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CHAPTER 7

Motivational Influences on Cognitive Control;
A Cognitive Neuroscience Perspective

Hannah S. Locke and Todd S. Braver

ABSTRACT

Motivation is an important companent of self-regulation that helps set the effort level an organismis
willing to expend to achieve a desired goal. However, motivation is an clusive concept in psychologi
cal research, with investigations typically targeting either very macro-level (c.g, effects of personality
individual differences and experimental manipulations on global behavior) or very micro-level (e,
physiological interventions targeting specific brain structures) processes, Thus, the current state of
knowledge is very poor regarding the particular mechanisms by which motivation influences cogni-
tive and neural systems to drive changes in specific components of behavior. This chapter reviews
major perspectives on motivation arising from both the social-personality and neurascience litera-
tures, and then discuss how a cognitive neuroscicnce perspective might be fruitfully applied to fill
the gaps between them. Specifically, the chapter reviews literature, including our own recent work,
that suggests motivational manipulations impact brain regions associated with the exertion of spe-
cific cognitive control functions, ‘The chapter concludes by outlining unresolved guestions in motiva-
tion, and by suggesting directions for future progress in this domain.

Keywords: Dopamine, nucleus accumbens, basal ganglia, prefrontal cortex, orbitofrontal cortex,
insula, amygdala, anterior cingulate cortex, reward, punishment, affect, incentive salience, individ-
ual differences, working memory, attention

T —— deciding which course of action is most appeal-

Cocnimive ConTrOL: A COGNITIVE
NEUROSCIENCE PERSPECTIVE

Self-control involves bringing behavior in line
with goals. Given that achieving one goal may
preclude pursuing another, it is important to be
able to prioritize compeling goals, and allocate
resources accordingly. We suggest that motiva-
tion is a central component of self-control, as it
ivolves weighing benefits and cosls of actions,

ing, and selting effort levels in accordance with
the value of the eventual goal. Importantly,
motivational influences are not only of interest
in the study of overt behavior, but have begun
to be investigated in terms of their effects on
cognition, such as learning and performance
strategies and cognitive control processes (e.q.
see Markman, Maddox, & Baldwin, 2005), 'The
interaction between motivational and cogni-
tive control systems is a kev arca of interest, as
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coguitive control resources, such as sustained
uliﬁmion\ are costly but potentially useful sell-
regulatory mechanisms that can be brought to
bear on task performance, given enough incen-
tive to outweigh the costs. This chapter argues
that the cognitive neuroscience approach, with
its ability to bridge different levels of explana-
tion and analysis—neurobiological, cognitive,
behavioral, individual differences, and social-

; 'psychologic&l—is well-suited to the study of
“motivation, and hence to gaining a more thor-
'-.51',13}1 understanding of self-control.

Although motivation has been the subject of

psychological research for decades, there is not a
z _|‘ 3 . .

“consensus on whatitscore featuresare. Motivation
aften described generally as the internal drive

“qoact, as ilit were a force of its own, akin to the
concept of will. However, this vague definition

ntlevels of analysis without endeavoring to
weir work to other areas. Therefore, the aim

i sections of the literature review
at the contributions of social and

0 are the people that come into
articipate in experiments, and how

15, goals, and personalities aiTect
Hvation? Neuroscientisty study the
Ctrum to ask how the brains
MAmans process stimuli associ-
d punishment. Finally, the
ience approach 1o motivation
Bhtiveand neural mechanisms

that underlie individuals' ability to enact behay-
ior that matches their coals and motivations.
Following the sections reviewing these three
areas, a linal section attempts to integrate Lthese
cisparate views ol motivation.

SOCIAL AND PERSONALITY PERSPECTIVES

Social and personality psychologists argue that
both individual variables, such as goals, affect,
self-image, and personality, and task variables,
such as the framing and social context, interact
to influence the kind of rewards and punish
ments that will influence motivation at a high
level, This body of research demonstrates that
knowledge about individual dilferences can
provide greater explanatory power to under
stand task behavior than can approaches that
examine only average group responses. Various
theorists from within this tradition have pro-
vided accounts of motivation that attempt to
specily the nature of the interaction between
goals, self-image, personality, and motivation.

Carver and Scheier view motivation as aris-
ing from the activity of feedback loops, using
the individual’s goal value as the set point, and
working to reduce discrepancies between the
current stale and the goal value (Carver, Sutton,
& Scheler, 2000). A second level in the feedback
system monitors progress toward the goal value,
and it is this rate of progress that influences
affect. Positive affect occurs when the system
detects greater progress toward the goal than
expected. Conversely, negative atfect occurs
when less than expected progress is detected,
No change in aftect occurs when goal progress
matches the cxpected value ‘Thus, when indi-
viduals have a goal in mind, there is a moni-
toring system linked to emotion that can exert
influence to prompt increased effort if progress
is not adequate. In this scenario, affect itself is
part of the reinforcement process, and thus isa
core component of motivational drive.

Goals are clearly an essential part of moti-
vational processes, but goals are heterogencous
by nature. The intentions that people form in
response to tasks can vary, and the type of inten-
tions individuals have can affect the likelihood
of success. Gollwitzer (1999) has postulated two
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distinct types of intention: goal intentions and
implementation intentions. Goal intentions
are focused on the end-point, the achievement
of a particular outcome that is desired, such as
getting a good grade on a test. Implementation
intentions, by contrast, are focused on how the
task is going 1o be accomplished, and have spe-
cific external cues associated with them—for
example, after T get back from the cafeteria, 1
am going to study for the test by looking at the
sample exam questions in the book. By break-
ing a larger goal intention down into the subset
of activities that need to be done to reach it, and
by setling environmental triggers, individu-
als who set implementation intentions achicve
higher rates of goal attainmenl than individuals
who do not (Gollwitzer, 1999).

Taking one step back from the structure
of goals, it is necessary to ask what factors
affect how goals are selected in the first place.
One answer is that individuals’ prediction of
affect (affective forecasting) can be a motiva-
tor to engage in a task——that is, individuals may
choose to take part in a task because they pre-
dict that the task’s reward will make them feel
happy (Gilbert & Wilson, 2000). Thus, the affec-
tive response that is generated when the person
is thinking about the reward is taken as a pre-
dictor of what the actual reaction to the receipt
of the reward will be. Gilbert and Wilson (2000)
have suggested that this prediction can be inac-
curate for a number of reasons, leading to the
phenomenon of “miswanting”-wanting some-
thing that is not liked, or enjoyed, when actually
received. For example, if people are in a particu-
larly good mood when evaluating a reward, it
may lead Lo an overestimation of how happy it
will make them in the fulure. because they base
this prediction on how they feel at the moment
they are thinking about the reward.

Expectancy is an important variable in moti-
vation, and not only where predictions of future
happiness are concerned. According to Bandura’s
Self Efficacy Theory, individuals” confidence in
their ability to accomplish a task at hand can
affect their motivation to engage in it, and the
etfort they put forth (see Bandura, 1997). Bandura
distinguishes belween outcome C‘)LpeL.[ﬂHOFIS, the
consequences of achieving versus not achieving a

goal, and efficacy expectations, the ¢, i
with which individuals expect 1o pur
goals. These factors are related, in that
level of efhcacy expectation usually resu]
high outcome expectation. For example,
dent with a high sense of academic effic
expect opportunities for good jobs in the
However, high efficacy does not always ley
high outcome expectation, if the student iy
aforementioned example is going into a ﬁg]d
relatively few available jobs. :
Another important component of sociy
educational psychological theories is the d1§
tion between intrinsic motivation, pusitive'.i‘"
ings engendered by performing a task per se,
extrinsic maotivation, where performance an
task is reinforced in some way, such as by mon
food, points, or verbal praise. For example, thic
distinction has played a key role in Deci & Ryan's
Cognitive Evaluation Theory (CET; Deci & Ry,
1985). According to CET, extrinsic incentive
can be effective at improving performance, b
ultimately harm intrinsic, or “authentic” moti
vation because they are perceived as controll
behavior and limiling autonomy. Participants a
able to explain their engagement and effort ona
task as caused by desire for the external rewar
rather than by their own intrinsic interest, even

the task was inherently interesting to them att
outset, Thus, adding incentives to a task has the |
potential to diminish, or even eliminate, intrinsic
maotivation. :
Although this theory has been influential in
motivation research and particularly in education,
it is also controversial. Results of multiple meta-
analyses by Cameron and colleagues (Cameron,
2001; Cameron & Plerce, 1994) 5howcd that in
general, rewards for good performance do not
harm intrinsic motivation. Rather, a small subset
of incentives was found to be harmful—namely.
Ilon—pcrfm'n'la nce-contingent rewa rds, or rewards
offered for mere parlicipation rather than per
This effect
is only present when these non-performance-

formance that mel some criterion.

contingent rewards are expected, not when they
are unexpected. Thus, harmful effects only occur
for rewards offered in advance just for engaging
in a task. In addition, verbal praise was found to
increase intrinsic motivation.
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fn many ol Deci & Ryan’s experiments,
intrinsic molivation is measured by time spent
on the task in a free-choice situation. The choice
of whal activily to engage in is an important
aspect of motivation, as is the type of goals
individuals have when they engage in tasks.
perfarmance goals involve a focus on how well
an individual will do at a task in relation to
others, with an emphasis on appearing compe-
tent. In contrast, mastery goals emphasize the
mechanics of learning to do the task well, and
gaining skill and competence (Dweck, 1986).
Elliot and colleagues have further proposed
breaking down performance goals into perfor-
mance-approach and performance-avoidance
_ goals, involving appearing competent in front
of others or not appearing incompetent, respec-
tively (Elliot, McGregor, & Gable, 1999). Mastery
: gm]a have been associated with greater intrin-
" sicinterest in the task {e.g., Harackiewicz et al,
_ 1897), greater persistence and effort (e.g., Flliot
et al, 1999) and greater likelihood of choos-
g challenging tasks over excessively difficult
rivially easv tasks (Atkinson & Raphelson,
56). Nevertheless, adopting maslery goals
as not been consistently related to better per-
nce, perhaps because individuals who are
rested in a subject are more likely to seck
lated interesting information that is not
imental to better performance, and thus
as focused (Elliot et al, 1999). Rather,
.lffor_mance-appmuch goals seem to be most
stently related (o better performance,
tstep after selecting goals is o work
ataining them. How successtul indi-
“duals areatachieving their goals may depend
gir ‘motivational skills,” which comprise
s people have available to dedi-
ards goal pursuit and task persistence
& Kanfer, 1997). Unlike personality
which are presumably immu-
s may be developed over time.
£a is the concept of aclive self, a
to inhibit actions that are tempt-
initiate action, and make delib-
us choices (Baumeister, Muraven,
According to this theory, self-
ely limited resource, and can be
n short periods of engagement

{i.e., <5 minutes). For example, when partici-
pants were asked Lo eat radishes and relrain
from ealing readily accessible cookies they per-
sisted less on subsequent unsolvable geometry
problems (Baumeister, Bratslavsky, Muraven, &
Tice, 1998). 'lhis temporary depletion is associ-
ated with subsequent poorer performance on a
wide range of tasks that require active sell, from
persisting on unsolvable problems to continu-
ing to hold handgrip bars together (Baumeister
et al, 1998, 2000; Muraven, Tice, & Baumeister,
1998). Such rapid depletion of self-control is
problematic in that many everyday activities
seem to require the engagement ofan active self.
Muraven & Baumeister (2000) suggest that a
solution to this problem is to consider the active
self as analogous to a muscle, in that it quickly
tires from exertion, but can return to strength
with rest. In addition, the frequent exercise of
selt-control can cause an increase in the amount
of available resource and the length of time it
can be engaged.

Whereas social psychology theories of
motivation focus on situational factors such as
how incentive structures influence motivation,
personality theories look at the traits people
have that influence their motivation. One classic
distinction is the tendency towards approach
(secking rewards) vs. withdrawal (avoiding pun-
ishment). An influential personality theory
dealing with approach and withdrawal is Jelfrey
Gray's Behavioral [nhibition/Activation System
(BIS/BAS), which posils that trait tendencies
toward inhibition or activation are major deter-
minants of behavior (Gray, 1970, 1981). The BAS
system is related both to approach of rewarding
stimuli, and active escape from negative stim-
uli. As such, it encompasses both positive affect
in the sense of joy from receiving a reward, and
relief al escaping a punishment, 'The BIS system
is associated with a suspension of activity (frecz-
ing behavior), and encompasses both negative
teeling of punishment, fear, and the loss of a
potential reward, sadness/disappointment. The
theory conceplualizes allect as a single bipolar
dimension, running from negative Lo positive.

By contrast, Carver and colleagues (c.g., see
Carver, Sutton & Scheier, 2000} view affect as
two orthogonal dimensions, positive affect and
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negative affect, Low positive affect is charac-
terized by sadness, and high positive affect by
joy, whereas low negative affect is characterized
by relief, and high negative affect by anxiety.
Carver and White (1994) developed a scale to
assess Gray's Behavioral Inhibition/Activation
System, the BIS/BAS Scale. The difference
between their scale and Gray’s original concept
is that BIS and BAS are treated as independent
dimensions, consistent with the view that posi-
tive and negative affect are independent, thus,
individuals can be high on both, low on both, or
some combination of the two. The scale, which
asks participants to endorse statements like, “1t
would excite me to win a contest” (BAS) and
“I worry about making mistakes” (BIS), con-
centrates on emotional reactions to positive and
negative life events. 'The idea is that emotional
reaclivity to events has effects on behavior, as
individuals prioritize their time and effort into
achieving goals that have the biggest impact on
their happiness. Thus, an individual who wor-
ries a lot about making mistakes is more likely
to be cautious in situations when failure is a
possibility, even in situations where the poten-
tial rewards for taking action are high.

Studies examining the BIS and BAS sys-
tems have often relied on physiological data to
test claims regarding the independence of the
two systems, and their relationship to indi-
vidual or group differences in affective style.
A key component of this work is the assump-
tion that approach and withdrawal are associ-
ated with greater relative activity in the left or
right hemispheres of the brain, respectively (for
review, see Davidson, 2003)--for example, EEG
experiments that show that depressed patients
have the same level of activation in right frontal
cortex as controls, and what separates them is
lower left frontal activity, characteristic of low
positive affect (Henriques & Davidson, 1991).
Anger is an important exception because il is
negative, but it is also an approach emotion that
prompts individuals to act (Lerner & Keltner,
2000, 2001). In an EEG experiment dealing
with mativation, Sobotka and Davidson (1992)
compared conditions in which participants had
to withdraw their linger quickly from a button
to avoid monetary penalties or had to press a

button quickly to obtain monetary
Right hemisphere activity wag increase i
withdraw penalty condition, while [e
sphere activity increased in the approggly .
condition, Further research has shown
ferential activation of right and left hemje
is a trait that underlies affective style
an early age. Specifically, children wha
greater left-relative-to-right hemisphere
ity at rest demonstrate a more positive aff,
style, while greater right than left have
negative affective style (Fox et al., 1995); Ty
tendency toward positive and negative style )
correlated with social competence, as chil Ten.
with greater left frontal asymmertry displaye
both more positive affect, and more socially
competent behaviors in a free-play session,
Beyond emotional reactivity to events, ity
possible to consider motivation as fitting into -
how individuals feel about themselves and their
self-image. Higgins' (1999) self-discrepancy
theory describes two sell-poides that motivate
people-the ideal self and the ought self. The
ideal self possesses qualities that the individual
personally aspires to, and is intrinsically moti:
vated to atlain, whereas the ought self is com-
prised of qualities that people feel obligated to.
attain. Discrepancies between the ideal self and
the actual self produce disappointment and
dejection, as individuals fail to achieve their |
personal goals. In contrast, differences between - '
the ought self and the actual self produce anxi-
ety, as individuals anticipate negative conse-
quences (e.g., censure of others) for failing to
achieve their obligatory goals, -
The relative extent to which individuals
focus on minimizing discrepancies between the
actual sell and these two self-guides (regulatory
focus) can be measured as a stable personal-

ity trait (see Regulatory Focus Questionnaire,
Higgins et al,, 2001). Focus on the ideal versus
the actual self is an indication of a promotion
focus. Promaotion-focused individuals direct
more attention towards atlaining rewards,
thus they enjoy tasks that involve finding help-
ful items more than those that involve finding
harmful items (Freitas & Higgins, 2002). Focus
on the ought versus the actual self is an indica-
tion of a prevention focus, Prevention-focused
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individuals  direct more attention towards
avoiding negative outcomes, thus they enjoy
tasks that involve finding (and avoiding) harm-
(ul items more than those that involve inding
(and obtaining) helpful items. This concepl of
“requlatory fit” is one example of how personal-
ity can atfect how motivaled individuals are by
different types of tasks.

Regulatory [ocus also has implications
for how individuals set and pursue goals.
promotion-focused individuals tend to view
uoals as opportunities to achieve the best pos-
;ibie putcome, whereas the prevention-focused
view goals as basic requirements to avoid a neg-
.'aLivc outcome. Thus, promotion-focused indi-
“yiduals may derive more utility from moving
‘towards their goals than the prevention-focused.

© ‘However, prevention-focused individuals tend
o begin pursuit of their goals earlier (Freitas

“etal, 2002). Viewing a goal as a basic necessity
rather than an intriguing possibilily seems to
tirge earlier and more focused action.

A though regulatory focus can be measured

apersonality trait, it can also be inflluenced in
state-like manner, by experimental manipula-
“of task conditions. Specifically, emphasizing
chievernent ol a goal is important to avoid

-2 promotion focus, For example, partici-
in an experiment where the task is framed

money} choose to begin writing the essay
sarlier than participants in a promotion-framed
IHon (write an essay to get accepted for a fel-
i, and gain money) (Freitas et al., 2002).
.m..‘lfy, social and personality psychol-
hi demonstrates strong influences of
ber of person and situation factors related
i‘t'- N, such as basic characteristics of
2t¥le, and how motivational goals are
nstrued. More specifically, par-
vior during laboratory tasks is
incentives that are oftered, indi-
lces in relative sensitivity towards
unishment incentives, the types
hQW progress towards those

NEUROSCIENCE PERSPECTIVES

Neuroscientists have studied motivation by
looking at how rewards and punishments are
processed by the brain. Older views ot motiva-
tion focused on “drive” models, in which the
lack of an essential physiological variable is
the source of drive in initialing actions to cor-
rect the deficiency. For example, a lack of food
would cause foraging behavior to obtain food
(Hull, 1943). The key idea was that the central
nervous  system
for homeostasis—forces that maintain stable

implemented mechanisms
internal states-—which correct any deviations
in amount of nutrients, water, or changes in
internal temperature from a set-point value,
Moreover, according to the theory, drive-states
also produce affective responses, with drive-
reducing stimuli (e.g., presentation of a cheese-
burger to a hungry person) being experienced
as rcwarding, and dri\«'e—incrcasing slimuli
being experienced as aversive (e.g., presentation
of salty foods when thirsty).

One of the further implications of drive Lhe-
ory is that stimulation that increases a behavior
should be experienced as aversive, because by
definition, it must have increased physiologi-

cal drive. However, this inlerence was inconsis-

tent with brain stimulation experiments, which
showed that electrical stimulation of the same
area that caused increased eating (the lateral
hypothalamus) also appeared to be reward-
ing to the animal, as measured by tendency for
the animal to also self-stimulate in that area
{Valenstein, Cox, & Kakolewski, 1970). Another
interesting finding from these experiments was
thatthe response Lhe animals gave to stimulation
was not always ealing—some animals drank,
gnawed, or displayed sexual behavior, although
which behavior was displayed was consistent
within the same animal on different occasions.
Thus, it seemed that the stimulation triggered a
more general motivational state apart from hill-
ing (or increasing) a particular need.

In addition to providing data that conflicted
with drive theory, the electrical stimulation
studies also provided support for the next major
theory of reinforcement, namely the idea that
dopamine (DA) served as a “pleasure chemical”
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mediating the subjective experience of reward.
In these experiments, electrical stimulation
devices were implanted in limbic system struc-
tures, several in regions that are primary targets
for dopamine, such as the nucleus accumbens
(NAcc), These studies showed that animals and
people with access o a self-stimulation appa-
ratus often self-stimulated excessively, even
to the exclusion of other motivated behaviors,
including eating and sleeping (Heath, 1996;
Olds, 1958). Researchers drew the conclusion
that dopamine itsell carried the hedonic signal,
and thus by mimicking it (by directly stimulat-
ing dopamine targets), pleasurable states could
be created.

However, this view was rejected by experi-
ments in which DA was directly injected into
the NAcc in conjunction with sucrose delivery
(Wyvell & Berridge, 2000). In these studies, DA
injection did not increase the consumption or
apparent hedonic response to the sweet taste
(as measured in animals by stercotypic indi-
ces of facial expression and reaction). Thus, DA
did not increase liking of preferred foods (e.g.,
sweel tastes), which it should have if it amplified
the foods' pleasure value. In addition, in studies
with humans that had clectrodes implanted in
NAcc (for treatment of depressian or debilitat-
ing pain), direct queries about their subjective
experience typically yielded vague statements
like, “I feel good” rather than descriptions of
discrete episodes of pleasure following NAcc
self-stimulation (Heath, 1996).

The hypothesis of dopamine as a pleasure
chemical has been further challenged by more
recent experimentation, leading 1o the develop-
ment of several new theories of dopamine func-
tion. Below, these theories are briefly reviewed.
Although they disagree with one another on the
exact functional role of dopamine, they are united
in rejecting the pleasure chemical hypothesis.

Modern Views of Dopamine Functions in
Reward and Motivation

More recent studies of the role of dopamine in
reward and motivation have relied npon direct
single-cell  recordings of neuronal  activity
within dopamine-releasing neurons in awake,

behaving animals, such as primates, o
ing of this worlk is that dopamine ey,
phasic activity in response to re
information at the time of deliverY
dicted rewards. Yet when rewards ap,
able the dopamine response occurs
reward-predictive cues and not to rewa
ery itself (Schultz, 2002). These findings
that the dopamine system does not con
hedonic aspects of reward, but rather a
informational signal about whether and
rewards will be delivered. This type of »
prediction or reward-learning syster
help to strengthen perceptual and r
pathways that help maximize the obtain
of reward.

‘The theory of dopamine as central to rewap

were nearly completely destroyed. Despite
having dopamine, these animals were ab
learn an aversive reaction to a previously |
swect taste when the sweel taste was paired
LiCl, a chemical that causes gastric distr
(Berridge & Robinson, 1998). Later experiments
showed that dopamine deficient mutant mic
were able to learn the location of a food rewa
when given caffeine, but that the learning w2
not revealed until the mice were treated wit
L-DOPA,aDA precursor {Robinson, Sandstrom
Denenberg, & Palmiter, 2005). Together thes
results suggest that DA is not necessary to lear
hedonic and behavioral responses to reward
related stimuli. Yet at the same time, the latte
result provokes questions about why behaviors ¢
required 10 acquire reward are impaired in the ¢
absence of DA, ok

Berridge and colleagues, who emphasize
that DA scrves a motivational rather than hedo- ¢
nic function in the processing of reward, have . .
put forth a response to this puzzle. Specifically,
Berridge’s view is that above and beyond infor-

mational aspects of reward (what is it? where
is it?), and the hedonic or “liking” aspects of a
reward, the system must produce a motivational
state to induce a change in behavior (Berridge &
Robinson. 1998). Berridge and Robinson attri-
bute reward “wanting” or incentive salience
to the action of the nucleus accumbens, which
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thev suggest is the brain structure responsible
qor transtating pure factual information about
an available reward into a more affective desire
to have it This step could then feasibly lead to
changes in behavior necessary to obtain the
reward.

Support for the role of NAcc in wanting
rather than liking has come from experiments
Jemonstrating a clear dissociation of DA manip-
glations on hedonic responses vs. goal-directed
instrumental behavior. Specifically, as described
shove, Nace DA depletion in rats has no eflect
an sucrose consumption or facial displays of
liking, but does dramatically decrease behav-
ioral responses (e.g., lever pressing or maze run-
ning) required to obtain the reward (Berridge &
Robinson, 1998). Moreover, Berridge suggests
“a reinterpretation of the NAcc selt-stimulation
studies, arguing that animals and humans
are driven fo self-stimulate in these situalions

hecanse DA release can  increase incenlive

salience in a general way, leading the world to
look like a more attractive place (i.e., full of more
alued rewards) rather than directly induc-
response (Berridge &

g

ing a hedonic “pleasure’
Robinson, 1998).

Berridge is very clear in dissociating incen-
salience “wanting” from the colloguial

of wanting, “cognitive wanting” (Berridge,

WY Whereas incentive salience is not neces-

conscious, cognilive wanting is a declara-
presentation of a goal, based on previous
ience with it, or an inlernal estimation of
lue. In cognitive wanting, an understand-

1ere perception of a stimulus, and
rational wanting of something that
ed to be liked, such as a drug of

ve salience model of addiction
1gs that cause DA release create

even when the drug user is long past the point
when the drug use is actively enjoyed. Thus,
drug users desperately “want” something they
do not “like.” This effect is especially pernicious
because of how long it lasts. Whereas tolerance
effects (fewer DA receptors as aresull ol repeated
averabundance of DA in the synapse) disappear
in a matter ol weeks, sensitization eflects can
last for years, leading to a risk of relapse when
encountering drug-related stimuli (Robinson &
Berridge, 2000).

Thus, according to Berridge, motivation is
not a drive-reducing process that attempts to
correct deficits in reward signaled by the level
of DA release. Instead, it is a process by which
incentive salience becomes attached to stimuli,
such that these stimuli attract approach-related
behaviors that vary in strength in proportion to
the estimated magnitude of salience. In contrast,
the experience of actual liking, in Berridge’s
view, is mediated by an opiate system in the
NAcc shell. This view is supported by findings
that injection of opiates there increases posi-
tive taste reactions to sweet foods and promaotes
eating, while opiate blockers decrease positive
taste reaction and decrease eating (Pecina &
Berridge, 2000). Nevertheless, it is important
to note that in a normally functioning system,
wanting and liking of rewards go together, such
that appropriate actions are implemented to
gain a liked reward.

Panksepp has a similar view of DA function,
in that it is primarily involved in instrumen
tal behaviors needed to obtain rewards, rather
than subserving Lhe pleasure or liking of the
reward itself. But unlike Berridge, Panksepp's
view is not that NAcc mediates wanting, bul
rather “flexible sceking behavior” (Ikemoto &
Panksepp, 1999). Thus, contrary to what would
be predicted by the incentive salience hypoth-
esis, when comparing two groups of hungry
rats in a novel environment, the group that is
dopamine-depleted will actually eat more than
the control group (Koab et al., 1978). Panksepp
explains these results by characterizing DA as
a driver of exploration, and reward seeking.
Thus, for normal rats in a novel environment,
exploratory behaviors will be facilitated even
at the expense of eating. In contrast, dopamine
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deficient rats feel no compulsion to explore and
instead just eat their fill. Further, recordings
of dopamine levels in the nucleus accumbens
show thal DA is especially high in thwarting
paradigms, such as when a male rat is prevented
from accessing a [emale rat, In these situa-
tions, the reward value of the female rat should
be constant, but what is maximized is seeking
behavior, as the test rat tries a large variety of
behaviors in order to get to the female.

Another important distinction between
Berridge and Panksepp is that Berridge does
not distinguish between dopamine effects in the
nucleus accumbens and dopamine in the dorsal
striatum (i.c., the caudate and putamen struc-
tures of the basal ganglia), whereas Panksepp
sees the two as very different, In Panksepp’s
model, dopamine projections from the ventral
tegmental area (VTA) to the NAcc underlie
flexible seeking behaviors, whereas dopamine
projections from the substantia nigra to dor-
sal striatum mediate already learned behav-
iors (habits). Thus, when animals have alrcady
learned self-administration of a drug like hero-
ine, or ethanol, selective dopamine depletion in
the NAcc does not distupt this behavior, Rather,
because the drug use has become a habit, the
nigro-striatal pathway is able to maintain the
behavior. This is in contrast to the incentive
salience hypothesis, which should predict that
sell-administration would be aflected by the
inability to attach salience to drug-related stim-
uli, and initiate approach.

Another closely related idea about dopamine’s
function has been advanced by Salamone
(Salamone & Correa, 2002). Like Berridge and
Panksepp, Salamone rejects the theory of dop-
amine as pleasure chemical, and instead believes
DA has a central role in motivation, Further, he
takes Berridge’s concept of “wanting” and decon-
structs it into two distinct aspects: directional
(desire for a specific reward) and activational
(willingness to initiate goal-directed behav-
ior towards obtaining a reward). In Salamone’s
view, dopamine is critical for the activational
aspect of wanting, but does not influence the
appetitive value of rewards. He cites as evidence
a number of studies in which dopamine antago-
nists impair instrumental respanses for reward

(c.g., lever pressing) but do not disy
choice, or simple approach and copg
food rewards.

Indeed, several studies cited by Sa
(e.g, Caul & Brindle, 2001) demonstr,
even fairly high doses of a DA antagonig
haloperidol will not disrupt performy
reward tasks that are not demanding. Ty,
appetite for the reward is not diminigh,
rather the willingness to work for th
What DA reduction does, then, is alter the
ance between costs and payoff, such (hy
costs seem to loom larger, making the
mal less likely to pul forth the effort to g
reward. i

The role of dopamine in reward proce
remains controversial, with researchers ar
for reward learning (Schultz), incentive salienc
(Berridge), flexible seeking (Panksepp), rew
directed action (Salamone), as well as athe
hypotheses. Nevertheless, there does seem tob
a basic agreement that dopamine is intimat
involved in motivation, For a normal respon
to new rewards in the environment to be accom
plished, dopamine transmission is essentia

However, what the animal or person does with
reward information to change behavior is also’
critical if rewards are to be obtained rather than
mercly discovered or coveted.

Neural Circuitry of Reward Motivation

Dopamine neurons project to number of brain i '_
regions, not only to the ventral (NAcc) and
dorsal {caudate and putamen) components of
the basal ganglia. but also to medial and lateral
frontal cortical regions. These projection sites
appear to be involved with further processing
of reward-related information. For cxample, it
has been theorized that the basal ganglia is a site
where rewards are linked to goal-directed motor

actions (Kawagoe et al., 1998). Experiments in
macaques recording the activity of neurons in
the caudate during a saccade task have shown
that introducing rewards can radically alter
their activity (i.e. firing rates). Al bascline, cau-
date neurons are selectively sensitive to stimuli
in a particular location, usually the contralateral
half of the visual field. However, when rewards
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were associated with only the nonpreferred
direction, these ncurons changed their prefer
ence, and responded more vigorously to the
rewarded direction. This switch in preference
was associated with faster and more accurate
saccade responses fo the rewarded direction
(Kawagoe et al., 1998).

Reward signaling has also been investigated
in humans, where several studies have used gam-
bling-type tasks with differential reward payofts
1o identify the basic neural circuitry involved in
signaling reward. For example, Delgado et al.
(2000, 2003) used such a paradigm, in which
participants were asked to guess whether the
valne of a face-down card was higher or lower
than five, with monelary rewards provided for
correct guesses. Imaging results showed that
in the caudate nucleus, a sustained hemody-
'h'ax_uic response was observed on reward trials,

whercas penalty trials led (o a sharp drop-off
in activation, with the basic valence effect also
showing scaling according to the magnitude
of the reward or punishment. This reward sig-
naling is potentially useful tor flagging certain
actions or decisions as being associated with a

‘positive outcome.

eward representation refers to maintaining
i furimtiou about the type and current value
'~ ofareward (which may be context dependent),
3 opposed to merely signaling the presence
bsence of a reward and/for its magnitude.
of reward representation have suggested
ortance of areas within prefrontal cortex
specifically orbitofrontal cortex (QOFC),
function. A basic requirement of reward
ntation is being able to represent valence
ions, as also occurs within basal ganglia
. Consistent with this assumption,
ons appear to be anatomically disso-
inregards to valence effects. O'Doherty et
found that medial areas of OFC acti-
vard, whereas lateral arcas responded
"ent during a reversal learning task
Sctary reinforcers. Since this origi-
o8 this basic pattern of spatial disso-
* been replicated 4 number of times
Rolls, 2004),

1005 that represent reward value

bl

.im&gl'ate different categories

of reinforcement into a unified representation
of value {(Montague & Berns, 2002; Montague &
Cohen, 2006). Thus, when faced with a choice
between rewards that are hard to compare, for
example, an ice cream cone vs. an hour of read-
ing a good book, individuals are able to consider
their internal state (hunger, fatigue), general
preferences for those activities, costs of the two
options, and so forth, and generate a value for
each. Representing the value of rewards in a
way that would make them directly comparable
would allow resources to be directed toward
achieving the most attractive reward. The OFC
appears well positioned for this function, as it
shows responses to stimuli that appear to code
them in terms of both their hedonic properties,
which might be context-dependent, and their
value to the individual in relationship to other
potential reward-related stimuli.

These two properties of OFC function can be
seen in terms of its response to primary sensory
reinforcers, such as taste and smell. The role of
the OFC in these domains is well established,
given ils strong anatomical linkage to primary
gustatory and ollactory cortex (Rolls, 2001).
Indeed, caudolateral OFC has been termed the
secondary taste cortex (Rolls, 2001). In con-
trast Lo primary taste cortex, which responds
consislemly to tasle sensation, seconda Ty taste
cortex ceases responding to tastes when the ani-
mal has been fed to satiety, Thus, Rolls (2005)
states that secondary tastle cortex represents the
reward value of taste. However, as with abstract
rewards, there is evidence that both positive and
negative stimuli are represented in the OFC, as
in O’Doherty et al. (2001), where positive taste
(glucose) and negative (saltwater) were found to
activate different parts of secondary laste cor-
tex, The OFC responsc is also strongly sensitive
to the organism’s stable reward preferences. [n
free choice situations, OFC shows greater activ-
ity for the most preferred reward (Tremblay &
Schultz, 1999). More recently, it has been shown
that reward value in terms of choice prefer-
ence appears to be directly coded in the level
of activily within single QOFC neurons (Padoa-
Schioppa & Assad, 2006). In humans, a food
stimulus once considered rewarding may also
be represented as punishment if the individual is
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over-satialed (Small, Zatorre, Dagher, Evans, &
Jones-Gotman, 2001). This result was replicated
using liquids (tomato juice and chocolate milk)
contrasted with a flavorless solution approxi-
mating saliva. The liquids which were ingested
to satiety failed to activate OFC, whereas the
liquid which was not continued to activate QFC
(Kringelbach et al., 2003).

Although the primary focus on the pre-
frontal cortex with regard to reward-related
processing has been on the QFC, some studies
have revealed activation in the lateral prefron-
tal cortex (LPEC) as well. For example, Leon
and Shadlen (1999) investigated reward incen-
tive effects during cognitive task performance
within area 46 in macaques, a region analo-
gous to the human dorsolateral PFC. The tra-
ditionally assumed function of this region is to
maintain goal related information in working
memory over short delays. Neurons in area 46
respond maximally to stimuli in a specific part
of the visual field, maintaining this position over
a delay so the animal can remember the loca-
tion of a stimulus after is has disappeared. They
found that the stimulus-specific neuronal activ-
ity was enhanced when an incentive cue indi-
cated the possibility of a large reward for correct
performance. This increased activity may have
been indicative of a stronger representation of
the location of the stimulus, which would have
been advantageous in performing the task.

Watanabe ¢t al. (2002) contend that the
LPFC may in fact be a site of integration of cog-
nitive and motivational operations that contrib-
ute to goal-directed behavior. Using single-cell
recording in monkeys during a go/no-go task,
they found a subset of neurons that diserimi-
nated between rewarded and unrewarded -
als. Specifically, they increased firing in reward
trials compared to unrewarded trials during
the delay phase of the task. Higher activity was
associated with more preferred rewards such
as cabbage. The authors also looked at baseline
activity and found significant differences, such
that tonic activity levels were highest during
blocks of trials in which the preferred reward
was available (highest for cabbage). They theo-
rize that this baseline activity in the different
blocks may reflect continuous monitoring of

the motivational context, and may be
of motivational level. Regarding apag,
authors suggest a dorsal/ventral spli_ i3
sal activity reflecting the continuous
ing of motivational context, and the ventral
arcuate areas tracking the motivationa] v,
the presence or absence of individual r_ewg

Although the precise functions of the
amine system, the nucleus sccumb
caudate nucleus, and the OFC are sli]l'uﬂdx
investigation, there is general agreemen
these regions make up a reward proces
system that handles reward information.
summary, when a reward is available i
environment, an animal must make a serje
judgments about how intrinsically attractive
that reward, its relative value, which is dep
dent upon both stable preferences and transi
fluctuations in internal state, and how much
costs to obtain the reward, in terms of requir
effort. If the reward is decmed worth the effo
required, instrumental actions must be ini
ated Lo get the reward,

Neural Circuitry of Punishment Motivation

A great deal of research has been conducted
to understand the neural circuitry of rewards
and their relationship to instrumental behav-
ior. Less is understood about how animals and

humans process punishments or other aversive
outcomes, One possibility is that punishments &
are coded within the same dopaminergic system  {
as rewards. For example, Panksepp has com-
mented that his theory of nucleus accumbens
dopamine function, in which dopamine facili- -
tates flexible approach toward rewards, can be

FRCanes s

equally applied to punishment, in that avoiding
an aversive outcome entails approach toward
safety, an incentive (lkemolo & Panksepp.
1999), In Schultz’s theory of reward learning.
he notes that missed rewards depress dopamine
firing, but given that DA cells have a resting
firing rate of around five action polentials per

second, there is nol a large range Lo decrease (0 ‘1
incorporate negative events (rather than justthe
absence ol posilive events) (Grace & Bunney,
1984). Indeed, Mirenowicz and Schultz (1996)
showed that aversive stimuli closely matched Lo
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appelitive stimuli (saltwater and juice, respec-
tively, that were calibrated to prompt the same
behavioral performance) failed to activate dop-
amine neurons. Given this limitation, some
cesearchers have proposed that incentive pro-
cessing is a rectified system, whereby positive
and negative incentives are processed by sepa-
rate neural mechanisms.

The leading candidate for a neural coun-
terpatl mechanism to dopamine, in conveying
punishment-related incentive signals, is the
serotonin system. Serotonin (5-HT) projects
widely throughout the nervous system, and has
amyriad of functions (for a review of serotonin
and behavior, see Lucki, 1998). The dorsal and

medial raphe nuclel in the midbrain are the
source of the serotonin that projects to the fore-
_brain. One particular pathway that has received
~attention in motivation research is the projection
of serotonergic cells from the dorsal raphe to the
- ventral striatum, also a target of dopamine cells.

_Due to this association, rescarchers (e.g., Daw
et'al, 2002; Deakin, 1983) hypothesized that
serotonin and dopamine are opponent systems.
‘Whereas dopamine facilitates approach behav-
fors towards positive stimuli, serotonin inhib-
ts these behaviors, and mediales avoidance in

the presence of aversive stimuli. Depending
n which influence was stronger, the net result
would be either approach or withdrawal. Daw
et al. (2002) in particular extend the reward

aming model of dopamine function to sug-
&l that serotonin neurons' activity signals an
" in the prediction of punishment, just as
rons signal an error in the prediction of

distinct signaling mechanism that
nformation about punishments and
tcomes, it is also of interest to deter-
her there are independent neural cir-
t_‘n‘}‘.er:Proccssing this information, or
circuitry of punishment overlaps
_ rd. There is some evidence for
Smponents within the neural circuitry

JEnL, s ch as the anterior insula and
: (se}'mfhm et al,, 2007). In animals,
solateral and central nuclel of
Spectively, has been associated

with learning to predict and avoid aversive out-
comes, such as an air puft 1o the face (Everilt et
al,, 2003; Patonetal.,, 2006). In humans, research
has shown that amygdala damage is associated
with the inability to learn associations between
visual stimuli and negative outcomes such as a
loud noise (Bechara et al., 1999), or an electric
shock (LaBar et al., 1995). Insula activity has
been observed in neuro-imaging paradigms
that involve emotionally unpleasant (e.g., Coan
etal, 2006), disgusting (e.g., Calder et al., 2007),
or unfair outcomes (Sanfey et al., 2003).

I addition to its potentially unique compo-
nents, the neural circuitry of punishment also
appears to partially overlap with reward cir-
cuitry, since bath seem to involve basal ganglia
structures. For example, as discussed above,
many investigators suggest that the nucleus
accumbens plays a bivalent role in motiva-
tion, responding to both rewarding and aver-
sive events (Salamone, 1994). Similarly, human
neuro-imaging studies have observed nucleus
accumbens direct activation during anticipa-
tion of not only rewarding but also aversive out-
comes (Jensen et al., 2003). Nevertheless, some
evidence suggests those positive and negative
valences are represented in distinct anatomi-
cal subregions within the nucleus accumbens
(Reynolds & Berridge, 2002).

The prefrontal cortex also appears to play
a common role in processing both reward and
punishment information. Single-cell record-
ing experiments in primate LPFEC, similar to
those previously discussed examining effects of
reward, have contrasted the effects of rewarding
and aversive stimuli (Kobayashi et al., 2006).
‘The goal of these studies has been to deter-
mine whether LPFC neurons also respond to
punishments, such as an air puff to the eye, as
potential outcomes for poor performance in
tasks. Monkeys were to remember the location
of a target over a 1- or 2-second delay, and then
saccade Lo its location, which was the same task
performed in the [.eonand Shadlen (1999) study.
Results showed that although the majority of
neurons were sensitive to rewards only, asmaller,
separate group was found that responded pref-
erentially to punishments, Specifically, these
neurons significantly increased or decreased
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their rate of responding during the delay period
after cues indicating the possibility of an air
puff. Unlike Leon and Shadlen (1999), they did
not manipulate incentive magnitude, and thus
it is not known whether larger punishments
would be associated with greater changes in fir-
ing rate.

Roesch and Olson (2004) used a similar task,
except that both reward and penalty were pos-
sible on each trial. Additionally, they focused on
the OFC as well as a posterior region of LPFC
(the premotor cortex). Fach trial featured two
locations, one of which displayed a cue indicat-
ing thal a reward would be available if the mon-
key performed a saccade to that location, and
the other indicating that a penalty would result
if the monkey moved its eyes to that location.
Punishments in this task were time-outs of |
Lo 8 seconds, an aversive outcome becausc the
thirsty monkeys were unable to perform trials
to get liquid rewards during this time. Resulls
showed a dissociation in the activity between
OFC and premotor cortex. OFC neurons
responded to the overall value of the cues pres-
ent on each trial (i.e., the value of the reward
minus the value of the punishment), whereas
premotor cortex responded vigorously to both
types of incentive relative to the neutral condi-
tion. Premotor neurons responded maximally to
the high-reward, and high-penalty conditions.
The authors suggest that these results stem from
a distinction of the function of these two areas,
such that OFC represents the combined value
of polential incentives, whereas the premotor
cortex represents the motivational impact of
the incentives (i.e., that there is something of
value al stake, whether positive or negative),
However, it is still possible that distinct OFC
subregions code for negative and positive vahue,
as appears to occur within other structures
such as the nucleus accumbens. Human neu-
roimaging studies provide evidence consistent
with this type of organizational structure, with
rewarding stimuli activating medial OFC, and
aversive sumuli activating lateral OFC regions
((YDoherty et al,, 2001).

Human neuroimaging studies examining
the motivational effects of punishments are
still sparse (partly because of increased ethical

concerns), but a few imaging studies
conducted during cognitive task perfy,
Small et al. (2005) conducted a spatial ai
task using both positive and negative mep
incentives. In a replication of a previpyg
they found that the amount of Spatial
(directing attention to a cued location
faster when the target appears) was correl;
with activity in the posterior cingulat
(Small et al., 2003). Further, activily in PCg
enhanced by both positive and negative iy
tives, but the effects these had may have j
mediated by separate limbic structures. The
sibility of winning was associated wilh actj
in OFC, while losing activated dorsal an
cingulate cortex and insula. Small et al. (200
make the point that all three of these regionsa
connected with PCC in the macaque, and if th
is also the case in humans, they may mediate{
increased activity in PCC they observed. Giv
the connectivity of PCC with limbic structures
and its association with direction of attenti
Small et al. (2005) have proposed that posteri
cingulate cortex is a site of integration of moti
vation and top-down atlentional control.

Taylor et al. (2006) manipulated whethe

errors produced monetary penalties or not dur-

ing performance of an Eriksen flanker task.
They also observed that potential for penalty led
to increased activity in the ACC but in a rostral
rather than dorsal region. Because there was no

matched reward condition in this study, it was
not possible to determine whether the effect in

ACC was valence-selective.

In summary, neuroscience experiments have

mapped out a network of brain regions that sig-
nal reward and punishment in the environment
and represent those incentives such that they
could be used as information to guide action
choices and effort levels. However, this careful
body of work has less to say about what happens
to thal information, and how it is integrated
into ongoing processing that directly affects
behavior.

COGNITIVE NEUROSCIENCE PERSPECTIVES

Both top-down social/personality theories und
bottom-upneurobiological theoriesof motivation
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contribute to a greater understanding of motiva-
tion. Social and personality rescarchers focus on
how Lhe goals and attributions of individuals, as
well as the social context, influence motivation Lo
engage in particular tasks. Additionally, there is
astrong emphasis on individual differences, such
as the role of reward and punishment sensitiv-
ity as stable trait characteristics. Neuroscience-
pased theories focus on the neural systems
responisible for generating a desire for rewards
" and translating this into simple instrumental
actions like lever pressing to obtain rewards. The
'_ gap between these two 13 a process-level account
" _of how people are able to channel their motiva-
tion to gain desired rewards into improved per-

“formance in more complex behavioral lasks.

~ Cognitive neuroscience approaches may fill this

“gap by illuminating the neural mechanisms that
translate wanting into getting. Specifically, cogni-
tive neuroscience studies involve directly exam-

e
ning human brain activity during performance
cognitive tasks. Motivation can be studied in

this context by examining how task-related brain
vity is affected both by changes in motiva-
1 state (i.c., experimental manipulations),
“motivation-related individual differences,
possibililies are: (1) effects on high-level cog-
‘ontrol structures and (2) direct effects on

ognitive task, there are brain regions
ke their contribution not by facilitat-
specific components of processing,
her in the higher-level coordination and

tive control refers to the process
gaition and behavior is directed

Cohen, 2001). Many of the pro-
ich control is excrted du ring tasks,
dined attention, task set mainte-

€ been localized to the prefron-
u.l:arly lateral prefrontal cortex.

theme to Lthese funclions is that the prefrontal
cortex is able maintain information about goals,
and how to achieve them, in a manner that is
less susceptible to interference.

Motivationalincentives mayenable improved
performance by influencing cognitive control
functions. Specifically, task performance may
improve wilh Lighler control over cognitive
processing and monitoring of behavioral per-
tormance, such that negative events like inter-
ference or momentary lapses of attention are
prevented. Similarly, ercors will be less [requent
when participants successfully maintain task
instructions in a highly accessible form that
ensures maintenance of attentional focus and
suppression of interference from distracting
events. These operations are potentially costly,
in terms of subjective mental effort and meta-
bolic demands, but the possibility of reward
may shift the cost-benefit relationship, leading
to increased activity in cognitive control struc-
tures that enhance performance.

Locke and Braver (2008) looked at the eflects
of motivational incentives on brain activity in
a continuous performance task (AX-CPT) that
serves as a probe of cognitive control func-
tion. In previous neuroimaging studies of the
AX-CPT, task performance is reliably associated
with increases in lateral PPC activity associated
with the active maintenance of task-relevant
goals (Miller & Cohen, 2001). Locke and Braver
(2008) found that under reward incentive con-
ditions (good performance was associated
with monetary bonuses), there was a sustained
increase in aclivily within brain regions asso-
ciated with cognitive control function. These
included right lateral PEC, right parietal cortex,
right inferior [rontal cortex (BA 45), and left
dorsal anterior cingulate (BA 32).

Right lateral prefrontal cortex (RLPFC) and
right parietal cortex are thought to be the core
components of a brain network that mediates
sustained attention {Pardo et al., 1991; Posner
& Petersen, 1990). Right inferior frontal cortex
(RIFC) has been implicated in cognitive inhibi-
tion, or the suppression of irrelevant thoughts,
memories, or responses (Aron, Robbins, &
Poldrack, 2004). And finally, anterior cin-
gulate activity, particularly dorsal anterior
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cingulate, has been implicated in the detec-
tion and resolution of response interference or
conflict. Together, the increased tonic activity
in these regions may retlect the greater level
of cognitive control exerted by participants
in the reward-incentive condition in order to
improve performance and maximize reward
attainment.

A theory of how individuals increase cogni-
tive control processes to maintain or improve
performance has been described in a review
of the neurobiology of attention (Sarter et al,,
20086). In response to theories of attention that
focus solely on task demands, the authors coun-
ter that motivation to maintain attention is key,
particularly in situations where there is a chal-
lenge, such as a distracter, a dual 1ask, or general
fatigue. In this theory, a decline in performance
or increased response conflict is detected by
the anlerior cingulate, which then can call for
increased attentional effort, depending on the
costs and benefits of continuing versus disen-
gaging. A right-lateralized frontoparictal net-
work, the anterior attention network, can then
exert top-down influences via cholinergic pro-
jections to sensory systems to reduce processing
of distracters.

Pochon et al. (2002) demonstrated an
mcrease in activity in regions associated with
executive control in humans in an fMRI study.
in an N-back lask when
reward was offered relative to activity when no
reward was offered yielded an increase in activ-
ity in dorsolateral prefrontal cortex (DLPFC),
an area involved in maintaining a task set. In
their study, both increases in task demand and
reward increased activity in DLPFC. A similar
pattern of findings was observed in Taylor et al.
(2004). These studies suggest that reward may
act as a kind of call for increased effort in a sim-
ilar way as a change in actual task demands. In
both instances, more effort is required 1o main-

Jl‘llnpﬂ rmq ALTIVII}’

tain or improve behavior,
Pochon et al (2002) also
reported the recruitment of lateral frontopo

Interestingly,

lar regions in response to reward. Frontopolar
cortex is a region that has been hyvpothesized
to be involved in goal-subgoal coordination,
that is, maimtainimg an overarching goal while

simultaneously performing a tagk Wit
local set of subgoals (Braver g Box
2002; Koechlin, 1999). Accordmg t
el al. (2002}, reward, or what is at stak '
given moment, may be represented iy g
of a primary, high-order goal in the Y
lar region. 'This goal may then coording
processing and management of subgoa
enable optimal completion of the task,

Gilbert and Fiez (2004) aimed to inye
the integration of reward and task in latey PR
during working memory performance,
predicted that ventral PFC would sho.
related responses only when these indicag
the potential for reward. Instead, the resy
indicated that following reward cues there
a significant decrease in ventral PFC activatiog
during the delay period, while DLPFC act
ity increased. They attributed this result t
oppositional relationship between emational
motivation regions and cognitive region'é,
such that a decrease in the former is necessary
to obtain optimal performance in the fat'rf
(Gilbert & Fiez, 2004).

Task-Relevant Activity in the Brain

The second pathway for reward to have an_
impact on task performance would be through-
reward acting on the existing architecture that
supports task-specific processing, When com-
paring regions that would normally be used to
do a task under no-incentive versus incentive
conditions, it may be possible to sce enhanced
aclivity in specific task-related brain regions,

as a key means of improving performance. For
example, Taylor et al. (2004) demonstrated an
increase in activation in lask-relevant regions
in an object working memory study. In their
study, they were able to decompose the trials
into discrete phases, and during the delay phase
they found increased activity in the premotor
superior frontal sulcus and the intraparietal
sulcus. These areas, involved in short-lerm stor-
age of visuospatial information, also increased
in response to working memory load. This sug
gests, as in Pochon et al. (2002), reward may
elicit enhanced processing in a similar manner
as an increase in task demands.
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Although Pochon et al. (2002) showed pre-
frontal [egion:i operating ina c-.‘-gni[i\-'e control
capacity, such regions also project to task-rel-
svant areas. Visual attention, for example, the
way objects are selected for attention from an
acray of competing objects, may depend on a
top-down biasing signal from PFC (Desimone
& Duncan, 1995). During tasks with visual
stimuli, it may be possible Lo see increased
activity in visual processing areas as a result
of top-down influences from prefrontal cortex.
This may aid individuals in focusing attention
on stimulus objects, or their particularly rel-
evant features.

Even without reward incentives, participants
may selectively enhance task-specific process-

- ing regions in accordance with task demands.

" An example of such a situation can be seen in
~the classic PET study of Corbetta et al. (1991),
" in which participants were asked to allernate
altentional focus to specific stimulus dimen-
sions (e.g., color, motion, shape) during a same-
different matching task. Each dimension was
ssociated with increased activity in the corre-
_ _}ﬁnding relevant regions of extrastriate cortex

¢.g. attention to motion was associated with
ease in area MT). In contrast, when partici-

different features, activity was not greater than
extrastriate corlex compared o a passive
ng condition. Each of the selective atten-
onditions were also associated with activ-
altentional regions such as the pulvinar, a
gthe authors attribute to its role in direct-
sual attention.

he study by Small et al. (2005), discussed
hat used rewards and punishments dur-
Spatial attention task, the authors suggest
Icentives modulated structures directly
dwithspatial representation. Specifically,
te '05 cingulate cortex, a region that had
een observed to show correlations
aclivation level and degree of spatial
creased speed of target detection
Ously spatially cued to the relevant
showed further modulation by
nall et al. (2005) hypothesized that
ulate cortex is a site of integration
and spatial attention control.

ants divided their atlention across a number of

A study by Krawezyk et al. (2007) investi-
galed activity related to perception of scenes
(parahippocampus activity), and perception
of faces (fusiform gyrus activity). Trials pre-
sented both scenes and faces, with participants
instructed to attend to one category and ignore
the other. Results showed that activity in the
relevant region increased for the attended cat-
egory, and decreased for the ignored category,
relative to a passive viewing condition. These
effects were magnified by the opportunity to
earn points that could be exchanged for money.
Together, these results sugpest that attention can
enhance activity in perceptual regions relevant
to a given task, and that reward can amplify
these attentional effects.

Effects of Individual Differences

‘The majority ot studiesin cognitive neuroscience
tocus on what is common across individuals. A
cognitive process under study is investigated
by running a number of participants and lak-
ing a group average. The key interest is in
identifving variance that can be explained by
the experimental manipulations, whercas dif-
ferences among the participants are treated as
error variance (Thompson-Schill et al,, 2005).
This approach works well in identifying regions
associated with a core set of functions necessary
for a task, because presumably these regions will
be the same for every participant as they per-
form the task. What may be missing is activity
in regions that aren’t necessary but are optional
resources individuals may bring to bear to per.
form well at a task. This kind of activity may be
particularly relevant to motivation, as increases
in motivation should be associated with greater
use of resources to acquire rewards or avoid
punishments. The use of individual dilterences
measures, therefore, may be useful in identify-
ing such regions (Locke & Braver, 2008).
Studies of how stable personality traits mod-
ulate brain activity are still in their infancy.
Nevertheless, this work has already begun to
reveal that motivation-related individual dif-
ferences may influence how cognitive tasks are
performed. Several studies have focused on the
relationship between BAS and brain activation,



130

mostly using EEG methods (e.g., Sutton &
Davidson, 1997). More recently, IMRI stud-
ies of working memory and cognitive control
have examined how task-related activity may
be modulated by individual differences in BAS.
Gray and Braver (2002) demonstrated that BAS
scores were related to activity in the ACC dur-
ing a working memory task. Specifically, higher
BAS scores were associated with decreased
activity in the caudal “cognitive” ACC, despite
no differences in performance between high and
low BAS participants. A follow-up study (Gray
et al,, 2005) indicated that this same pattern
described a number of components of the cog-
nitive control network (c.g., lateral PFC, parietal
cortex). Moreover, a multiple regression analy-
sis indicated that the effects of BAS on cognitive
control-related brain activily were independent
of individual differences in fluid intelligence
(which also showed separate modulatory effects
on activation). This suggests that BAS is asso-
ciated with greater cognitive efficiency. Greater
efficiency in cognitive contrel structures could
be potentially useful in complex tasks like social
interaction, which more extraverted individuals
excel at, and which require the ability to multi-
task (Lieberman & Rosenthal, 2001).

Effects of BAS have also been found on brain
activity during more motivationally relevant
tasks, Beaver et al. (2006) monitored brain
activity while participants looked at pictures of
appetizing food (contrasted with bland foods).
They found BAS correlated with activity in a
network of reward-sensitive regions, including
ventral striatum, amygdala, and orbitofrontal
cortex. Specifically, activity in these areas was
corrclated with the BAS drive scale, which mea-
sures the motivational, as opposed to seeking or
hedonic aspects of reward. The BAS drive scale
includes statements like, “When 1 want some-
thing 1 usually go all-out to get it.” The authors
argue that this subscale is especially sensitive
because it most closely related fo motivation per
s¢, the drive to attain rewards in the environ-
ment, rather than to scek out new opportunities
(fun-secking), or the tendency to react strongly
to receipt of rewards {reward sensitivity).

Other personality dimensions may also be
relevant to motivation and reward processing.

N

Pailing and Segalowitz (2004) examiy
motivation and personality influenced 4,
ioral performance and the neural responge
error commission. Previous research on
detection and the anterior cingulate had s
that a specific brain wave form, the error-rels
negativity or ERN, could be observed Fal]aw
errors on a task. Pailing & Segalowitz foypd
that although performance did not signific
differ in the different motivation condit
the magnitude of the ERN was associated
the amount of reward available, such that mak
ing a mistake on a trial where a larger rewy td
could have been achieved was associated w;
a larger ERN. ERN magnitude was also assg
ated with scores on personality measures stch
as the conscientiousness subscale of the [PIp.
NEO. As conscientiousness scores increased,
differences in ERN amplitude across conditiong
decreased, perhaps because highly conscien-
tious participants were equally concerned about
making errors in all conditions, Conversely,
Luu, Collins, and Tucker (2000) found that -
ERN amplitude was negatively correlated with
trait differences in negative affect (NA), such
that high NA individuals showed smaller ERNs,
Interestingly, the effect interacted with time on
task, such that high NA individuals initially
showed greater amplitude ERN responses in the . |
first task block, but in later task blocks showed
a significantly decreased ERN response. The
authors interpreted this pattern as suggesting
that experience with a high degree of errors
(which were induced by task demands and a
quick responsc deadline) led the high NA indi-
viduals to eventually disengage from the task,in |
terms of attentional effort expended. <§
Differences in promotion and prevention |
regulatory focus were the subject of an fMRI
study looking for neural correlates of these per-
sonality characteristics. In the study, partici-
pants made good/bad judgments about words
while in the scanner. Results were that par
ticipants showed greater activity in amygdala,
anterior cingulale, and extrastriate cortex to
stimuli that were congruent with their regula-
tory focus, positive stimuli for the promaotion
focused, negative stimuli for the prevention
focused. These results are consistent with the
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idea that regulatory focus influences how atten-
tion is allocated to incoming stimuli, such that
more motivationally relevant stimuli garner
more attention (Cunningham, Rave, & Johnson,
2005).

The studies outlined above show that some
of the trait diflerences in personality have pro-
yided explanatory power in recent neuroscience
studies using neuroimaging and FEG methods.
‘They suggest that it may be possible, as well
43 desirable, to include measures that assess
mativation-related concepts and traits in neu-
roscience experiments, particularly those that
provide incentives for performance.

In summary, cognilive neuroscience experi-
ments have provided evidence of how the
i\ﬁﬁence of rewards and punishments in the
environment may influence cognitive control
and task-relevant regions of the brain to facili-
tate performance. By marshalling cognitive con-
“trol processes to sustain attention, and maintain
. goals while suppressing interference, individu-
.-::?'s:an focus on the task at hand. By increasing
ctivity in task-related regions, individuals can

nhance detection and maintenance of relevant
information, which can lead to faster and more
ccurate execution of responses. As demon-
din classic experiments like Corbetta et al.
{1991), since replicated a number of times, these
processes can be engaged in response to tasks
_any incentives. However, the recent
‘in motivation and the brain shows
incentives may engage these systems to a
Xtent, as individuals attempt to maxi-
wards (andfor minimize punishments)
oing well at a task. Finally, the engagement
-subset of the neural circuitry modu-
vard (and punishment) appears to be
et by stable individual variation in
y-Televant personality traits.

IN MorTivation ReSEARCH

fegiions have outlined the views
ups of researchers working on
feiated questions from  different
€5 Social and personality research
W the framing and prioritiza-
g with personality differences,

influence the motivational structure of a situ-
ation, Neuroscience research has tocused on
theories that describe how the brain processes
rewards and punishments. Cognitive neuro-
science research has begun to show how both
reward and punishment information, and
motivation-related individual differences, can
interact with regions in the brain responsible
for cognitive control and task processing. Given
the diverse methodologies and theoretical
frameworks of these areas ol research, draw-
ing connections between them can seem like a
daunting task. However, in studying motivation
from multiple angles, it appears that there may
be some convergence in the lines of research in
what they reveal about motivation.

The hallmark of motivation is that it directs
action toward a goal, whether intrinsically gen-
erated, or externally imposed. In the cognitive
neuroscience literature, research indicates that
areas of lateral prefrontal cortex are responsi-
ble for maintaining goals, and biasing ongoing
processing towards the furtherance of goals.
Deviations from goal pursuit are inhibited, and
regions like anterior cingulate detect conflict
to call for more control if needed. This process
relates to Carver et al’s (2000) feedback loop
model of motivation in that a goal value is set,
and progress towards that goal is closely moni-
tored. However, what Carver etal. (2000) add to
the standard cognitive model is that progress or
lack thereof leads to positive or negative affect,
respectively. It may be possible to incorporate
affect into cognitive control in a region like
anterior cingulate, which has both cognitive
and affective functions, thus serving as a poten-
tial convergence zone.

Taylor et al. (2006) proposed a similar idea,
namely that rostral ACC activity is reflective
of the affective significance of monetary loss.
[t is possible to imagine that setbacks in prog-
ress towards the goal may have cognitive con-
sequences (call for more top-down control) as
well as affective consequences (negative feelings
associated with setbacks). Similarly, Small et al,
(2005) have looked at posterior cingulate cor-
tex, and in noting that it is active in top-down
contrel of attention, but also has rich connec-
tions to affective and motivational regions such
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as orbitofrontal cortex, have proposed that
it may have a role in integrating emotion and
attention.

The concept of the active self (Baumeister et
al., 1998, 2000), which is responsible for inhib-
iting habitual responses or actions that may be
tempting but are contextually inappropriate,
bears more than passing resemblance to cog-
nitive psychologists’ view of inhibitory con-

trol. Importantly, however, in the active self

literature, engaging this inhibitory mechanism
for even very short amounts of time can have
devastating effects on behavior by reducing the
resources available for other physically or cog-
nitively effortful tasks. This same dynamic does
not appear to be present during cognitive situa-
tions involving inhibition. Performance can be
maintained in typical cognitive inhibition lasks
like the Stroop or a go/no-go across hundreds
of trials.

The discrepancy between active self and cog-
nitive inhibition paradigms may be that in the
former, but not the latier, participants’ persis-
tence at a task is the relevant dependent vari-
able. In this type of scenario, the choice may
really be between slaying in the laboratory ver-
sus leaving to do any number of other things.
In certain situations there are conflicts between
goals. In a laboratory setting, a participant
might have the intention to do well on a task,
bt he or she also might want to leave early and
get a cup of coffee. There may be something spe
cial about conflicts that pit two motivationally
relevant choices against one another. This type
of conflict may activate ACC in the same way
that response conflict on a go/no-go task does,
but may have a more emaotional component as
the different options are weighed against the
costs, rather than comparing two motivation-
ally irrelevant response choices. Nevertheless,
it will also be important 10 figure out what the
source of resource depletion is, and if it is truly
a metabolic phenomenon (Gailliot et al,, 2007).
In: this respect, it is interesting that the anterior
cingulate has been implicated in metabolic reg-
ulation (Teves et al., 2004).

For larger goals to have influence on behav-
ior, it is often beneficial to break them down
inlo manageable smaller goals. Frontopolar

cortex has been implicated in subge
ing (Braver & Bongiolatti, 2002), -
lar to Gollwitzer's (1999) concep
intentions and implementation lntent
all very well to have a larger goal i
without breaking it down into the necs
ments that direct behavior in «peciﬂc'
harder to execute. Implementation Q“
are like subgoals, in that they specify
larger goal should be pursued, but they ar
special for another reason. The specif
tion is paired with an external cue, such that
executed when the external cue is encount
in the environment. This takes the pr
off the individual to internally cue the
ior. This is similar to research on prog
memory, while not reviewed here, involyes
active maintenance of an intention (pick
dry cleaning) that is madc easier if it is pair
with a highly salient cue (when vou see ther
barn from the highway, take the exit for thed
cleaners) (Einstein & McDaniel, 2005}, 'Thus,
may be that frontopolar cortex is engaged ung
conditions for which implementation int
tions are not externally available, and mus
instead be endogenously genecrated based or
goal intentions.

Another cognitive theory related to reliand '
on external cues is the dual mechanisms of con
trol theory (Braver et al., 2007, 2009). Proactive
control involves ulilizing actively maintained.

context information to prime response selec
tion. Thus, a proactive control strategy would
keep the intention of going to the dry cleaners
active all day until you arrived there, In contrash,
reactive contral involves utilizing context infor-
mation only when needed. Thus, until the red
barn was spotted from the highway, the inten-
tion would not be activated. Proactive control is
generally very successful, but reactive control s
less costly because the information only needs
to be retrieved when triggered by an imperative
event. Thus, the efiect of a shift in motivalional
priority might have the effect of shifting indi-
viduals from a reactive cognitive control strat-
egy into @ more proactive one.

Other social psychology perspectives empha-
size not just how goals are pursued, but how the
types of goals peaple tend to adopt influence
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their behavior. One theory of poal choice is the
research on performance versus mastery goals
(Dweck, 1986). Results from many studies show
that mastery goals tend to be associated with
more positive outcomes. Mastery goals empha-
gize learning to do a task well rather than com-
paring your performance to others, and may
he more effective exactly because they involve
focusing attention on aspects of the task that
can be improved. An individual's own behav-
jor is under his or her control whereas others’
is not. In addition, “Do better than person X"
is more of a goal intention, whereas learning to
d.ﬂ the task may be more of an implementation
strategy. Thus, other-focused goals may be more
cognitively effortful, and require the involve-
‘ment of higher-order control mechanisms such
as the frontopolar cortex.
Although goal choice is important, in labo-
ratory settings the goal is often provided by
the experimenter explicitly. When researchers
provide incentives, the expectation is that these
~rewards or punishments (what's at stake) would
--i&eaclivcly maintained by participantsas they do
the task, Evidence reviewed above showed that
FC, and LPFC maintain this kind of informa-
m-abuut motivational context with reference
o the desires of the individual. This kind of
formation could be the raw material for goals,
s once the individual decides that a reward is
rth pursuing (the receipt of the reward is of
value than the effort required to achieve
ttainment becomes a goal that is main-

Given that at the outset of experiments,
ants do not have direct experience of
uch joy they will get out of a reward, these
ations are predictions to some extent.
h even affer repeated experience with
'.hf_hedoriic qualities of these rewards
e'(}_}r be state-dependent), and thus it
o have a maintained representa-
aptures the most recent experience
more generic long-term memory
¢ prediction. ‘[he research on
asting intersects here because it
Viduals decide on what goals to
D their expected amount of posi-
achieving them, Interestingly,
also shown that people are not

puarticularly good at predicting how happy, or
upset, they will be in future when they receive
a reward or punishment. Thus, the biased pre-
dictions of participants may tend to enhance
the effects ol incentives, as individuals usually
exaggerate how happy they will be on receiv-
ing a reward, and exaggerate how unhappy they
will feel when penalized.

The way that people adopt, pursue, moni-
tor, and react to achieving or failing to achieve
goals may strongly relate to individual differ-
ences. People differ in how reactive they are to
rewards and punishments, and what kinds of
goals they feel are important to pursue. These
differences may relate Lo physical differences
in the brains of individuals. One theory that
connects individual differences in personality
to the physical structure of the brain has been
conceptualized by Depue and Collins (1999).
Their theory equates the functionality of the
dopamine circuitry in VTA and NAcc with
behavioral approach, such that high levels of DA
facilitate approach behaviors aimed at bringing
the organism in contact with reward stimuli.
In this theory, genetic differences in the num-
ber of dopaminergic synapses at birth predis-
poses individuals with higher numbers of these
synapses to explore more for rewards. Contact
with more rewards then makes frequent use of
the dopaminergic reward system, which leads
Lo less pruning of these synapses, and thus to
stable individual differences in the function
of the dopamine system. People with greater
amounts of dopaminergic activity may then be
more reactive to cues of potential rewards, akin
to the personality difference reflected in Jeffrey
Gray’s BAS. Linking this idea to Berridge's
work, Depue & Collins state that greater dop-
aminergic activity may lead to greater incentive
salience being attached to objects in the envi-
ronment. That information could be stored in
memory, and retrieved by the prefrontal cortex
to motivale behavior even in absence of cues in
the environment.

Although it has been less studied, it may be
that processing of aversive stimuli and penal-
ties may be subject to individual differences
in the structure of the serotonergic system.
Recent work in behavioral genetics has looked
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at variants of a gene thal affects a scrotonin
transporter, 5-11TT. This transporter is situated
on the presynaptic neuron, and is responsible
for the reuptake of serotonin from the synapse
(Hariri & Holmes, 2006). Individuals who have
one or two copies of the “short” form of the
allele reuptake serotonin less efliciently. Recen!
studies have examined the effect of this genetic
variation on behavior. Individuals with short
form 5-HTT are more likely to have higher lev-
elsof trait anxicty and harm avoidance (Lesch el
al,, 1996), have less capacity to cope with stress
(Caspi et al., 2003), and show greater amygdala
activity in response to fearful and angry faces
(Hariri et al,, 2002). Together, these results sug-
gest that individuals who have the short allele
version of the 5-1TTT polymorphism may be
more sensitive fo cucs indicating the possibility
of punishments ar other aversive outcomes.

In summary, the process by which people set
and pursue goals can be studied both by ask-
ing aboul what those poals are, how people feel
about them, and what behaviors they exhibit
from a macro-level in the social-personality
realm, or al the micro-level in cognitive and
affective neuroscience rescarch. Some of the
concepts generated are similar, and may rely
on the same underlying brain structures. More
power Lo inlerpret the brain activity arising
from those structures may be forthcoming if
efforts are made to understand motivation on
multiple levels.

FUTURE DIRECTIONS FOR RESEARCH

There are several key questions deserving of
future research cfforts that might be consider-
ably more tractable using a multilevel approach.
The first question is how motivation is created
in individuals, in order to inspire greater effort
to achieve a particular goal. One contributing
set of factors 1s the incentive structures that are
used. Research on animals often uses primary
rewards, food or drink, whereas research on
humans has used a number of different second-
ary orabstract rewards such as cash, or points. As
described above, there is relatively less research
on punishments, and less still that directly com:
pares matched rewards and punishments.

Another set of factors is individﬁﬂ
ences in participants in reward apd
ment sensitivity, some of which are trac,
differences in brain anatomy and phy
A combination of self-report or physig,
measures on incentive-related variap]
neuroimaging that can nonim-‘asivcl.y re
differences in the structure and function
evant brain regions has the potential to qus
differences among participants,

To answer questions about how incent
and individual differences affect the creahﬁ
motivation, a good first step would be 1o ha
picture of whal reward and punishment mig
vational states look like in terms of their effoe
on behavior and brain activity, Understandis
simple motivational states will then allow
research to advance to look at how variatio
in incentives or the type of participants tested
affects motivation. This research requires cxpér
tise in both psychometrics and neuroimaging,
and is a prime candidate for interdisciplinar.'f#_" :
cooperation.

A second question for future research con:
cerns how motivation, once created, affects
cognition and action. How does having greater .
motivation facilitate the pursuit of goals?
Looking at how the brain responds to incentives.
has yielded an important distinction between
valence-dependent activity, which reflects the
value of the incentives, and aclivity generated
equally by both negative and positive incentives
{valence-independentactivity) (Roesch & Olson,
2004). On the valence-dependent side, research
on reward processing has shown the complexity
of reward representations. Specifically, rewards
are evaluated for their magnitude, and their
value to the individual in general (trait prefer-

ences, e.g., for certain [oods) and at the time
they are offered (state preferences, e.g., whether
the person is hungry or not).

On the valence-independent side. there are
prefrontal cortex neurons that respond just as
strongly to high positive as high negative incen-
tives, suggesting a translation has taken place
that has stamped particular actions as impor-
tant. Once a particular task has been deemed
important, the next step is to translate desire to
achieveagoal into action items. This process may
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be critical, and may be where some people who
seem very motivated andfor report a high value
on incentives fail. Recognizing importance per
se is not sufficient, as shown by Gollwitzer's work
contrasting goal intentions, which are vague
goals like “do better in school,” and implemen-
tation intentions, that explicate the goal with
,-peciﬁc steps which are linked to external cues
(“When L get home from school each day, [ will
spend an hour reading.”).

A final question relates to how these two sys-
tems—that extract the value of difterent incen-
tives, and then translate this information into
specific action goals—interact to facilitate goal
celection, and set effort levels for goal pursuit,
To study this question, one strategy would be
10 design experiments where participants are
presented with tasks that vary according to both
the potential incentives possible (e.g., manipu-
late incentive valence and incentive value), and
the actions or task dimensions to which they are
attached. Ideally, these manipulations would be
actorial (i.e., independent of each other). Given
g task with a well-known behavioral and brain
actmty profile,itwould be possible to see how the
presence of incentives affects how people engage
ask, and whether these modulatory influ-
interact with either {or both) incentive
ulations or task goal manipulations.
major questions outlined in this section
the creation of motivation, and the down-
effects of motivation, necessarily inter-
rexample, given that there are important
dual differences in how participants react
_presence of reward and penalty cues,
tion from the valence-dependent system
e different for a participant who is indif-
incentives than it will be for a partici-
gly affected by incentives. In terms of
motivational drive into appropriate
may also be important differences
FV to break larger goals down into
ediate steps, perhaps related to
Ory capacity or fluid intelligence.

t‘!i?:ﬂ.. from its creation to how it
R 2
ity and cognition, to ultimate

changes in behavior, is an endeavor that requires
consideration ol multiple levels of analysis. In
particular, motivation can be thought of as
reflecting a process that sets the priority value of
different behavioral goals, and hence the elfort
that will be expended to achieve them. This pro-
cess affects goals and behaviors that span the
range from primary drives and behaviors, such
as cating and drinking, to future plans that may
take years to complete (i.c., obraining a Ph. D.).
Thus, the factors that affect these goal priority
mechanisms must involve computations that
span the range from low-level assessments of
physiological state {e.g., hunger), to complex and
abstract evaluations ol the cognitive demands
and contextual constraints (e.g., social) of the
current situation, as well as any stable teait-like
differences in reactivity to these different vari-
ables. Consequently, a better understanding of
the mechanisms of motivation and their influ

ence on information processing may provide a
crucial leverage point for researchers interested
in self-control from various perspectives and
domains of inquiry.

This chapter has reviewed work on, and
theories of, motivation arising from both the
neuroscience and social/personality literatures.
We have further argued that a cognitive neu-
roscience approach may be particularly suited
to helping close the gap between these two per-
spectives by providing hypotheses about the
contributions of specific brain regions to cog-
nitive processes that underlie the performance
of tasks under incentive conditions, and how
these are affected by both situational (i.e., task-
related) and personality variables. Itis our belief
that future developments in the cognitive neu-
roscience of motivation will contribute strongly
to a better understanding of the nature of self-
control, by shedding light on the core processes
that modulate the selection and pursuit of
behavioral goals—the achievement of which is
the hallmark of successful self-regulation,
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