occurs when one of the actions that align with the long-term goal
accumulates the greatest amount of subjective value.
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Figure 2. Diminishing marginal utility of gains. Given a concave relationship between objective
gains (x-axis) and subjective value (y-axis), each one-unit gain produces a smaller increase in
subjective value than the previous gain of an equal unit. The marginal utility, or the change in
subjective value above the existing level, diminishes as gains increase (shown on the y-axis to
the right).
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Figure 3. The valuation model explanation of ego depletion. At Time 1, the cumulative value of
maximizing performance on the task is higher than the value of satisficing (A). But, at Time 2,
the subjective value of maximizing is reduced because of the diminishing marginal utility of its
value sources and the increasing marginal cost of effort (B). The net effect is that an individual is
less likely to maximize performance at Time 2 than at Time 1.

