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s0010
INTRODUCTION

p0110 In the view of neoclassical economics, people make
decisions that maximize outcome utility to fit their
individual preferences or needs (e.g., see Chapters 1, 2,
and 8). But what happens if people’s choices are gener-
ated by mechanistic processes which have flaws that
sometimes distort their outcome choices? The answer
to this question requires distinguishing among multi-
ple types of utility, and considering the relation of
each utility type to internal psychological and neurobi-
ological mechanisms. In turn, existence of multiple
utilities may pose a further question for policy makers.
That is, when a person contains several types of utility
for the same outcome, and the various types diverge,
which utility should be maximized?

s0015
EXPERIENCED UTILITY

p0115To clarify, start with a hedonic approach to utility.
This may be familiar as it arises from Bentham’s pro-
posal two centuries ago that people’s choices are gov-
erned by two sovereign masters: their motives to gain
pleasure and to avoid pain (Bentham, 1789). When
choices are made between different outcomes, each
outcome has its own hedonic consequences, and a
good decision in such cases is to choose and pursue
the particular outcome that will overall produce the
most pleasure and least pain (other considerations
being equal). One way to express this in utility terms
is to say that a good decision is to maximize the experi-
enced utility of the chosen outcome. Experienced utility
means the hedonic or pleasurable experience produced
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by the outcome when eventually gained (Kahneman
et al., 1997). Outcomes that generate a pleasure impact
elicit a constellation of objective responses (including
affective behavioral reactions, physiological autonomic,
and brain limbic reactions) as well as in humans at
least, subjective feelings reported as pleasure.

s0020 Brain Mechanisms of Sensory Pleasure: Window
into Experienced Utility Generators

p0120 How is experienced utility actually generated within
a brain? Our information about how pleasure is gener-
ated by neural mechanisms has come so far mostly
from studies of sensory pleasures, such as sweet tastes.
The brain appears almost surprisingly frugal in
mechanisms that generate the pleasure of experienced
utility. Pleasure generators are restricted to cubic-
centimeter sized “hedonic hotspot” generators within
a few brain structrures, such as nucleus accumbens
and its target the ventral pallidum, which use particu-
lar neurochemical signals to produce intense pleasures
(Figure 18.1). The generation of pleasure has been
identified primarily by experiments involving manipu-
lations of the brain (it is necessary to alter the causal
generation process in order to identify its underlying
mechanisms), which for ethical reasons has been done
mostly in animal studies involving rats or mice. In ani-
mal studies, it is possible to painlessly stimulate a
brain system that generates pleasure, and to observe
magnification of the hedonic impact for pleasant sensa-
tions, for example as evidenced by increases in behav-
ioral “liking” reactions to a sensory pleasure such as
sweetness. This approach to discovering pleasure gen-
erators is based on Darwin’s original description of
emotional expressions (Darwin, 1872). For example,
anyone who has cared for an infant knows that even a

newborn emits facial expressions revealing “liking” for
the palatability of a taste. Sweet tastes elicit a con-
tented licking of the lips, whereas bitter tastes are met
with gaping mouths, shaking heads, and a vigorous
wiping of the mouth. A number of the same expressive
responses seen in human infants also occur in rats,
mice, and nonhuman primates (Steiner et al., 2001).
Experimenters can measure enhancements of those
“liking” reactions to the experienced utility of sweet-
ness by painlessly activating a brain hotspot in a rat or
mouse. One way of activating the pleasure mechan-
isms is by a microinjection of a tiny droplet containing
drug into the brain hotspot through a previously
implanted cannula. The drug microinjection cannot be
felt by the animal, but the drug it contains mimics neu-
rotransmitter signals to neurochemically stimulate neu-
rons in the hotspot, thus activating the neural system
for experienced utility. Discovering which brain micro-
injections successfully amplify a sensory pleasure thus
can identify the brain hotspot locations and the partic-
ular hedonic neurochemical signals within hotspots
that generate the pleasure for sensations (Berridge and
Kringelbach, 2011; Smith, et al., 2010).

p0125Mapping of brain pleasure generators in this way has
revealed a network of several brain hedonic hotspots
that amplify experienced utility expressed as “liking”
reactions to sweetness (Mahler et al., 2007; Peciña and
Berridge, 2005; Peciña et al., 2006; Smith and Berridge,
2005). The brain hotspots form a chain of “liking”-
enhancing islands of brain tissue stretching from front to
back of the brain, distributed across several deep struc-
tures of the brain below the neocortex. Each brain hot-
spot is merely a cubic-millimeter or so in volume in the
rodent brain (and would be expected to be a cubic-
centimeter or so in you, if proportional to the larger
human volume of whole brain). A hedonic hotspot is
uniquely capable of generating intense enhancements of
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f0010 FIGURE 18.1 Experienced utility generators in the brain. Hedonic hotspots that generate experienced utility, as expressed by amplifying plea-
sure “liking” reactions, are in red and yellow. Mesolimbic dopamine systems of pure decision utility “wanting” are in green. VTA, ventral tegmen-
tal area. Right: examples of the hedonic “liking” and “disliking” facial expressions to sweet or bitter taste outcomes have been useful in revealing
the brain hedonic hotspots. Activation of the brain hotspots makes sensations seemmore pleasant, amplifying their experienced utility.
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“liking” reactions to a sensory pleasure when neuro-
chemically stimulated, whereas the rest of the surround-
ing brain cannot, not even the rest of the same brain
structure that contains the hotspot. In normal situations,
the neurochemical stimulation that generates pleasure
arises naturally from neuronal release of opioid neuro-
transmitters (natural heroin-like chemicals made by
neurons), endocannabinoid neurotransmitters (natural
marijuana-like chemicals), and a few other related neuro-
transmitters able to stimulate neuronal receptors in the
hotspot in ways that activate hedonic circuits and
amplify a sweet outcome’s experienced utility.

p0130 One major hotspot has been found in the nucleus
accumbens, a brain structure at the bottom front of the
brain. This hotspot when neurochemically stimulated
acts to amplify the pleasure of sensations, and makes up
about only 1/10th of the entire nucleus accumbens. That
small 10% ratio reveals how restricted are the mechan-
isms that generate experienced utility (Peciña and
Berridge, 2005). Another related hedonic hotspot lies in
the posterior part of the ventral pallidum, the brains
structure that receives most outputs from the nucleus
accumbens, and which sits near the very bottom center
of the forebrain (Peciña and Berridge, 2005; Peciña et al.,
2006; Mahler et al., 2007; Smith and Berridge, 2005). The
ventral pallidum hotspot may be especially important to
experienced utility because it is the only known brain
site where damage seems to totally eliminate normal
levels of pleasure, abolishing “liking” reactions to a
sweet taste and replacing with disgust reactions instead.
After ventral pallidum damage a rat gapes to sugary
taste as though it were bitter (Smith et al., 2010).
Likewise, while rare in humans, patients who have suf-
fered damage to their ventral pallidum on both sides of
the brain (usually due to stroke) become apathetic and
report that their former favorite pleasures no longer
seem worthwhile (Adam et al., 2012; Miller et al., 2006).
While it would be premature to claim this evidence
proves the ventral pallidum hotspot to be necessary
for any and all possible hedonic experiences, the evi-
dence available so far does suggest that the ventral palli-
dum is needed more than any other known brain
structure for normal levels of experienced utility associ-
ated with pleasant outcomes. Beyond ventral pallidum
and nucleus accumbens, a third hedonic hotspot is
located deep in the brainstem (Smith et al., 2010), and
additional hotspots might yet still be found, say, perhaps
in the prefrontal cortex (Kringelbach, 2010).

p0135 This network of separate but interactive hedonic
hotspots acts together as a coordinated single circuit to
amplify core pleasure reactions. Activating one hotspot
recruits the others within the same hedonic system
(Smith and Berridge, 2007; Smith et al., 2011).
Unanimous hotspot activation simultaneously appears
to be crucial to enhancement of experienced utility. If

one hotspot is blocked from activating while another
is pharmacologically stimulated, then no pleasure
enhancement occurs (Smith and Berridge, 2007; Smith
et al., 2010). In other words, a single hotspot “no” vote
vetoes other “yes” votes to amplify experienced utility.
The network properties reveal a fragile substrate for
pleasure enhancement that requires unanimity across
the several parts in order to elevate hedonic “liking.”

s0025EXPERIENCED UTILITY:
NEUROIMAGING BRAIN ACTIVATIONS

IN HUMANS

p0140The brain appears to have re-used many neural
elements that evolved originally for sensory pleasures
to also mediate higher pleasures (Kringelbach and
Berridge, 2009, 2010; Leknes and Tracey, 2008;
Liljeholm and O’Doherty, 2012). For example, the same
structures activated by food or drug pleasure also acti-
vate to the delight of including seeing a loved one,
winning money, listening to favorite music, and even
moral and spiritual pleasures (Kringelbach, 2009). In
addition, a wider network of human brain structures
also activate during most pleasures.

p0145Studies in humans have examined the neural repre-
sentation of experienced utility mostly using func-
tional neuroimaging tools such as PET and fMRI
(described in detail in Chapter 6). In order to isolate
the experienced utility of an event, and separate plea-
sure from other psychological features of the same
event, researchers have focused on finding particular
brain sites that show the best positive correlation
between neural activation and the intensity of the
positive affective response. That correlation becomes
especially visible when the reported subjective pleas-
antness to a particular event is modulated by a manip-
ulation: for example by inducing satiety to make an
initially pleasant taste less subjectively pleasant, or by
increasing the amount of money won to make the
event more rewarding. Then researchers can look for
brain sites that alter their activation accordingly to
match the change in hedonic evaluation (while ideally
other features of the event remain unchanged such as
intensity, identity, learning, etc.). For example, when
the subjective pleasure or experienced utility of the
taste of chocolate, or the odor of bananas, is altered by
having a person consume a lot of chocolate or bananas
until they would rather not have any more, the orbito-
frontal activation evoked by the particular flavor expe-
rience of that food declines, more than other flavors
and even though the sensory experience otherwise
remains unchanged (Kringelbach, 2005; Kringelbach
et al., 2003; O’Doherty et al., 2000; Small et al., 2001).
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p0150 In human imaging studies, probably the most
robust finding regarding the neural representation of
experienced utility is that a particular region of orbito-
frontal cortex above the eyes represents pleasure best,
namely its anterior medial and adjacent central region
(Kringelbach, 2010). Activity in this orbitofrontal cortex
region correlates with the subjective pleasantness of a
diverse array of different types of stimuli in a number
of different sensory modalities (Figure 18.2), including
the taste, odor and flavors of food (Anderson et al.,
2003; Rolls et al., 2003; Small et al., 2001), auditory sti-
muli such as musical arrangements (Blood et al., 1999;
Vuust and Kringelbach, 2010), visual stimuli such as
attractive faces, or infants or even pieces of art (Kirk
et al., 2009; Kringelbach, 2010; O’Doherty, Critchley
et al., 2003; Parsons et al., 2010). Furthermore, even
more abstract rewards not tied to any specific modality
such as winning money, obtaining points on a game,
or experiencing positive social feedback engage the
same region (Breiter et al., 2001; Davey et al., 2010;
Knutson, Fong et al., 2001; Lin et al., 2012; O’Doherty
et al., 2001; Rilling et al., 2002).

p0155 Experienced utility responses in this region are not
only modulated by changes in internal state, such as
when going from being hungry to satiated, but such
responses can also be changed by top-down cognitive
effects. For example, one study presented wine to par-
ticipants in the fMRI scanner (Plassmann et al., 2008),
while telling participants the wine came from either an
expensive bottle or a cheap bottle (actually, the wine
was the same). Neural responses to the same objective
wine stimulus were strongly modulated depending on
whether the wine was labeled as coming from the

expensive bottle compared to the inexpensive one,
such that activity was much stronger for the wine
when labeled as expensive. This change in activity also
tracked changes in subjective pleasantness for the
wines. Likewise, telling people that a pungent odor is
cheese induces a very different brain activation pattern
to the smell than if people are told the smell is
unwashed body odor (de Araujo et al., 2005). These
findings indicate that neural representations of experi-
enced utility in the orbitofrontal cortex can be directly
modulated by exogeneous changes in context. In addi-
tion to orbitofrontal cortex, other regions of prefrontal
cortex such as the insula and the anterior cingulate
region of cortex also activate during pleasant sensa-
tions too (Kringelbach et al., 2003, 2005; O’Doherty
et al., 2000; Small et al., 2001).

p0160Below the cortex, activity in the ventral striatum
(nucleus accumbens) is also often found to be present
during the receipt of different rewards in humans
(Adcock et al., 2006; Breiter and Rosen, 1999; Franklin
and Adams, 2011; Knutson et al., 2008; Risinger et al.,
2005), although this has been reported less consistently
than is the vmPFC (Knutson and Gibbs, 2007; Knutson
et al., 2001; O’Doherty et al., 2003a,b). In AU:1earliest stud-
ies, the ventral striatum was more often found to cor-
relate with anticipated reward than to reward
outcomes (Knutson et al., 2001a,b; O’Doherty et al.,
2002). More recently, some activity in this region has
been found to be better accounted for by a temporal
difference reward prediction error signal (see Chapters
15 and 16 of this volume), in which activations at the
time of cue presentation resemble an anticipated utility
signal, while other activations at the time of outcome
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f0015FIGURE 18.2 Experienced utility signals in the human
medial orbitofrontal cortex elicited in response to a diverse
array of sensory inputs. (A) Responses in this region (mea-
sured with PET) show decreasing activity during consump-
tion of a chocolate meal as the reported subjective hedonic
ratings for the chocolate decreases from being pleasant to
being aversive as satiation develops. From Small et al.
(2001). (B) Region of medial orbitofrontal cortex showing
changes in activation as a function of differences in the
reported subjective pleasantness of odor stimuli. From
Anderson et al. (2003). (C) Region of medial orbitofrontal
cortex showing increased activity in response to the presen-
tation of faces reported as high in attractiveness relative to
that elicited by faces reported as low in attractiveness. From
O’Doherty et al. (2003). (D) Region of medial orbitofrontal
cortex correlating with the magnitude of points won during
performance of a simple decision-making task. From Daw
et al. (2006). (E) Activity in a similar region of medial orbito-
frontal cortex showed differential responding to the receipt
of a bolus of wine into the mouth depending on whether
that wine (which was in actuality the same wine in both
cases) had been labeled as cheap ($10) or expensive ($90).
From Plassmann et al. (2008).
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represent the difference between expected and actual
outcomes (as opposed to outcome value per se)
(McClure et al., 2003; Niv et al., 2012; O’Doherty et al.,
2003a,b, 2004). Other subcortical structures, including
the ventral pallidum and the midbrain ventral tegmen-
tal area, have also been reported to be activated by
rewards such as drugs, winning money, or music in
some human neuroimaging studies (Boileau et al.,
2012; Chapin et al., 2010; Pessiglione et al., 2007).

s0030 Relating Rodent to Human Findings: Causing
versus Coding Experienced Utility

p0165 All this raises the question of how the neuroimaging
findings in humans relate to the earlier described evi-
dence of a special role for parts of the nucleus accum-
bens or ventral pallidum in generating experienced
utility in rodent brains. One mundane possibility is that
fMRI studies measure inputs into a structure and intrin-
sic processing therein, whereas rodent stimulation stud-
ies identify outputs that have actual consequences on
hedonic reactions. More substantively, it is possible that
some neuroimaging brain activations may reflect experi-
enced utility but are reported as something else, or that
some activations reported as experienced utility in fact
reflect prediction errors or some other signal such as the
sensory properties of an outcome (discussed below).

p0170 Perhaps the most important substantive possibility
relevant to interpreting results of human neuroimaging
of pleasure versus animal brain manipulation of pleasure
generators is the question of whether neuroimaging acti-
vations reflect the causation of experienced utility, or
rather only the coding of experienced utility (activated in
the service of mediating some other psychological pro-
cess). That is, not all brain activations which code for
experienced utility need actually help to cause the pleas-
ant experience. Experienced utility representations may
also be present in some additional brain areas because
the information about the experienced utility is used
there to guide learning and updating of other signals
needed to guide future choice, such as decision utility
and anticipated utility, described later.

p0175 For example, evidence for a causal role of prefrontal
cortex regions (orbitofrontal, insula or anterior cingu-
late cortex) in eliciting actual experienced utility is
mixed. On the one hand, findings in human patients
who have damage to the prefrontal cortex that impacts
these regions suggest that they may not be critical for
experienced utility. While it has long been known that
damage to this area results in impairments in decision-
making and preference formation, as well as in the
elicitation of autonomic responses in anticipation of
outcomes, autonomic responses to the receipt of out-
comes appear to be largely intact in these patients

(Bechara et al., 1997; Beer et al., 2010; Damasio, 2004;
Damasio et al., 2012; Kringelbach, 2005; Valenstein,
1986). Furthermore, these patients seem to retain the
capacity for essentially normal subjective hedonic
experiences in response to the receipt of rewarding
outcomes, as far as any outside observer can tell. On
the other hand, deep brain stimulation studies of
depressed patients have shown that stimulation in
ventromedial regions of prefrontal cortex can help ele-
vate mood (Holtzheimer and Mayberg, 2010). Such
stimulation studies certainly could be used to support
the idea that at least part of the vmPFC (in particular
the subgenual cingulate area) may have a causal role
in generating changes in affective disposition. Yet it is
also possible that downstream neuronal changes in
subcortical structures instead mediate the stimulation
effects (such as nucleus accumbens), rather than the
cortex where the electrode is itself, especially if the
electrode primarily activates fibers of passage to those
deeper brain structures (Kringelbach et al., 2010).
Further, such changes in diffuse mood may also
heavily involve cognitive appraisals that go beyond
the hedonic experienced utility of outcomes. At best, it
is clearly the case that more work needs to be done in
establishing the extent to which vmPFC is causally
involved in generating experienced utility.

s0035
BEYOND EXPERIENCED UTILITY

s0040Experienced Utility versus Decision Utility

p0180Experienced utility is the endpoint of the decision
process. It is the state reached after successful attain-
ment of a particular outcome, pertaining to the
hedonic impact and experience of that outcome.
However, other signals are needed in order for deci-
sions to actually be made.

p0185As discussed in Chapter 8, decision utility is pro-
posed to be the utility signal used at the point of
choice to guide decisions about future actions. The
decision utility for a given action features an estimate
of the expected future utility for a particular outcome
reached after choosing that action, weighted by the
probability of that outcome occurring and the time at
which that outcome is predicted to occur.

p0190How does experienced utility relate to decision-
utility? One way to think of this relation is that at
the time of decision-making, the decision-making
agent will need to compute the decision-utility for
available actions on the fly, before engaging in the
process of comparing the decision utilities and mak-
ing a choice (according to models of goal-directed
choice; see Chapter 21 and O’Doherty, 2011).
Included in this process is knowledge of the
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outcomes which can be selected as goals by the
agent. These outcomes or goals also have attached to
them, learned utility signals stored in memory. Such
memory signals representing outcome utility on pre-
vious occasions has been called remembered utility.

p0195 How do remembered outcomes come to retrieve
goal-values? There is evidence that outcomes acquire
value representations through an associative learning
process by which the experienced utility elicited fol-
lowing delivery of that outcome comes to be associated
with the stimulus features of the outcome, a process
called incentive learning (see Chapter 15, also
Dickinson and Balleine, 2010). Another way of describ-
ing remembered utility is as a person’s “retrospective
reports of the total pleasure or displeasure associated
with past outcomes” (p. 376, Kahneman et al., 1997),
cognitively reconstructed into declarative memory at
the moment of the report as conscious recollections
(see Chapter 21 for further discussion of the possible
contribution of declarative memory processes in
decision-making). That is, remembered utility is the
declarative episodic memory of how good a previous
reward was in the past. Thus remembered experienced
utility becomes attached to the stimulus properties of
an outcome (which is state-dependent; for example,
one has a different experienced utility of a food out-
come depending on whether hungry or sated). This
value-attaching process also bears strong similarities to
the “somatic marker” mechanism proposed by
Damasio, Bechara et al. (Bechara et al., 1997, 2005;
Damasio, 1996). Using this memory trace of experi-
enced utility, it is then possible for a goal-directed
agent to combine this signal with knowledge of the
structure of the environment in order to compute a
decision-utility.

p0200 Remembered utility typically involves an active
reconstruction of memory, rather than veridical recall
of actual past pleasures. Reconstruction can introduce
some distortions, so that the hedonic memory of the
event no longer accurately reflects how good the event
truly was at the moment of experience. For example,
memory of a hedonic experience can be distorted by
memory limitations and be heavily influenced by cur-
rent beliefs (Gilbert, 2006; Kahneman et al., 1997, 1999;
Robinson and Clore, 2002; Wilson, 2002).

p0205 Still, whenever people decide about outcomes they
have previously experienced in their past, remembered
utility is perhaps the chief factor that is used to com-
pute goal-values. That is, people generally expect
future rewards to be about as good as they remember
them in the past. In turn, remembered utility about
past outcomes can be used to generate predictions for
future outcomes, corresponding to future expectations
or predicted utility that will be gained if the goal is
ever obtained again. Of course, in addition to this

memory-based incentive learning process, individuals
(particularly humans) can also compute the predicted
utility or goal-values for some potential future events
that have not ever been experienced before. Even less
is known about these mechanisms, but candidate pro-
cesses include generalization (i.e., estimating goal-
values based on the degree of perceptual similarity to
actual remembered outcomes), making use of knowl-
edge acquired about outcome-values through observ-
ing others, and theory-based construction based on
inferred or instructed knowledge.

s0045Anticipated or Predicted Utility

p0210Consideration of future outcome values brings us to
the concepts of anticipated utility or predicted utility
(Caplin and Leahy, 2001). One form of anticipated util-
ity has been suggested to be a Pavlovian prediction of
reward, a state elicited by a stimulus which through
repeated pairings comes to be associated with the
subsequent presentation of a reward outcome. The
Pavlovian nature of anticipated utility means that it
does not feature any associations with actions nor does
it directly contribute to the computation of decision
utility, it simply indicates how much utility is expected
to be experienced in the future independently of
actions taken by the organism, based simply on the
presence of stimuli that have become associated with
the subsequence presentation of a reward outcome.

p0215Another form of anticipated/predicted utility is the
cognitive expectation of reward as a declarative or con-
scious representation of the future outcome. Predicted
utility is the term used by Kahneman et al. for a more
cognitive construal of future goals: “beliefs about the
experienced utility of outcomes” that may occur in
future (p. 311, Kahneman et al., 1997). In that, sense
predicted utility may be equivalent to what we
describe here as a cognitive form of anticipated utility.
However, while this form of utility does not contribute
directly to the computations underpinning goal-
directed choice, this signal does interact with instru-
mental action-selection in interesting ways, sometimes
leading to apparently aberrant choices.

s0050IDENTIFYING WHAT DOES WHAT FOR
BRAIN MECHANISMS OF OUTCOME

UTILITIES

s0055Brain Mesolimbic Dopamine: Anticipated/
Predicted Utility or Pure Decision Utility?

p0220Perhaps the most famous reward mechanism in the
brain is the mesolimbic dopamine system, projecting
from midbrain forward to the nucleus accumbens and
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related structures. Which form of reward utility does
dopamine contribute?

p0225 In past decades, the mesolimbic dopamine was
thought by many reward neuroscientists to mediate
pleasure or experienced utility itself. But that “dopami-
ne5pleasure” idea began to encounter difficulty about
20 years ago. For example, animals and humans with
hardly any dopamine in their brain still seem to have
normal “liking” reactions (as described above) to the
experienced utility of a pleasant sensation such as a
sweet taste (Berridge and Robinson, 1998; Cannon
and Palmiter, 2003; Sienkiewicz-Jarosz et al., 2005).
Conversely, activating dopamine release through
genetic mutation or drugs or a deep brain stimulating
electrode or drug stimulation fails to increase “liking”
reactions to sweetness although extra mesolimbic
dopamine makes animals eat more and seem to
“want” rewards more (Berridge, 2012; Smith et al.,
2011; Zhang et al., 2009). Similarly, people who have
deep brain stimulation electrodes implanted in their
brain that activate the dopamine system may come to
intensely want to stimulate their electrode, and press a
button to do so many thousands of times, yet typically
never exclaim “that feels nice” or display any other
sign of actual intense pleasure (Berridge and
Kringelbach, 2011). The people appear to intensely
“want” the electrode stimulation, much more than
they actually “like” it.

p0230 Today relatively few neuroscientists still believe
dopamine to mediate pleasure or experienced utility.
Most who study reward and the brain instead believe
that dopamine systems mediate some other form of
reward utility. So if dopamine is a faux-pleasure
mechanism, what is its real utility role? Some neuros-
cientists, including one co-author of this chapter
(O’Doherty), think dopamine is a prediction-error
mechanism of reward learning: that is, remembered
utility and anticipated utility (Bayer and Glimcher,
2005; Glimcher, 2011; Niv et al., 2012; O’Doherty et al.,
2006; Schultz, 2010; Schultz et al., 1997). Other neuros-
cientists, including the other co-author of this chapter
(Berridge), believe dopamine to mediate a pure form
of decision utility: namely incentive salience or cue-
triggered “wanting” (Berridge, 2012; Berridge and
Robinson, 1998).

p0235 The view of dopamine as a prediction error or learn-
ing mechanism is explained in detail by other chapters
(see Chapters 15 and 16). So here we will consider the
pure decision utility or incentive salience alternative as
proposed by Berridge and his colleagues, as well as
some evidence against the dopamine-learning hypoth-
esis. Finally, we will consider what possibility for con-
vergence exists between the two viewpoints, as well as
highlighting any remaining irreducible divergence
between these viewpoints.

s0060Berridge’s Incentive Salience Theory: Dopamine
as Pure Decision Utility

p0240Incentive salience, or cue-triggered “wanting,” is a
specific form of Pavlovian-related motivation for
rewards that is mediated by mesocorticolimbic brain
systems, and is especially modulated by dopamine
levels (Figure 18.1) (Berridge, 2007, 2012; Berridge and
Robinson, 1998; Robinson and Berridge, 1993).
“Wanting” typically gives a felt “oomph” to conscious
desires that makes a desire feel more urgent, able to
influence choice and produce action. In addicts, exces-
sive “wanting” may produce feelings of urge to take
the drug so strong that they border on compulsion.

p0245Yet the core process of “wanting” can also occur unfelt
as a relatively unconscious process. For example, drug
addicts in laboratory experiments may work hard to
obtain injections containing such low doses of cocaine
that the addicts say the injections are empty of any
cocaine and even deny that they are working at all
(Fischman and Foltin, 1992). Even normal people can
have unconscious “wanting,” for example induced by
subliminally-brief flashes of emotional happy facial
expressions or of money, and expressed as behavioral ten-
dencies to ingest more and offer to pay higher prices for a
subsequently offered beverage, or work harder for mone-
tary rewards, all the while unaware that they’ve seen any-
thing, or felt anything, or that their behavior has been
changed by what they subliminally saw (Berridge and
Winkielman, 2003; Pessiglione et al., 2007; Winkielman
et al., 2005). Such results have led to the idea that “want-
ing” is intrinsically an unconscious process, perhaps
because it is mediated chiefly by subcortical brain systems,
but can be elaborated into conscious cravings when addi-
tional brain systems of awareness are recruited (probably
involving the prefrontal cortex regions described above).

p0250In most cases, “wanting” also typically coheres with
“liking” (hedonic impact) for the same reward, but
“wanting” and “liking” can be dissociated by some
manipulations, especially those that specifically
involve dopamine and selectively alter “wanting”
(Berridge, 2007; Berridge and Robinson, 1998; Smith
et al., 2011). And finally “wanting” can also be distin-
guished from learning about the same reward
(Berridge, 2012; Smith et al., 2011; Zhang et al., 2009).
For example, “wanting” triggered by a Pavlovian
reward cue can dramatically, even if its previously
learned value has not changed AU:2(e.g., in hunger, satiety,
stress, or drug-related states).

s0065Incentive Salience “Wanting” versus Ordinary
Wanting

p0255Incentive salience as Pavlovian motivation or “want-
ing” has several neural and psychological features that
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distinguish it from more cognitive forms of desire
(wanting in the ordinary sense of the word). Ordinary
cognitive wanting neurally depends more heavily on
cortically-weighted brain circuits, computationally con-
forms better to model-based systems, and psychologi-
cally is more tightly linked to explicit predictions of
future value based on declarative remembered previous
values in episodic memory (e.g., as conscious episodic
memories) (Berridge, 2001; Dickinson and Balleine,
2010; Kringelbach, 2010; Liljeholm et al., 2011). Such
cognitive desires are based more firmly on explicit
representations of the predicted goodness of future out-
come, predictions which in turn are often based on
declarative memories of previous pleasure of that out-
come (Dickinson and Balleine, 2010). For such cognitive
desires, decision utility5predicted utility, and pre-
dicted utility5 remembered utility. That is, we ordinar-
ily desire an outcome to exactly the same degree that
we predict the outcome will be liked, and most predic-
tions about future experienced utility are based on
memories of how liked the outcome was in the past.

p0260 Incentive salience is different, and not so rational.
For incentive salience, under conditions of dopamine-
related stimulation, situations exist where cue-
triggered decision utility. remembered utility from
the past, and similarly decision utility.predicted util-
ity for future reward value (Berridge and Aldridge,
2008). In other words, it is possible to “want” what is
not expected to be liked, nor remembered to be liked,
as well as what is not actually liked when obtained. In
this framework, incentive salience “wanting” is a pure
form of decision utility, which is distinct from other
forms of utility and in some conditions can decouple
from all the others. That is, “wanting” for an outcome
is distinguishable from both experienced utility
(hedonic impact or “liking” the outcome), remembered
utility of how nice the outcome was in the past, and
anticipated or predicted utility of how nice it will be in
the future.

p0265 Incentive salience integrates two separate input fac-
tors to generate decision utility in the moment of re-
encounter with cues for a reward that could potentially
be chosen: (i) current physiological/neurobiological
state; (ii) previously learned associations about the
reward cue, or Pavlovian CS1 (Berridge, 2004;
Robinson and Berridge, 1993; Toates, 1986)
(Figure 18.1). Sudden encounters with Pavlovian cues
for a reward can suddenly trigger pulses of motivation
to pursue that reward as a goal. Advertisements that
pop up on a web page may prompt the finger to click
onto the product. The smell of food as you walk down
the street near lunchtime may make you suddenly feel
quite hungry, even if you weren’t feeling that way
moments earlier. And encounters with drug cues can
precipitate a recovering drug addict who is trying to

stay clean back into addictive relapse. When triggered
by learned cues, incentive salience typically occurs as
temporary peaks of “wanting”, relatively transient and
lasting only seconds or minutes, and tied to encounters
with the physical reward stimuli. Moments of vivid
imagery about the reward and its cues may also serve
just as well as actual physical cues to trigger incentive
salience.

p0270A particular reward cue may trigger temptation on
some encounters but not on others. Fluctuations of the
temptation power for cues helps to illustrate the differ-
ence between decision utility and predicted utility. States
that alter brain dopamine reactivity can selectively alter
decision utility of a reward cue. The same drug cue that
potently triggers addictive relapse on a catastrophic occa-
sion, spiraling a recovered addict back into drug taking,
may have been successfully resisted on many previous
encounters. And for everyone, reward cues vary across
hours and days in their ability to evoke desire. Food cues
are potent when you are hungry, but not so potent when
you have recently eaten. Relevant states of physiological
appetite, states of stress, or � for compulsive
consumers � trying to take “just one” hit or just one taste
of a palatable treat, can all enhance the temptation power
of reward cues. Explanations for such fluctuations hinges
on the unlearned one-half of inputs that determine
whether a cue triggers “wanting”: current neurobiological
state factors related to dopamine at the moment of cue
encounter.

p0275For example, experiments in the Berridge lab have
shown that putting a rat’s brain into an elevated state
of dopamine activation for about a half-hour, by pain-
lessly giving a microinjection of amphetamine into its
nucleus accumbens, causes the rat’s next encounter
with a previously learned Pavlovian cue for sugary
reward to trigger a pulse of desire 50% higher than the
cue normally would (and 400% higher than moments
before when no cue was present). The pulsed amplifi-
cation of cue-triggered “wanting” occurs without need
of relearning yet only at the moment of cue encounter:
the intense “wanting” is temporary, reversible and
repeatable whenever elevated dopamine and cue coin-
cide. Such pulses of hyper-“wanting” are expressed
behaviorally in amplified bursts of frenzied seeking
efforts to obtain the reward, and also evident neurally
in amplified bursts of neuronal firing in limbic brain
targets of the nucleus accumbens, including the ventral
pallidum (Smith et al., 2011; Wyvell and Berridge,
2000, 2001).

p0280In terms of our utility discussion, the incentive
salience thesis is that such amplifications are pure and
selective elevations of cue-triggered decision utility.
Before the cue comes, the dopamine-activated brain of
the rat simply wants sugar in the ordinary sense, with-
out necessarily showing any elevation of desire. That
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is, the dopamine elevation by itself does not alter the
expectation of future reward that is predicted utility: the
rat neither raises nor lowers its constant level of efforts
to obtain reward (expressed during the long periods
when the Pavlovian cue is absent), a relatively constant
level that reflects its previously learned knowledge
that the sugar reward can be earned by pressing the
lever. The next moment, when the Pavlovian cue sud-
denly appears and is physically present to interact
with the elevated brain levels of dopamine, the stimu-
lated brain transiently “wants” sugar much more to an
unprecedented and exaggerated degree. Upon the
cue’s arrival, the rat engages in a frenzied burst of
efforts to obtain the sugary reward, far above normal
or previous levels; simultaneously, neurons in its ven-
tral pallidum suddenly fire in an intense burst at a
much higher level than they ever normally would if
not dopamine-stimulated or if the cue were absent
(Smith et al., 2011; Wyvell and Berridge, 2001). Yet just
a few moments after the cue ends, the rat returns to its
lower and normal level of “wanting” and neuronal fir-
ing. Finally again, moments later still, the cue is re-
encountered once more and a new burst of excessive
and irrational “wanting” again takes control. It seems
unlikely that predicted utility (i.e., stable expectations
of future reward based on memories of rewards
earned in the past) was ever changed by dopamine
flooding, because the flooding lasted the whole half-
hour, as would stable learned predictions, whereas
desire was amplified only at brief moments of cue
encounter (interactively combining with the extra
dopamine). Likewise, neural recording studies show
that dopamine elevations fail to enhance limbic neural
firing signals to Pavlovian cues that carry maximal
predicted utility information (i.e., information that a
reward is about to occur), but instead powerfully
enhance neural or maximal incentive salience (i.e.,
accompany the highest levels of reward-seeking
behavior, but giving no new predictive information)
(Smith et al., 2011).

p0285 The selective elevation of pure decision utility thus
seems to involve a synergy between (fairly constant)
elevated dopamine levels and (phasic) encounters
with the Pavlovian cue. We hypothesize that the
“wanting” synergy mechanism evolved to allow natu-
ral appetite and satiety states to dynamically modu-
late motivation for learned rewards by modulating
the reactivity of brain mesolimbic dopamine systems
to relevant cues. But the same synergy mechanism
also opens windows of vulnerability to stress and
emotional states, addictive drugs and to permanent
brain changes associated with drugs that cause addic-
tion, and other factors to usurp decisions by likewise
raising the reactivity of mesocorticolimbic brain
circuitry.

s0070Computational Modeling of Incentive Salience
as Decision Utility

p0290An initial attempt to computationally model such
fluctuations in cue-triggered temptation power was
recently made by Jun Zhang et al. (2009). This incentive
salience is different from learning models such as tem-
poral difference or prediction error in that the Zhang
model incorporates a dynamic brain state factor κ
(kappa), which can change as rapidly as appetite, sati-
ety or drug-state changes, and which modulates moti-
vation generated from the learned value of a relevant
CS for reward (rt ) without requiring any new learning
about its UCS value in the new physiological state
(Figure 18.3).

p0295In the Zhang model, the cue-triggered incentive
salience or motivational value is defined as V(st).
Computationally, a multiplicative form of the Zhang
equation generates incentive salience as:

~VðStÞ5 ~rðrt � κÞ1 γVðSt11Þ
p0300In this equation, V(st) denotes the level of incentive

salience ( ~V) triggered at the moment of encounter (t)
with a learned reward stimulus (St); (rt) denotes the
previously learned Pavlovian value of the associated
reward when the cue is encountered (i.e., remem-
bered utility, such as a cached memory of accumu-
lated reward values generated by a temporal
difference or prediction error learning algorithm on
previous occasions with the reward; (κ) denotes the
kappa factor or current brain state that can amplify
the incentive salience of relevant learned cues, and (γ)
denotes a temporal discounting factor that reduces
the motivation value of more distantly future cues
and rewards relative to ones that occur more
immediately.

p0305By this incentive salience model, the important
thing is that the decision utility or motivating power of
value of a reward cue (rt) can be raised into higher or
lower incentive salience than was learned previously
by simply by raising or lowering the κ factor. The
change in cue-triggered decision utility would apply
instantly to the next encounter of the CS even if the
UCS had never been experienced in the new physio-
logical state (Berridge, 2012). That fits the experimental
results and human relapse/temptation examples
described above. In the new state, the motivation
response to the CS would no longer match its previ-
ously learned level.

p0310For convenience, the κ state that held during previ-
ous learning trials (i.e., during CS-UCS training) is
assumed to be κ5 1. As long as nothing changes,
kappa state can remain 1 and V(st)5 (rt). What is most
important is the κ state at the subsequent moment of
CS re-encounter. Only if κ5 1 continues to be true at
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re-encounter, and physiological state remains essen-
tially unchanged, will “wanting” triggered by the CS
match the previously learned value. Any departures of
κ from previous value of 1 (i.e., any changes in rele-
vant neurobiological state), will let the level of “want-
ing” at the moment of CS re-encounter be dynamically
modulated. If state declines (e.g., natural satiation state
or pathological loss of dopamine), so that κ, 1, the
shift produces a decrement in incentive motivation
below the previously learned level. Conversely, if rele-
vant state rises κ. 1 (e.g., an increase in hunger, an
amphetamine microinjection in nucleus accumbens, or
an addict taking a priming dose of addictive drug),
so that κ the shift enhances CS-triggered levels of
motivation above the previously trained amount
(Figure 18.3). In these ways, changes in dopamine-
related brain state can selectively amplify the decision
utility triggered by particular reward-related cues.
Some brain states will merely temporarily elevate cue-
triggered “wants,” such as being intoxicated or hungry
or emotionally excited. Other brain states can more
permanently render an individual prone to have
highly intense cue-triggered “wanting,” such as near-
permanent brain changes induced by drugs called
mesolimbic sensitization that occur in addicts, induced
by their history of repeated drug binges. In all cases,
the elevations in cue-triggered decision utility can hap-
pen without any accompanying elevation in either
experienced utility of actual outcomes, remembered
utility from past outcomes, or predicted utility of
future outcomes.

s0075Applications of Incentive Salience Computation
in Economics

p0315The Zhang computational model above has recently
begun to be applied to economic choices and to phe-
nomena such as temporal discounting (in which a smal-
ler and sooner good outcome is chosen over a better but
delayed alternative outcome). For example Lade
recently suggested that temporal discounting might be
better understood by integrating the Zhang incentive
salience model with a standard utility function for
quasi-hyperbolic discounting (Lade, 2011). As Lade
puts it, “cue- triggered ‘wanting’ increases the motiva-
tional value of the immediately obtainable reward, and
does not decrease the discounting factor with which
future rewards are discounted. Impulsivity can be seen
as the desire for immediate gratification on top of the
impatience that is already measured by the discount
rate δ” (p. 15, Lade, 2011). Such modulations also seem
consistent with the visceral influences hypothesis of
George Loewenstein, a hypothesis which suggests that
ordinarily people underestimate the impact that future
visceral states such as hunger, emotional or sexual
arousal, or even curiosity will have on their future deci-
sions in those states (Loewenstein, 1996; Loewenstein
et al., 2003). Related applications have included demon-
strations that when people are “jilted” (romantically or
socially rejected by another person), or thwarted from
obtaining a desired item, they may selectively increase
“wanting” for the same item while “liking” it less (Litt
et al., 2010), and demonstrations that people’s ratings of
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incentive values can diverge from their ratings of like-
ability for the same item (Dai et al., 2010).

s0080 BERRIDGE’S CRITIQUE OF THE
DOPAMINE REWARD-LEARNING

HYPOTHESIS

p0320 Proponents of the incentive salience hypothesis
above, such as Berridge, also point to empirical evi-
dence suggesting that dopamine does not serve as a
mechanism to cause either remembered utility or pre-
dicted utility. Such evidence comes from experiments
indicating that dopamine actually is not needed for
reward learning, and does not causally act as a teach-
ing signal to establish new memories or as a prediction
signal to create expectations of future rewards
(Berridge, 2012; Cagniard et al., 2006; Flagel et al., 2011;
Robinson et al., 2005; Saunders and Robinson, 2012;
Shiner et al., 2012Smith et al., 2011). There are several
examples of evidence against the idea that dopamine
signals are mechanisms for learning new reward-
predictions. One example is evidence that dopamine is
simply not needed to learn many kinds of new reward
values nor to retrieve previously learned reward
values. How can dopamine surges be needed for
teaching signals or prediction errors, if many reward
values are learned perfectly well without any dopa-
mine? For example, rats that have lost nearly 100% of
their brain dopamine (due to microinjections into their
brains of a neurotoxin that selectively kills dopamine
neurons) remain perfectly able to learn a new dislike
for a distinctive sweet taste that they originally liked
(through a Pavlovian learning process called taste
aversion learning) (Berridge and Robinson, 1998).
Likewise a number of new positive reward values are
learned quite well without dopamine by mutant mice,
which are congenitally unable to make any dopamine
because they lack a dopamine synthesis gene: such
mice still successfully learn where to find a sugar
reward or a cocaine reward (Cannon and Palmiter,
2003; Hnasko et al., 2007; Robinson et al., 2005). As
dopamine-free rats and mice seem to learn those new
predictions perfectly well, they seem to have capacity
for normal predicted utility values. What they seem
unable to do is to “want” the rewards that they “like”
and learn about. Without dopamine they would volun-
tarily starve to death even if surrounded by mountains
of tasty food if they were not artificially fed or periodi-
cally given dopamine medication.

p0325 Conversely, opposite mutant mice that have extra
dopamine in their brain synapses seem to “want”
rewards more intensely than normal mice, but do not
learn any faster or better about rewards (Cagniard
et al., 2006; Peciña et al., 2003). Similarly, boosting

dopamine in people who need it may fail to improve
learning per se, but rather improves performance in a
way that suggested the dopamine boost specifically
enhanced their attention and motivation to earn
reward (Shiner et al., 2012; Smittenaar et al., 2012).
These patterns help bolster the conclusion that dopa-
mine changes most specifically alter decision utility
(“wanting”) without necessarily altering remembered
utility, predicted utility or experienced utility (learning
or “liking”).

p0330Proponents of the incentive salience hypothesis
also offer an alternative non-learning explanation for
why dopamine neuron activations so often obey the
prediction error model of reinforcement learning, as
described in other chapters of this book: the dopa-
mine neurons are actually coding decision utility as
“wanted” value. They suggest that dopamine signals
appear to encode pure prediction errors in many
studies because those studies have allowed experi-
mental confounds that let Zhang equation decision
utility signals mimic prediction error signals
(Berridge, 2012).

p0335Why have prediction error theorists mistaken dopa-
mine as a remembered/anticipated utility mechanism
if it actually causes pure decision utility? Because they
have relied so heavily on experiments that confounded
those utility types together. Remember that when κ5 1
in the Zhang equation, the incentive salience output
mimics a temporal difference model (which provides
half the input to incentive salience). That is because
the (rt) associative input is not transformed when
κ5 1, but rather is copied faithfully from cached learn-
ing input to become the motivational output.
Whenever the physiological state in training is nearly
replicated in subsequent testing, κ5 1. Because the
Zhang equation takes prediction error signals as one-
half the input, experiments that clamp mesolimbic
brain states at a constant level ensure that only the
learning half of prediction error inputs will be
expressed as Zhang equation outputs in incentive
salience. Physiological clamping essentially puts an
experimenter’s thumb on the “scale” to make sure
decision utility always tracks predicted utility. If parti-
cipants are trained and tested in a constantly clamped
physiological state, dopamine neurons will look like
they code prediction errors even if they actually code
incentive salience. For example, monkeys in classic
dopamine neuron recording experiments usually were
tested in constant thirst. And most human neuroimag-
ing studies typically test participants in a single con-
stant state. Such studies avoided variation in states
that would alter the Zhang equation kappa value (e.g.,
appetite, satiety, stress, intoxication, withdrawal).
Prediction error theorists may have therefore mistaken
some mesolimbic decision utility signals for current
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value to be pure prediction signals that provide inputs
to the computation.

p0340 In real life, physiological states typically fluctuate
between appetites and satiety, intoxication and sobri-
ety, stress and relaxation, etc., unlike in state-clamped
experiments. Real life fluctuations therefore powerfully
modulate the decision utility or temptation power of
relevant reward cues. That is why one can easily
ignore food cues after dinner, but be riveted and moti-
vated by the same food cues if one hasn’t eaten all
day, and why an addict who has successfully resisted
drug cues many times, may upon a later encounter
with the same cues be precipitated back into addictive
relapse (for example, in a state of stress, or emotional
excitement, or after having just tried to take “just one
hit”). These fluctuations in states and the amplified
temptation power of the reward cues all act by raising
kappa to multiply the decision utility triggered by rele-
vant cues. That is the essence of the incentive-
sensitization theory of addiction: drug cues trigger
intense “wanting” in addicts who have sensitized
brains, especially when encountered in vulnerable
states of raised kappa (Robinson and Berridge, 2003;
Zhang et al., 2012). Such addicts can “want” their
drugs far more intensely than is justified by either
their learned values of remembered utility or expecta-
tions of future predicted utility for the same drugs.

s0085 O’DOHERTY’S RESPONSE TO THE
CRITIQUE OF THE REWARD-LEARNING

HYPOTHESIS

p0345 Much primary evidence in favor of the prediction
error hypothesis is described in Chapters 15 and 16. In
response to the incentive salience critique above, a
number of points can also be made in defense of the
reward-learning hypothesis presented in those chap-
ters. These replies are suggested here by co-author
O’Doherty. First of all, O’Doherty contends that while
there is some evidence from the selective dopamine
lesion studies and genetic studies described above to
indicate that aspects of reward-learning can remain
intact without the presence of dopamine, additional
evidence by some of the same researchers involved in
the studies cited above and others, indicates effects of
dopamine manipulations directly on learning (Darvas
et al., 2011; Frank et al., 2004; Parker et al., 2011;
Robinson et al., 2007). Furthermore, out of the studies
that fail to report an effect of dopamine on learning
cited above, such studies have typically not been
designed to separate out different types of reward-
learning such as Pavlovian conditioning and two types
of instrumental conditioning: goal-directed and habit
learning (Balleine and Dickinson, 1998). Typically in

such paradigms, all three of these processes are operat-
ing and could contribute to observed behavior. The
reason why this is important for the debate is that
according to recent proposals regarding the role of
dopamine in reinforcement-learning (see Chapter 21)
it is suggested that dopamine contributes only to
some types of reward-learning but not other types.
Specifically, in the domain of instrumental condition-
ing dopamine is suggested to contribute only to habit-
ual stimulus-response learning but not to learning of
goal-directed instrumental associations. If dopamine is
not involved in goal-directed instrumental learning
but is involved in habitual learning, tasks that con-
found these processes may not be sensitive enough to
detect learning impairments after dopaminergic chal-
lenges, because behavior could still in principle be
supported by the system left unaffected by the absence
of dopamine. In order to definitively address this ques-
tion it would be necessary to use appropriate tasks
and behavioral methods in order to discriminate
between different instrumental learning processes such
as over- and under-training, and reinforcer devaluation
(see Chapter 21) which can discriminate habitual from
goal-directed control (Balleine and Dickinson, 1998;
Dickinson and Balleine, 2010).

p0350Furthermore, even within the Pavlovian system
there appears to be evidence that some types of learn-
ing may be under dopaminergic control while others
may not. Recent evidence suggests that Pavlovian con-
ditioned sign-tracking behavior may depend on dopa-
mine and on reward-prediction errors during learning,
while another type of Pavlovian conditioned behavior,
goal-tracking may not depend on dopamine, and more
specifically on reward-prediction errors (Flagel et al.,
2011). Consequently, even in a simple Pavlovian condi-
tioning paradigm it may be necessary to distinguish
between those reward-learning systems that are dopa-
mine dependent from those which are not. New tools
are rapidly coming on line that will enable this ques-
tion to be more definitively addressed. These include
new methods for selectively activating dopamine neu-
rons using optogenetics. It has already been shown
using optogenetic techniques that dopamine activity is
sufficient to enable reward conditioning to take place
(Tsai et al., 2009), although in that particular paradigm
the precise cause of the effect could be attributed to
either the reward-learning hypothesis or the incentive
salience hypothesis.

s0090INTEGRATION BETWEEN THE TWO
VIEWPOINTS?

p0355Are there any grounds under which these two
hypotheses can be reconciled? In the opinion of both
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co-authors there is room for a degree of accommoda-
tion between the two viewpoints. Due to the remark-
able efficiency of brain systems conferred by evolution,
dopamine is unlikely to be involved exclusively in one
function. Instead, it is entirely feasible that dopamine
accommodates multiple functions, from movement to
attention, and several of these and other additional
functions simultaneously may be involved in choosing
and pursuing goals.

p0360 Further, in the opinion of O’Doherty, this multiplic-
ity of dopamine functions may even be enough to rec-
oncile learning versus motivation hypotheses of reward
utility described above. In other words, dopamine may
be necessary for certain types of reward-learning as
well as for performance of reward-related behaviors.
One way this could occur is through different actions
of dopamine in different locations in the brain, on dif-
ferent types of receptors, as well as on different tempo-
ral scales. For instance, some computational models
of dopamine function propose that phasic and
tonic dopamine have different properties, whereas
phasic dopamine represents reward-prediction errors,
tonic dopamine is proposed to be involved in modulat-
ing the vigor of instrumental responding, somewhat
similar to that described in the incentive salience
hypothesis (Niv et al., 2007).

p0365 However, in the opinion of Berridge, dopamine is
not likely to be needed to mediate any type of reward-
learning at all, and so not be a component of remem-
bered utility or predicted utility. He would counter
that at least some demonstrations where rodents suc-
cessfully learned-without-dopamine included rather
pure Pavlovian learning (e.g., taste-aversion learning
in which a taste CS predicts an illness UCS). Others
included learning that would be considered either to
be Pavlovian or habits, so that either/or both types of
learning occurred without dopamine (e.g., dopamine-
free mice learn to prefer a drinking spout that contains
sugar water over another water spout; this can
be viewed either as Pavlovian learning (i.e., spout5CS,
sugar5UCS) or a learned stimulus-response habit (i.e.,
a motor habit comprising a sequence of movements
toward the sugar spout). Further, many studies ostensi-
bly finding prediction error encoding by phasic brain
activations may be flawed by experimental confounds
(e.g., due to clamping of physiological states) which
makes their results ambiguous. Finally, Berridge views
the special dependence on dopamine of sign-tracking
(being attracted toward a CS that predicts reward) as
occurring precisely because dopamine mediates the
incentive salience “wanting” that must be targeted to
the CS to make it attractive (not because dopamine was
needed to learn that the CS predicts reward), whereas
goal-tracking has other mechanisms available to reach
its goal (including habit-learning, which again in this

case seems not to need dopamine) (Flagel et al., 2011;
Saunders and Robinson, 2012). This interpretation
seems to be supported by others who study dopamine
in sign-tracking, including some involved in the study
mentioned by O’Doherty: “we suggest that the role of
dopamine in the nucleus accumbens core in stimulus-
reward learning is to attribute incentive salience to
reward cues” (p.10, Saunders and Robinson, 2012). If
the view of those authors and Berridge is correct then
the reward-learning hypothesis for dopamine would of
course need to be discarded.

p0370In a further counter-response, O’Doherty would
point out that evidence from taste-aversion learning
may not be conclusive because according to most for-
mulations of the dopamine-learning hypothesis, aver-
sive conditioning may not depend at all on dopamine
reward-prediction error signals, and because taste
aversion is a unique form of Pavlovian conditioning in
that it requires dramatically less temporal contiguity
between CS and UCS in order to take place than other
forms of conditioning, therefore suggesting a depen-
dence on very different computational mechanisms
than other forms of conditioning.

p0375Still, both co-authors heartily agree that dopamine is
involved in performance factors. This is clearly the
case, because of the basic observation that the absence
of dopamine results in the inability for animals and
humans to generate movements. Thus, both co-authors
agree that an integrated theory of dopamine function
will need to account for the potential contributions of
dopamine to both learning and performance.

s0095
CONCLUSION

p0380Experienced utility is the essence of rewarding out-
comes, but several other types of reward utility also
contribute to the decision to choose a particular out-
come. This combination of utility types complicates the
tasks of economists, psychologists and neuroscientists
who wish to understand how decisions are made.

p0385Here we have suggested that experienced utility is
registered in the brain by widespread neural activa-
tions in a diffuse circuit network involving many brain
structures. By comparison to registration that codes an
outcome, the causal generation of its experienced util-
ity may restricted to a much smaller network compris-
ing deep brain hedonic hotspots.

p0390Beyond experienced utility, other types of antici-
pated/predicted utility, remembered utility, and deci-
sion utility are also involved in choosing and pursuing
reward outcomes. The particular brain mechanisms
that mediate these additional utility forms are becom-
ing clearer, though debates still continue about impor-
tant mechanisms, such as the role of dopamine. We

347CONCLUSION

NEUROECONOMICS

Glimcher 978-0-12-416008-8 00018

Only for authorized individual scholarly use.  Reproduction is prohibited.



expect that future research will resolve these debates
and produce even more agreement. Such develop-
ments will further build scientific understanding of
how experienced utility arises in the brain, and
becomes translated into decision utility.

p0395 Finally, the existence of multiple types of utility
must be acknowledged to raise potential quandaries
for policy makers, at least in situations when decision
utility diverges from experienced utility. In such a situ-
ation, a person may choose an outcome with highest
decision utility that fails to maximize their actual expe-
rienced utility. Conversely, constraining them to accept
a different outcome that carries highest experienced
utility may force them to forego the one with highest
decision utility. Should a policy maker nudge such
cases into maximized experienced utility to ensure
greatest pleasure and least pain (Kahneman et al., 1997;
Thaler and Sunstein, 2009)? Or instead allow uncon-
strained freedom of choice to maximize decision util-
ity at the expense of bruised hedonic outcomes? It is
beyond our scope to answer such questions, but we
hope the process of arriving at better answers might
be informed by the perspectives on utility sketched
here.

s0100 Acknowledgment

p0400 Research by the authors described here was supported by grants to K.C.
B. from the U.S. National Institute of Mental Health and from the
National Institute of Drug Abuse, and to J.O.D. from the U.S. National
Science Foundation, the National Institute of Drug Abuse, and the
Gordon and Betty Moore Foundation.

References

Adam, R., et al., 2012. DopamineAU:3 reverses reward insensitivity in
apathy following globus pallidus lesionsAU:4 . Cortex.(0), .

Adcock, R.A., Thangavel, A., Whitfield-Gabrieli, S., Knutson, B.,
Gabrieli, J.D., 2006. Reward-motivated learning: mesolimbic
activation precedes memory formation. Neuron 50 (3),
507�517.

Anderson, A.K., et al., 2003. Dissociated neural representations of
intensity and valence in human olfaction. Nature Neurosci. 6 (2),
196�202.

Balleine, B.W., Dickinson, A., 1998. Consciousness�the interface
between affect and cognition. In: Cornwell, J. (Ed.),
Consciousness and Human Identity. Oxford University Press,
New York, NY, pp. 57�85.

Bayer, H.M., Glimcher, P.W., 2005. Midbrain dopamine neurons
encode a quantitative reward prediction error signal. Neuron
47 (1), 129�141.

Bechara, A., Damasio, H., Tranel, D., Damasio, A.R., 1997. Deciding
advantageously before knowing the advantageous strategy.
Science 275 (5304), 1293�1295.

Bechara, A., Damasio, H., Tranel, D., Damasio, A.R., 2005. The Iowa
gambling task and the somatic marker hypothesis: some ques-
tions and answers. Trends Cogn. Sci. 9 (4), 159�162 (discussion
162�154).

Beer, J.S., Lombardo, M.V., Bhanji, J.P., 2010. Roles of medial prefron-
tal cortex and orbitofrontal cortex in self-evaluation. J. Cogn.
Neurosci. 22 (9), 2108�2119.

Bentham, J. (1789). An Introduction to the Principles of Morals and
Legislation. Printed in the year 1780, and now first published.
London: T. Payne.

Berridge, K.C., 2001. Reward learning: reinforcement, incentives, and
expectations. In: Medin, D.L. (Ed.), The Psychology of Learning
and Motivation, 40. Academic Press, N.Y., pp. 223�278.

Berridge, K.C., 2004. Motivation concepts in behavioral neuroscience.
Physiol. Behav. 81 (2), 179�209.

Berridge, K.C., 2007. The debate over dopamine’s role in reward:
the case for incentive salience. Psychopharmacology. 191 (3),
391�431.

Berridge, K.C., 2012. From prediction error to incentive salience:
mesolimbic computation of reward motivation. Eur. J. Neurosci.
35 (7), 1124�1143.

Berridge, K.C., Aldridge, J.W., 2008. Decision utility, the brain and
pursuit of hedonic goals. Soc. Cogn. 26 (5), 621�646.

Berridge, K.C., Kringelbach, M.L., 2011. Building a neuroscience of
pleasure and well-being. Psychol. Well Being. 1 (1), 1�3.

Berridge, K.C., Robinson, T.E., 1998. What is the role of dopamine in
reward: hedonic impact, reward learning, or incentive salience?
Brain Res. Rev. 28 (3), 309�369.

Berridge, K.C., Winkielman, P., 2003. What is an unconscious emo-
tion? (the case for unconscious “liking”). Cogn. Emot. 17 (2),
181�211.

Blood, A.J., Zatorre, R.J., Bermudez, P., Evans, A.C., 1999. Emotional
responses to pleasant and unpleasant music correlate with activ-
ity in paralimbic brain regions. Nat. Neurosci. 2 (4), 382�387.

Boileau, I., et al., 2012. Higher binding of the dopamine d3 receptor-
preferring ligand [11c]-(1)-propyl-hexahydro-naphtho-oxazin in
methamphetamine polydrug users: a positron emission tomogra-
phy study. J. Neurosci. 32 (4), 1353�1359.

Breiter, H.C., Rosen, B.R., 1999. Functional magnetic resonance imaging
of brain reward circuitry in the human. Advancing from the Ventral
Striatum to the Extended Amygdala, vol. 877, pp. 523�547.

Breiter, H.C., Aharon, I., Kahneman, D., Dale, A., Shizgal, P., 2001.
Functional imaging of neural responses to expectancy and experi-
ence of monetary gains and losses. Neuron. 30 (2), 619�639.

Cagniard, B., Balsam, P.D., Brunner, D., Zhuang, X., 2006. Mice with
chronically elevated dopamine exhibit enhanced motivation,
but not learning, for a food reward. Neuropsychopharmacology.
31 (7), 1362�1370.

Cannon, C.M., Palmiter, R.D., 2003. Reward without dopamine.
J. Neurosci. 23 (34), 10827�10831.

Caplin, A., Leahy, J., 2001. Psychological expected utility theory and
anticipatory feelings. Q. J. Econ. 116 (1), 55�79.

Chapin, H., Jantzen, K., Scott Kelso, J.A., Steinberg, F., Large, E.,
2010. Dynamic emotional and neural responses to music
depend on performance expression and listener experience. PLoS
One. 5 (12), e13812.

Dai, X., Brendl, C.M., Ariely, D., 2010. Wanting, liking, and prefer-
ence construction. Emotion. 10 (3), 324�334.

Damasio, A., Damasio, H., Tranel, D., 2012. Persistence of feelings
and sentience after bilateral damage of the insula. Cereb. Cortex.

Damasio, A.R., 1996. The somatic marker hypothesis and the possible
functions of the prefrontal cortex. Philos. Trans. R. Soc. Lond.
Series B: Biol. Sci. 351 (1346), 1413�1420.

Damasio, A.R., 2004. Emotions and feelings: a neurobiological per-
spective. In: Manstead, A.S.R., Frijda, N., Fischer, A. (Eds.),
Feelings and Emotions: The Amsterdam Symposium. Cambridge
University Press, Cambridge, U.K., pp. 49�57.

Darvas, M., Fadok, J.P., Palmiter, R.D., 2011. Requirement of dopa-
mine signaling in the amygdala and striatum for learning and

348 18. FROM EXPERIENCED UTILITY TO DECISION UTILITY

NEUROECONOMICS

Glimcher 978-0-12-416008-8 00018

Only for authorized individual scholarly use.  Reproduction is prohibited.

http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref1
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref1
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref1
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref1
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref2
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref2
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref2
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref2
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref2
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref3
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref3
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref3
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref3
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref4
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref4
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref4
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref4
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref4
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref4
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref5
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref5
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref5
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref5
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref6
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref6
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref6
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref6
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref7
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref7
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref7
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref7
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref7
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref7
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref8
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref8
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref8
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref8
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref9
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref9
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref9
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref9
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref10
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref10
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref10
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref11
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref11
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref11
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref11
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref12
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref12
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref12
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref12
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref13
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref13
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref13
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref14
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref14
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref14
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref15
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref15
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref15
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref15
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref16
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref16
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref16
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref16
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref17
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref17
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref17
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref17
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref18
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref19
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref19
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref19
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref19
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref20
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref20
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref20
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref20
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref20
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref21
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref21
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref21
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref22
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref22
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref22
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref23
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref23
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref23
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref23
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref24
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref24
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref24
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref25
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref25
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref26
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref26
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref26
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref26
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref27
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref27
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref27
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref27
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref27
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref28
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref28
berridge
Cross-Out

berridge
Cross-Out

berridge
Inserted Text
Adam, R., Leff, A., Sinha, N., Turner, C., Bays, P., Draganski, B. & Husain, M. 2013. Dopamine reverses reward insensitivity in apathy following globus pallidus lesions. Cortex, 49, 1292-1303.

berridge
Cross-Out



maintenance of a conditioned avoidance response. Learn Mem.
18 (3), 136�143.

Darwin, C., 1872. The Expression of the Emotions in Man
and Animals (1998 edition: Revised and with commentary
by p. Ekman). Harper Collins � Oxford University Press,
Oxford.

Davey, C.G., Allen, N.B., Harrison, B.J., Dwyer, D.B., Yucel, M., 2010.
Being liked activates primary reward and midline self-related
brain regions. Human brain mapping. 31 (4), 660�668.

de Araujo, I.E., Rolls, E.T., Velazco, M.I., Margot, C., Cayeux, I., 2005.
Cognitive modulation of olfactory processing. Neuron. 46 (4),
671�679.

Dickinson, A., Balleine, B., 2010. Hedonics: the cognitive-
motivational interface. In: Kringelbach, M.L., Berridge, K.C.
(Eds.), Pleasures of the Brain. Oxford University Press, Oxford,
U.K., pp. 74�84.

Fischman, M.W., Foltin, R.W., 1992. Self�administration of cocaine
by humans: a laboratory perspective. In: Bock, G.R., Whelan, J.,
(eds.), Cocaine: Scientific and Social Dimensions, Ciba
Foundation Symposium no. 166, vol. 166. Wiley, Chichester, UK,
pp. 165�180.

Flagel, S.B., Clark, J.J., Robinson, T.E., Mayo, L., Czuj, A., Willuhn, I.,
et al., 2011. A selective role for dopamine in stimulus-reward
learning. Nature. 469 (7328), 53�57.

Frank, M.J., Seeberger, L.C., O’Reilly, R.C., 2004. By carrot or by stick:
Cognitive reinforcement learning in parkinsonism. Science. 306
(5703), 1940�1943.

Franklin Jr., R.G., Adams Jr., R.B., 2011. The reward of a good joke:
neural correlates of viewing dynamic displays of stand-up com-
edy. Cogn. Affect Behav. Neurosci.

Gilbert, D.T., 2006. Stumbling on Happiness. Alfred A. Knopf, New
York.

Glimcher, P.W., 2011. Understanding dopamine and reinforcement
learning: the dopamine reward prediction error hypothesis. Proc.
Natl. Acad. Sci. 108 (Suppl. 3), 15647�15654.

Hnasko, T., Sotak, B., Palmiter, R., 2007. Cocaine�conditioned place
preference by dopamine-deficient mice is mediated by serotonin.
J. Neurosci. 27 (46), 12484�12488.

Holtzheimer 3rd, P.E., Mayberg, H.S., 2010. Deep brain stimulation
for treatment-resistant depression. Am. J. Psychiatry. 167 (12),
1437�1444.

Kahneman, D., 1999. Assessments of individual well-being: a
bottom-up approach. In: Kahneman, D., Diener, E., Schwartz, N.
(Eds.), Well-Being: The Foundations of Hedonic Psychology.
Russel Sage Foundation, New York.

Kahneman, D., Wakker, P.P., Sarin, R., 1997. Back to bentham?
Explorations of experienced utility. Q. J. Econ. 112, 375�405.

Kirk, U., Skov, M., Hulme, O., Christensen, M.S., Zeki, S., 2009.
Modulation of aesthetic value by semantic context: an fmri study.
NeuroImage. 44 (3), 1125�1132.

Knutson, B., Gibbs, S.E., 2007. Linking nucleus accumbens dopamine
and blood oxygenation. Psychopharmacology (Berl).

Knutson, B., Adams, C.M., Fong, G.W., Hommer, D., 2001a.
Anticipation of increasing monetary reward selectively recruits
nucleus accumbens. J. Neurosci. 21 (16), U1�U5.

Knutson, B., Fong, G.W., Adams, C.M., Varner, J.L., Hommer, D.,
2001b. Dissociation of reward anticipation and outcome with
event- related fmri. Neuroreport. 12 (17), 3683�3687.

Knutson, B., Wimmer, G., Kuhnen, C., Winkielman, P., 2008. Nucleus
accumbens activation mediates the influence of reward cues on
financial risk taking. Neuroreport. 19 (5), 509�513.

Kringelbach, M.L., 2005. The human orbitofrontal cortex: linking
reward to hedonic experience. Nat. Rev. Neurosci. 6 (9),
691�702.

Kringelbach, M.L., 2009. The Pleasure Center: Trust your Animal
Instincts. Oxford University Press, New York.

Kringelbach, M.L., 2010. The hedonic brain: a functional neuroanat-
omy of human pleasure. In: Kringelbach, M.L., Berridge, K.C.
(Eds.), Pleasures of the Brain. Oxford University Press, Oxford, U.
K., pp. 202�221.

Kringelbach, M.L., Berridge, K.C., 2009. Towards a functional neuro-
anatomy of pleasure and happiness. Trends Cogn. Sci. 13 (11),
479�487.

Kringelbach, M.L., Berridge, K.C. (Eds.), 2010. Pleasures of the Brain.
Oxford University Press, Oxford.

Kringelbach, M.L., O’Doherty, J., Rolls, E.T., Andrews, C., 2003.
Activation of the human orbitofrontal cortex to a liquid food
stimulus is correlated with its subjective pleasantness. Cereb.
Cortex. 13 (10), 1064�1071.

Kringelbach, M.L., Green, A.L., Owen, S.L., Schweder, P.M., Aziz, T.
Z., 2010. Sing the mind electric � principles of deep brain stimu-
lation. Eur. J. Neurosci. 32 (7), 1070�1079.

Lade, L.K., 2011. Towards an incentive salience model of intertempor-
al choice. Papers on Economics and Evolution, (2011�18).
Retrieved from: ,http://ideas.repec.org/p/esi/evopap/2011-
18.html..

Leknes, S., Tracey, I., 2008. A common neurobiology for pain and
pleasure. Nat. Rev. Neurosci. 9 (4), 314�320.

Liljeholm, M., O’Doherty, J.P., 2012. Anything you can do, you can
do better: Neural substrates of incentive-based performance
enhancement. PLoS Biol. 10, 2.

Liljeholm, M., Tricomi, E., O’Doherty, J.P., Balleine, B.W., 2011.
Neural correlates of instrumental contingency learning: differen-
tial effects of action-reward conjunction and disjunction.
J. Neurosci. 31 (7), 2474�2480.

Lin, A., Adolphs, R., Rangel, A., 2012. Social and monetary reward
learning engage overlapping neural substrates. Soc. Cogn. Affect.
Neurosci. 7 (3), 274�281.

Litt, A., Khan, U., Shiv, B., 2010. Lusting while loathing: parallel
counterdriving of wanting and liking. Psychol. Sci. 21 (1),
118�125.

Loewenstein, G., 1996. Out of control: visceral influences on behav-
ior. Organ. Behav. Hum. Decis. Process. 65 (3), 272�292.

Loewenstein, G., Read, D., Baumeister, R.F., 2003. Time and Decision
: Economic and Psychological Perspectives on Intertemporal
Choice. Russell Sage, New York.

Mahler, S.V., Smith, K.S., Berridge, K.C., 2007. Endocannabinoid
hedonic hotspot for sensory pleasure: anandamide in nucleus
accumbens shell enhances “liking” of a sweet reward.
Neuropsychopharmacology. 32 (11), 2267�2278.

McClure, S.M., Berns, G.S., Montague, P.R., 2003. Temporal predic-
tion errors in a passive learning task activate human striatum.
Neuron. 38 (2), 339�346.

Miller, J., et al., 2006. Anhedonia after a selective bilateral lesion of
the globus pallidus. Am. J. Psychiatry. 163 (5), 786�788.

Niv, Y., Daw, N.D., Joel, D., Dayan, P., 2007. Tonic dopamine:
Opportunity costs and the control of response vigor.
Psychopharmacology. 191 (3), 507�520.

Niv, Y., Edlund, J.A., Dayan, P., O’Doherty, J.P., 2012. Neural predic-
tion errors reveal a risk-sensitive reinforcement-learning process
in the human brain. J. Neurosci. 32 (2), 551�562.

O’Doherty, J., et al., 2000. Sensory-specific satiety-related olfactory
activation of the human orbitofrontal cortex. Neuroreport. 11 (4),
893�897.

O’Doherty, J., Kringelbach, M.L., Rolls, E.T., Hornak, J., Andrews, C.,
2001. Abstract reward and punishment representations in the
human orbitofrontal cortex. Nature Neuroscience, vol, US Nature
America Inc; pp. 2095�2102.

349REFERENCES

NEUROECONOMICS

Glimcher 978-0-12-416008-8 00018

Only for authorized individual scholarly use.  Reproduction is prohibited.

http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref28
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref28
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref28
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref29
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref29
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref29
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref29
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref29
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref30
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref30
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref30
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref30
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref31
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref31
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref31
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref31
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref32
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref32
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref32
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref32
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref32
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref33
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref33
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref33
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref33
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref34
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref34
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref34
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref34
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref35
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref35
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref35
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref36
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref36
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref37
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref37
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref37
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref37
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref38
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref38
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref38
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref38
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref38
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref39
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref39
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref39
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref39
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref40
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref40
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref40
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref40
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref41
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref41
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref41
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref42
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref42
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref42
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref42
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref43
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref43
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref44
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref44
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref44
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref44
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref45
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref45
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref45
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref45
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref46
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref46
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref46
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref46
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref47
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref47
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref47
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref47
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref48
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref48
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref49
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref49
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref49
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref49
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref49
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref50
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref50
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref50
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref50
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref51
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref51
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref52
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref52
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref52
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref52
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref52
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref53
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref53
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref53
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref53
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref53
http://ideas.repec.org/p/esi/evopap/2011-18.html
http://ideas.repec.org/p/esi/evopap/2011-18.html
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref54
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref54
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref54
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref55
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref55
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref55
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref56
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref56
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref56
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref56
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref56
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref57
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref57
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref57
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref57
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref58
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref58
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref58
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref58
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref59
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref59
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref59
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref60
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref60
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref60
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref61
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref61
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref61
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref61
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref61
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref62
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref62
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref62
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref62
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref63
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref63
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref63
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref64
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref64
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref64
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref64
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref65
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref65
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref65
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref65
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref66
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref66
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref66
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref66


O’Doherty, J., Winston, J., Critchley, H., Perrett, D., Burt, D.M.,
Dolan, R.J., 2003a. Beauty in a smile: the role of medial orbitofron-
tal cortex in facial attractiveness. Neuropsychologia. 41 (2),
147�155.

O’Doherty, J., Dayan, P., Schultz, J., Deichmann, R., Friston, K.,
Dolan, R.J., 2004. Dissociable roles of ventral and dorsal
striatum in instrumental conditioning. Science. 304 (5669),
452�454.

O’Doherty, J.P., 2011. Contributions of the ventromedial prefrontal
cortex to goal-directed action selection. Ann. N. Y. Acad. Sci.
1239, 118�129.

O’Doherty, J.P., Deichmann, R., Critchley, H.D., Dolan, R.J., 2002.
Neural responses during anticipation of a primary taste reward.
Neuron. 33 (5), 815�826.

O’Doherty, J.P., Dayan, P., Friston, K., Critchley, H., Dolan, R.J.,
2003. Temporal difference models and reward-related learning in
the human brain. Neuron. 38 (2), 329�337.

O’Doherty, J.P., Buchanan, T.W., Seymour, B., Dolan, R.J., 2006.
Predictive neural coding of reward preference involves dissocia-
ble responses in human ventral midbrain and ventral striatum.
Neuron. 49 (1), 157�166.

Parker, J.G., et al., 2011. Attenuating gabaa receptor signaling in
dopamine neurons selectively enhances reward learning and
alters risk preference in mice. J. Neurosci. 31 (47),
17103�17112.

Parsons, C.E., Young, K.S., Murray, L., Stein, A., Kringelbach, M.L.,
2010. The functional neuroanatomy of the evolving parent�infant
relationship. Prog. Neurobiol. 91 (3), 220�241.

Peciña, S., Berridge, K.C., 2005. Hedonic hot spot in nucleus accum-
bens shell: where do mu-opioids cause increased hedonic impact
of sweetness?. J. Neurosci. 25 (50), 11777�11786.

Peciña, S., Cagniard, B., Berridge, K.C., Aldridge, J.W., Zhuang, X.,
2003. Hyperdopaminergic mutant mice have higher “wanting”
but not “liking” for sweet rewards. J. Neurosci. 23 (28),
9395�9402.

Peciña, S., Smith, K.S., Berridge, K.C., 2006. Hedonic hot spots in the
brain. Neuroscientist. 12 (6), 500�511.

Pessiglione, M., Schmidt, L., Draganski, B., Kalisch, R., Lau, H.,
Dolan, R., et al., 2007. How the brain translates money into force:
a neuroimaging study of subliminal motivation. Science. 316
(5826), 904�906.

Plassmann, H., O’Doherty, J., Shiv, B., Rangel, A., 2008. Marketing
actions can modulate neural representations of experienced pleas-
antness. Proc. Natl. Acad. Sci. U.S.A. 105 (3), 1050�1054.

Rilling, J., Gutman, D., Zeh, T., Pagnoni, G., Berns, G., Kilts, C.,
2002. A neural basis for social cooperation. Neuron. 35 (2),
395�405.

Risinger, R.C., Salmeron, B.J., Ross, T.J., Amen, S.L., Sanfilipo, M.,
Hoffmann, R.G., et al., 2005. Neural correlates of high and craving
during cocaine self-administration using bold fmri. Neuroimage.
26 (4), 1097�1108.

Robinson, M.D., Clore, G.L., 2002. Belief and feeling: Evidence for an
accessibility model of emotional self-report. Psychol. Bull. 128 (6),
934�960.

Robinson, S., Sandstrom, S.M., Denenberg, V.H., Palmiter, R.D.,
2005. Distinguishing whether dopamine regulates liking, want-
ing, and/or learning about rewards. Behav. Neurosci. 119 (1),
5�15.

Robinson, S., Rainwater, A.J., Hnasko, T.S., Palmiter, R.D., 2007. Viral
restoration of dopamine signaling to the dorsal striatum restores

instrumental conditioning to dopamine-deficient mice.
Psychopharmacology (Berl). 191 (3), 567�578.

Robinson, T.E., Berridge, K.C., 1993. The neural basis of drug crav-
ing: an incentive-sensitization theory of addiction. Brain Res. Rev.
18 (3), 247�291.

Robinson, T.E., Berridge, K.C., 2003. Addiction. Annu. Rev. Psychol.
54 (1), 25�53.

Rolls, E.T., O’Doherty, J., Kringelbach, M.L., Francis, S., Bowtell, R.,
McGlone, F., 2003. Representations of pleasant and painful touch
in the human orbitofrontal and cingulate cortices. Cereb. Cortex.
13 (3), 308�317.

Saunders, B.T., Robinson, T.E., 2012. The role of dopamine in the
accumbens core in the expression of pavlovian-conditioned
responses. Eur. J. Neurosci. (online AU:5first).

Schultz, W., 2010. Dopamine signals for reward value and risk: basic
and recent data. Behav. Brain Funct. 6 (1), 24.

Schultz, W., Dayan, P., Montague, P.R., 1997. A neural substrate of
prediction and reward. Science. 275, 1593�1599.

Shiner, T., et al., 2012. Dopamine and performance in a reinforcement
learning task: Evidence from parkinson’s disease. Brain. 135 (6),
1871�1883.

Sienkiewicz-Jarosz, H., et al., 2005. Taste responses in patients with
parkinson’s disease. J. Neurol. Neurosurg. Psychiatry. 76 (1),
40�46.

Small, D.M., Zatorre, R.J., Dagher, A., Evans, A.C., Jones-Gotman,
M., 2001. Changes in brain activity related to eating chocolate �
from pleasure to aversion. Brain. 124, 1720�1733.

Smith, K.S., Berridge, K.C., 2005. The ventral pallidum and hedonic
reward: neurochemical maps of sucrose “liking” and food intake.
J. Neurosci. 25 (38), 8637�8649.

Smith, K.S., Berridge, K.C., 2007. Opioid limbic circuit for reward:
Interaction between hedonic hotspots of nucleus accumbens and
ventral pallidum. J. Neurosci. 27 (7), 1594�1605.

Smith, K.S., Mahler, S.V., Pecina, S., Berridge, K.C., 2010. Hedonic
hotspots: generating sensory pleasure in the brain.
In: Kringelbach, M.L., Berridge, K.C. (Eds.), Pleasures of the
Brain. Oxford University Press, Oxford, U.K., pp. 27�49.

Smith, K.S., Berridge, K.C., Aldridge, J.W., 2011. Disentangling
pleasure from incentive salience and learning signals in brain
reward circuitry. Proc. Natl. Acad. Sci. U.S.A. 108 (27),
E255�264.

Smittenaar, P., Chase, H.W., Aarts, E., Nusselein, B., Bloem, B.R.,
Cools, R., 2012. Decomposing effects of dopaminergic
medication in parkinson’s disease on probabilistic action selec-
tion � learning or performance? Eur. J. Neurosci. 35 (7),
1144�1151.

Steiner, J.E., Glaser, D., Hawilo, M.E., Berridge, K.C., 2001.
Comparative expression of hedonic impact: affective reactions to
taste by human infants and other primates. Neurosci. Biobehav.
Rev. 25 (1), 53�74.

Thaler, R.H., Sunstein, C.R., 2009. Nudge: Improving Decisions
About Health, Wealth and Happiness (Rev. and exp. ed.).
Penguin, New York.

Toates, F., 1986. Motivational Systems. Cambridge University Press,
Cambridge.

Tsai, H.C., et al., 2009. Phasic firing in dopaminergic neurons is
sufficient for behavioral conditioning. Science. 324 (5930),
1080�1084.

Valenstein, E.S., 1986. Great and Desperate Cures: The Rise and
Decline of Psychosurgery and other Radical Treatments for
Mental Illness. Basic Books, New York.

Vuust, P., Kringelbach, M.L., 2010. The pleasure of music.
In: Kringelbach, M.L., Berridge, K.C. (Eds.), Pleasures of the
Brain. Oxford University Press, Oxford, U.K., pp. 255�269.

350 18. FROM EXPERIENCED UTILITY TO DECISION UTILITY

NEUROECONOMICS

Glimcher 978-0-12-416008-8 00018

Only for authorized individual scholarly use.  Reproduction is prohibited.

http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref67
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref67
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref67
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref67
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref67
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref68
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref68
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref68
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref68
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref68
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref69
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref69
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref69
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref69
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref69
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref70
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref70
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref70
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref70
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref71
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref71
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref71
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref71
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref72
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref72
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref72
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref72
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref73
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref73
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref73
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref73
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref73
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref74
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref74
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref74
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref74
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref74
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref75
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref75
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref75
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref75
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref75
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref76
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref76
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref76
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref76
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref77
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref77
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref77
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref77
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref77
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref78
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref78
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref78
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref79
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref79
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref79
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref79
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref79
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref80
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref80
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref80
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref80
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref81
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref81
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref81
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref81
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref82
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref82
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref82
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref82
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref82
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref83
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref83
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref83
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref83
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref84
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref84
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref84
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref84
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref84
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref85
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref85
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref85
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref85
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref85
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref86
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref86
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref86
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref86
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref87
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref87
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref87
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref88
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref88
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref88
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref88
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref88
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref89
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref89
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref89
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref89
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref90
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref90
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref91
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref91
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref91
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref92
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref92
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref92
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref92
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref93
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref93
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref93
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref93
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref94
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref94
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref94
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref94
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref95
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref95
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref95
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref95
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref96
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref96
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref96
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref96
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref97
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref97
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref97
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref97
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref97
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref98
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref98
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref98
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref98
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref98
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref99
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref100
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref100
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref100
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref100
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref100
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref101
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref101
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref102
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref102
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref102
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref102
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref103
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref103
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref103
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref104
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref104
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref104
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref104
berridge
Cross-Out

berridge
Inserted Text
, 36, 2521-2532.

berridge
Cross-Out

berridge
Cross-Out



Wilson, T.D., 2002. Strangers to Ourselves: Discovering the Adaptive
Unconscious. Belknap Press of Harvard University Press,
Cambridge, Mass.

Winkielman, P., Berridge, K.C., Wilbarger, J.L., 2005. Unconscious
affective reactions to masked happy versus angry faces influence
consumption behavior and judgments of value. Pers. Soc.
Psychol. Bull. 31 (1), 121�135.

Wyvell, C.L., Berridge, K.C., 2000. Intra�accumbens amphetamine
increases the conditioned incentive salience of sucrose reward:
Enhancement of reward “wanting” without enhanced “liking” or
response reinforcement. J. Neurosci. 20 (21), 8122�8130.

Wyvell, C.L., Berridge, K.C., 2001. Incentive-sensitization by previous
amphetamine exposure: increased cue-triggered “wanting” for
sucrose reward. J. Neurosci. 21 (19), 7831�7840.

Zhang, J., Berridge, K.C., Tindell, A.J., Smith, K.S., Aldridge, J.W.,
2009. A neural computational model of incentive salience. PLoS
Comput. Biol. 5 (7), e1000437.

Zhang, J., Berridge, K.C., Aldridge, J.W., 2012. Computational mod-
els of incentive-sensitization in addiction: dynamic limbic trans-
formation of learning into motivation. In: Gutkin, B., Ahmed, S.H.
(Eds.), Computational Neuroscience of Drug Addiction, vol. 10.
Springer, New York, pp. 189�204.

351REFERENCES

NEUROECONOMICS

Glimcher 978-0-12-416008-8 00018

Only for authorized individual scholarly use.  Reproduction is prohibited.

http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref105
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref105
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref105
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref106
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref106
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref106
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref106
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref106
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref107
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref107
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref107
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref107
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref107
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref107
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref108
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref108
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref108
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref108
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref109
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref109
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref109
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref110
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref110
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref110
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref110
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref110
http://refhub.elsevier.com/B978-0-12-416008-8.00018-8/sbref110


Glimcher 978-0-12-416008-8 00018

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), reviewer(s), Elsevier
and typesetter MPS. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.


	18 From Experienced Utility to Decision Utility
	Introduction
	Experienced Utility
	Brain Mechanisms of Sensory Pleasure: Window into Experienced Utility Generators

	Experienced Utility: Neuroimaging Brain Activations in Humans
	Relating Rodent to Human Findings: Causing versus Coding Experienced Utility

	Beyond Experienced Utility
	Experienced Utility versus Decision Utility
	Anticipated or Predicted Utility

	Identifying What Does What for Brain Mechanisms of Outcome Utilities
	Brain Mesolimbic Dopamine: Anticipated/Predicted Utility or Pure Decision Utility?
	Berridge’s Incentive Salience Theory: Dopamine as Pure Decision Utility
	Incentive Salience “Wanting” versus Ordinary Wanting
	Computational Modeling of Incentive Salience as Decision Utility
	Applications of Incentive Salience Computation in Economics

	Berridge’s Critique of the Dopamine Reward-Learning Hypothesis
	O’Doherty’s Response to the Critique of the Reward-Learning Hypothesis
	Integration Between the Two Viewpoints?
	Conclusion
	Acknowledgment
	References




