EMOTION, DECISION-MAKING
AND THE BRAIN

Luke J. Chang and Alan G. Sanfey

ABSTRACT

Purpose - fnitiul explorations in the hurgeoning fiold of neuroecononiics
have highlighicd evidence supporiing o potential dissociation henveen o
Jast avtomatic svstem and a slow deliberarive controlled svsiem, Growing
research in the role of emotion in (/('('1'.\'/'(1/1-/11(1/\'/'/Jg has attempred 1o dran
pardllels 1o the automaric svstent This chapier will discuys o theoretical
_/)‘(1/17011'0;‘/\"/ur understanding the role of emotion in decision-malk ng and
evidence supporting the underlying neural substraies,

Design Mclhodology Approach This chaprer applics a conceptual
Sramevwork 10 wnderstanding the roje of cmotion in decision-mk ing. and
emphasizes a distinerion between expected and munediate emaotiony.
Expecied emotions refer to anticipated emotiona) States associated vwitly o
given decision thar are never-actually experienced. Tmmediate emotiony.
however, gre experienced ar the time of docision. and cither can occur in
response 1o a particular decivion or merely as a result of o transitory
HAuctuation. This chaprer will review research from the neuroecononices
literature they Spports d neural dissociation heiwveen these iy clusses of
Motion and ulso discisy a few interpretive cavears,

f—mdings Several lines of research including regrer, une eriam, social
(/ec'lls‘im/—/zu1/\'1'/1};. and maoral  decision-mual, ing have  vielded evidence
Neumeconomics
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consistentwith owr fornpdization  expecied and immediare emotions may
imvoke dissociable neural sysiems.

Originality value — This chapier provides a more specific conceptualiza-
tion of the mediating role of emotions in the decision=making process.
which has importani implications for undersianding the interacting neural
svstens underlving the inerfuce benveen cimotion and cognition  a lopic
of immaediate value (o anvone investicating topies within the context of
social-cognitive-affective-neuroscience.

TRODUCTION

he nascent fickd of neurocconomics promises to deliver novel insights into
evervday choice behavior by integrating the theories and methodologies
from the diverse fields of psvehology. economics. and  neuroscience
(Glimcher & Rustichini. 2004 Montague. King-Casas. & Cohen. 2006:
Sanfeyv. Loewenstein. McClure. & Cohen. 2006). This approach attempts to
merge cconomic principles. built on formal mathematical models. with
measures of brain function using in vivo techniques such as single and multi-
unit neuronal recordings. functional magnetic resonance imagimg (IMRT1).
and more traditional neuropsychological methods that rely on patients with
focal brain lesions. While the details of how these methods can be
successfully integrated are still being developed. there have already been
several interesting avenues of rescarch (MceCabe, Houser. Ryan, Smith. &
Trouard, 2001: McClure. Laibson. Loewenstein. & Cohen, 2004: O'Doherty
et al.. 2004 O'Doherty. Hampton. & Kim. 2007: Sugrue. Corrado. &
Newsome. 2005: Yechiam. Busemeyer. Stout. & Bechara. 2005). suggesting
that the neurocconomic endeavor can have a real impact in better
understanding how we make choices and decisions.

One of the most promising of these directions is the notion that the bram
mayv utilize specific subsvstems when making judgments and decisions
(Greene. Sommerville. Nystrom. Darley. & Cohen. 2001 McClure et al..
2004: Sanfev. Rilling. Aronson. Nystrom. & Cohen. 2003y, The tdea of the
mvolvement of multiple systems in the processing of complex cognitions has
a dong history. dating back (o the fathers of modern day psychology.
mcluding Descartes (Deseartes. 1664, Wundi (Blumenthal. 19801 and

James (James. I8O0Y Thos msicht of Wilham Lones, that decisions could he

made via both automatic and controlied processes. has conunued o mitrigue

researchers to this das. In fact. many proposed theoretical models unlve
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this notion ol multiple svstems (Chatken & Trope. 1999 Epstein. 1994
Evans & Over. 19900 Hammond., 2000; Kahneman. 2003: Saniey & Chang.
2008; Schneider & Shiffrin. 1977: Sloman. 1996: Stanovich & Waest.
2000).

Though cach of these theories differs in implementational detands, they all
generally propose a dual-process model of decision-making. with two
distinct systems that alternatively compete and cooperate to arrive at a
decision (Poldrack & Packard. 2003). System | has consistently been
described as automatic, fast. effortless. unconscious. associative. slow-
learning. and emotional. System 2 can best be thought of as more
controlled. slow. effortful. conscious. rule-based. fast-learning. and affec-
tively neutral. System 1 processes are generally thought to underlie most of
our more trivial decisions. where automatic responses are adaptive. System
2, which is typically more computationally demanding (Schneider & Chein.
2003), is available to monitor and potentially override Svstem | when the
automatic system requires more conscious control (for a more detailed
review sce (Sanfey & Chang. 2008). For example. when learning to drive an
automobile. one’s actions are largely m the control of System 2. with
conscious controlled attention directed to the act of learning 1o operate a
vehicle. With practice. many of these motor tasks become increasingly
automatized under the control of System . which allows us to direct our
attention towards conversation with passengers. listening to the radio. cte.

Standard models of decision-making have typically focused on System
2-type operations. namely the deliberative process of carelul decision-
making. In recent years, however. there has been a considerable effort to
better specily the extent to which affective processes. such as those enco-
mpassed in System 1. can influence judgments and decisions. Fraditonally.
emotions have been outside the purview of decision-making rescarchers, and
Indeed emotions have often been proposed o be counterproductive 1o
sensible decision-making. For example. we are often exhorted not to make
ficcision;\ in the heat of the moment. and to cool down before making
mportant choices. However. 1t s often the case that emotions may provide
Important signals to lead us to making more optimal decisions i certain
Clrcumstances.

Use of conotions in decision-making can have functional significance
learning what can be approached and what should be avoided (Davidson.
1995), Early work in this domain by neurologisis reveated that pationis who
had suffered hrain damage leading to impaired emotional processime often
Made suboptimal decisions as compared to emotionally mtact controls
(Bechara, Damasio. Tranel. & Damasio. 1997 Damasto. 1994) This was the
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tirst real empirical evidence suggesting that emotional processes may play
a benevolent role in guiding decisions. and has since led to a growing
literature on this topic. Other recent work has proposed the existence of the
affect heuristic (Loewenstein. Weber. Hsee, &  Welch, 2001: Slovic.
Finucane. Peterse & MacGregor, 2002y by which we use the natural
assessments of affective valence as the basis Tor judgments. These studies
have largely discounted the notion that System 1 is naturally “irrational.”
and that System 2 provides the only set of processes capable of sensible
decisions. Clearlv, there is a complex exchange between these systems. and
much further vescarch will be needed before clearly defined boundaries
between these systems are revealed. if indeed such boundaries exist. Tt is
important to note at the outset that icis sull largely unknown to what degree
these systems are separable at the neural level. It seems very unlikely that
these are two biologically distinet processes (Glimeher, Dorris. & Bayer,
2005). but evidence has shown that some degree of functional specialization
may exist in the brain to distinguish the two types of processes.

The carly research mentioned above used patients who had suffered brain
injuries to examine the mfluence of emotions in decision-making. This

approach is problematic for various reasons. inchuding the heterogeneity of

lesion Tocations. the possibility of brain damage to other arcas. cte. The

recent availability of brain imaging techniques that allow visualization of

the normal. active human brain has allowed a wide variety of questions to
be explored as to the involvement of emotions in decision-making.

The present chapter will discuss the neural underpinnings of emotion’s
influence on decision-making. The chapter will begin with a briel overview

of how cmotions are processed in the brain. highlighting key regions of
interest. Next. a framework for conceptualizing emotions in the context of

decision-making will be intreduced. This conceptual framework. originally
proposed by Locwenstein and  Lerner (2003). makes an important
distinction between expected and immediate emotions. The neural evidence
supporting such a distinction will be evaluated using recent findings from
neurocconomic studies investigating regret. uncertainty, social decision-
making. and moral decision-making. Finally., we will conclude with an
integrative summary of all of the findings. noting a few interpretive cavealts.

HOW THE BRAIN PROCESSES EMOTION

The study of cinotion hus adiionally tocused o cogniive appraisals and

phyvsiological mechanisms, Inrecent vears. however, there has been

o
o
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significant interest in assessing the neural response (o emotional processing
One of the oldest debates in the emotion literature 1s whether or not the
physiological responses associated with an emotional reaction precede the
cognitive appraisal. William  James  (1884) and  Carl Lange (1887)
independently proposed that in response to a fearful stimulus. such as
meeting a hear in the woods. the cognitive appraisal of fear will occur afrer
the body has alrcady physiologically responded to the situation. This
response might take the form of a racing heart. hyperventilation, or flecing
the scene. Other theorists proposed that 1t was not possible to have a
physiological response without the cognitive appraisal (Lazarus. 1982
Schachter & Singer. 1962). More recently. rescarchers have come to aceept
that both (heories seem (o be correct. The differentiation between these two
responses is often referred 1o as cither bottom -up or top -down processing.
A bottom up response is when the physiological response precedes the
cognition. and a top down response 1s when the cognitive appraisal leads to
a physiological response.

Both of the alorementioned processes seem to have pathwayvs in the
central nervous svstem. For example. specific facial motor functions. like
smiling. may have multiple innervations (Duchenne. 1862). Numecerous cases
have demonstrated that selective damage to either pathway spares the
function associated with the other (Holstege. 2002 Trosch. Sze. Brass, &
Waxman. 1990). Other physiological lunctions associated with emotion.
such as respiration and heart rate. also seem to be regulated both
involuntarily. via programs located in the brainstem. and voluntarily,
through cortical input originating from the anterior cingulate cortex (ACC:
Critchley et al.. 2003: McKayv. Evans. Frackowiak. & Cortield. 2003). The
following section will present a brief overview of brain regions associated
with emotional processing (see Fig. 1). For the purposes of this review. we
will focus on negative emotions. such as fear und disgust. Investigations of
this class of emotions have been considerably more extensive than studies of
positive emotions. The primary reasons are that negative emotions are more
straightforward to investigate in animals and can be extracted with relative
case in laboratory studies.

One emotion that has received extensive cmipirical investigation is fear.
The experience of fear usually beginy with a freezing response. o subsequent
sympathetic response. and an increase i sensory perception. This allows the
environment 1o he adequately surveved betore o hieht or flicht response s
taken. Fear has been proposed to employ two distinet streams ol processing
operating in parallel. These two streams allow both a physiological response
and a simultancous cognitive appraisal (Ledoux. 1996). In the controlied
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Fig. 1. Brain Arcas Involved in Emotion Processing and Decision-Making. (A) The
Lateral View Shows the Locations ol the Dorsolateral Prefrontal Cortex (DLPF()
and Ventrolateral Prefrontal Cortex (VLPFC). Also Referred o as Lateral
Orbitofrontal Cortex (LOIFC). (B) The Saggital Section Shows the Locations of
the Dorsal Anterior Cingulate Cortex (DACC). Ventral Anterior Cimgulate Cortex
(VACC), and Medial Orbitofrontal Cortex (MOFC). (C) The Coronal Section
Shows the Locations of Bilateral Insular Cortex (INS) and the Bilateral Amvedalae
(AMY). The Location of the Coronal Section is Indicated on the Lateral and
Saggital Views by the White Vertical Line.

cortical route. information travels from the retina to the lateral geniculate
nucleus of the thalamus and terminates in the contralateral primary visual
cortex (Zeki. 1993). Visual information is then (ransmitted to the
surrounding extrastriate cortex for further processing. The more contro-
versial automatic subcortical pathway has been described as the “quick and
dirty” route. It bypasses the visual cortex by traveling directlv from the
retina to the superior colliculus. then to the pulvinar (the posterior part of
the thalamus) and amygdala. and then projecting to visual association
cortex (Ledoux. 1996).

Overwhelming cvidence suggests that the amygdala. a small almond
shaped structure located in the medial temporal lobe {Aggleton. 1992). is
essential to fear processing (Adolphs. Tranel. Damasio. & Damasio. 1994
Isenberg ct al.. 1999: LaBar & Cabeza. 2006: Ledous. 1996: Morris et al..
1998: Phelps & LeDoux. 2003: Phillips. Drevets. Rauch. & Lane. 2003:
Whalen et al.. 1998). This makes sense [rom a neural framework as 1t 1s
situated ina place such that it can receive higher-order inputs from multiple
streams ol cortical processing and signal autonomic responses in the
hypothalamus to prepare the body Tor ieght or Tight.

Another negative erotion that has been sebiably associated with a specttic
neural substrate 1s disgust (Calder. Lavwrence, & Y oung, 20610 Phirihps ot al.
1997). Disgust is typically associated with sumuh that are revolung.
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inedible. or impurc. and has been found to be associated with a region of the
brain calfed the msula. The msula processes taste and smeli information
(Nolte. 2002: Small et al.. 19991 as well as somato-visceral states of the
body. such as pain. temperature. and “gut-fechngs™ (Craig. 2002). The
insula has also been found to be associated with the experience of moral
disgust (Haidt. 2001 Moll et al.. 2005). autonomic arousal (Critchley,
Elliott, Mathias. & Dolan. 2000). and in sclf-generated experiences of anger
(Damasio. Grabowski. Bechara. & Damasio, 2000). Lesions to the insula
can disrupt taste aversion in rats (Dunn & Everitt. 1988) and impair the
recognition and cxperience of disgust (Calder. Keane, Manes. Antoun. &
Young. 2000; Phillips et al.. 1997) and other somato-sensory cravings in
humans (Nagvi. Rudrauf. Damasio. & Bechara. 2007). The famous
neurosurgecon Wilder Penfield found that stimulating the insula ol patients
during surgery led to the expericnce of nausca and unpleasant tastes
(Penfield & Faulk. 193%). Antonio Damasio and his colleagues have
proposed that the insula may be associated with the conscious experience ol
somatic states. and that it represents the influence of “gut-feehngs™ on
decision-making (Bechara et al.. 1997; Damasio. 19940 Nugvi et al.. 2007).

The amygdala and insula have both direct and indirect reciprocal
connections with regions that arc associated with more cognitive functions
in the prefrontal cortex (PFC). The ability 1o represent value and evaluate
outcomes is thought to be associated with the medial orbital frontal cortex
(MOFC: Gottfried. O'Doherty. & Dolan. 2003: Knutson, Adams. Fong. &
Hommer. 2001: O'Doherty. Kringelbach. Roils. Hornak. & Andrews. 2001).
while the ability 1o override responses is associated more with lateral orbital
frontal cortex (LOFC: Aron. Fletcher. Bullmore. Sahakian. & Robbins.
2003; Garavan. Ross. Murphy. Roche. & Stein. 2002). The more dorsal
regions of the lateral prefrontal cortex (DLPFC) are mmportant m
Mmaintaining and manipulating information (Baker. Frith. Frackowiak. &
Dolan. 1996) and are associated with cognitive appraisals and  goal
maintenance (Miller & Cohen. 2001). The dorsal anterior cingulate cortex
(DACC) is imvolved with a number of functions. including directing
attention. monitoring error. and response override (Carter et al. 1998;
Devinsky. Morrell. & Vogt. 1993 Miller & Cohen. 2001 Posner & Dehacne.
1994). The ventral anterior cingulate cortex (VACC) has been hypothesized
10 be associated with assessing the salience of emotional information and
regulating emotonal responses (Bush. Fuu, & Posner. 2000, Devinsky ot al.,
1995: Drevets. 1999 Muvberg et all. 20035).

In summary. negative emotions such as fear. disgust. and anger have been
reliably associated with distinel substrittes ol the brain. including the
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amygdala. insula. MOFC. and VACC. These regions process somaltic states
and signal  physiological responses associated  with  arousal via  the
hypothalamic-pituitary axis. Likewise. they process higher-order cortical
processes located in the LOFC. DACC. and DLPFC that can both up-
regulate and down-regulate the emotional response. While these functions
have traditionally been associated with basic emotion processing. recent
cvidence suggests that they may also be involved in more complex cognitive
processes such as decision-making.

EMOTIONAL PROCESSES IN DECISION-MAKING

The impact of emotions on decision-making has been reviewed extensively
clsewhere (Bechara, Damasio. & Damasio, 2000: Locwenstein & Lerner.
2003: Loewenstein et al.. 2001: Mellers. Schwartz. & Ritov. 1997: Schwarz.
2000: Slovic et al.. 2002): therefore, we will summarize here only the relevant
work which has been studied in a neurocconomic context. One useful
framework for organizing the impact of affect on decision-making is to
distinguish between expected and immediate emotions (Loewenstein &
Lerner. 2003). Expected emotions are those that. while not experienced
directly at the time of decision. are nonetheless important in the decision
process itself. For example. when assessing a potentially risky investment.
we may anticipate the regret we might feel should the investment (ail. This
anticipation of regret may in turn lead us to take the decision to avoid that
financial opportunity. Immediate emotions. however. are those that are
directly experienced at the time of the decision. Immediate emotions can
have both direct and indirect effects on decision-making. Emotions that
have direct effects can be considered “anticipatory”™ emotions. These
emotions are experienced in anticipation of the actual decision and can
include feelings of anxiety (Loewenstein et al.. 2001: Slovic et al.. 2002).
dread (Berns et al.. 20006). or excitement (Knutson. Fong. Bennett. Adams.
& Hommer. 2003). Emotions that have indirect effects are referred to as
“incidental”™ emotions. They include transient mood states that may be
unrelated to the decision process. but nevertheless impact choice behavior.

Isen (2000) has shown that positive moods can lead 10 higher Tevels of risk
aversion. increased reliance on heuristics. and increased efficiency in the
decision-making process. Others have reported that expermmentally induced
incidental emotions, fike sadness. can cause sabiccts 1o hehave in i that
are more eeonomically optimal. such as lessenimy the well-characierized
endowment eftect (Lerner. Small. & Locwenstein. 2004). The following
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sections will review the neural evidence supporting a distinction between
expected and immediate emotions i the contest ol dearision-making.

NEURAL EVIDENCE OF EXPECTED EMOTIONS

Expected emotions refer to the predicted emotional consequences associated
with the result ol a parvcular decision. These  predicted  emotional
consequences can he positive or negative. and can therefore influence the
decision accordingly. Expected emotions can be considered a top down
influence on behavior. as they are a cognitive representation ol a future
event. which in turn can clicit a physiological response. Previous rescarchers
have hypothesized a dorsal ventral distinction between the cognitive and
emotional regions associated with affect (Bush et al.. 2000: Lanc. 2000).
Candidate regions for expected emotions might include areas associated
with goal maintenance and executive control (DLPFC). error or conflict
monitoring (DACC). and value representation or outcome evaluation
(MOFC). While there are numerous studies that have investigated the
neural underpimnings of expected emotion on decision-makig. we will Tocus
on the most well studied emotion - regret.

Regret refers to the feeling that one experiences when the outcome of a
decision 1s worse than expected. It differs from disappointment in that it is
associated with a sense of personal ageney (Bell. 1985 Loomes & Sugden.
1986). It was originally proposed as a way to explain behavioral violations
of expected utility theory in decision-making under uncertainty. by
incorporating regret minimization into the utility function (Bell. 1982:
Loomes & Sugden. 1982). The experience of regret mvolves making a
counterfactual comparison between the outcome actually experienced and
an alternative outcome that was rejected (Bvrne., 2002). and people generally
avoid choice options that arc associated with higher anticipated regret
(Mellers. Schwatz. & Ritov. 1999: Zeelenberg. Beattie, van der Pligt. & de
Vries. 1996). For example. one social psychology experiment found that
when students were asked to exchange a lottery ticket they had personally
chosen for one with better odds. the majority retused due to the anticipation
of regret if their original ticket had won. Other work has demonstrated that
regret is distinet from risk aversion (Zeclenberg et al.. 1996). and that 1t can
predict posi-decisional aftect (Mellers et al. 1999,

More recently. regret has been investicated from a neural framework
using both lesion methods (Camille et al.. 2004y and functional neuronma-
ging (Coricelli ot al.. 2003). Both studies utilized a task that has previoush



40 LUKE I CHANG AND ALAN G, SANFEY

been used to investigate the influence of regret and disappointment on

deciston-making (Mellers et al.. 1999). The task involved making a series of

independent choices between two risky gambles that varied in magnitude
(c.g. —8200, -550. 4S50, and +$200) and probability (c.g. 20%4. 50%. and
80%). The authors elicited regret by disclosing the outcome of  the
alternative choice. A small actual win (e.g. $50) compared to a large return
of the un-chosen option (e.g. $200) was hypothesized to clicit a negative
emotional reaction.

Using both subjective ratings and skin conductance. Camille et al. (2004)
demonstrated that healthy control subjects experienced regret when the
outcome of the alternative choice was revealed. as compared to when it was not
revealed. This experience of regret led subjects to adapt their behavior towards
more regret-averse choices in subsequent gambles. Interestingly. patients with
lesions in the orbital [rontal cortex (OFC) did not gencrate a regret response as
measured by subjective ratings or skin conductance. nor did they adapt their
behavior to select more regret-averse choices in subsequent trials. The authors
interpreted these findings to mean that the OFC is associated with counter-
factual thinking that is crucial to the experience of regret.

In a subsequent study using TMRI. Coricelli ¢t al. (2005) examined the
brain response associated with both anticipated and experienced regret in
healthy subjects. The authors parametrically manipulated experienced regret
and observed an increase in activity in the MOFC. DACC. and
hippocampus. This pattern of activity was distinct from outcome evaluation
and experienced disappointment. Further. the authors noted that during the
course of the experiment. the subjects became increasingly regret-averse,

These findings suggest that expected emotions. such as regret. can influchce
decision-making behavior. and are also associated with a specific neural
substrate. The experience of regret seems to be associated with the MOFC.
which may potentially be processing the counterfactual thinking associated
with the emotion. Future research needs to experimentally tease apart exactly
what aspect of regret is associated with the MOFC. Nonetheless. the
behavioral evidence from the lesion patients and the neuroimaging results
provides converging evidence that the MOFC is critical in the experience of
this emotion. and that this in turn influences decision-making.

NEURAL EVIDENCE OF IMMEDIATE EVMIOTIONS

Immediate emotional reactions to @ set of potential chomees can alse impact
the decision-making process. Broadlv. this has been termed the —alfect
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heuristic™ and it can occur automatically with or without conscious
awareness (Slovie ot al.. 2002). These emotions may be associated with
brain regions that automatically process information pertaining to somatic
states that can lead to arousal. which in turn simultancously signal other
physiological responses and higher-order processing. These regions appear
to be involved in processing of alternatives at an carlier stage as compared
to expected emotions, which are more cognitive (top down) in nature.
Candidate regions involved in the processing of immediate emotions include
the amygdala and insula. The following section will review  evidence
ussocienved with the neural substrates of immediate emotions in a variety of
domains. including uncertainty. social decision-making. and moral decision-
making.

Cneertainty

Many experiments have demonstrated people’s aversion to uncertainty in
the context of decision-making. both in terms of the risk and the ambiguity
of decision alternatives. Preliminary neural evidence supports the behavioral
results that distinguish between the effects of risk and ambiguity on
decision-making. and suggests that ambiguity may be associated with more
negative aversive states. The neural computation of expected risk. like that
of expected reward. may be localized to the ventral striatum (Fiorillo,
Tobler. & Schultz. 2003). However. one study has reported a temporal
dissociation. in which ventral striatal activity may be more delayved when
caleulating expected risk as compared (o expected reward (Preuschotl.
Bossaerts, & Quartz. 2006).

Ambiguity appears to be associated with even more aversive somatic
states. Early conditioning studies in dogs found that unpredictable shocks
lead t0 a state of learned helplessness (Scligman & Maier. 1967). In fear
conditioning studies with humans. people are willing to withstand stronger
electric shocks if thev are more predictable than weaker. uncertain ones
(Berns et al.. 2006). Rescarch investigating the neural substrates of
ambiguity has implicated the insula. DLPEFC. posterior parietal regions
(Huettel. Stowe. Gordon. Warner. & Platt. 2006). amyvedala and LOFC
(Hsu. Bhatt. Adolphs. Trancl. & Camerer. 2005) This provides further
evidence that unpredictabiity soassocnted with oo negative somato-viseeral
State. In addition. ~similar to regre (Camitle of ab. 2004, damage o the

OFC appears to lead to decreased risk and ambiguity aversion (Hsu et all.
2005).
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Social Decision-Making

Immediate emotions have also been found 1o influence decision-making in
social contexts. An economic game commonly used to study emotional
processing in social situations is the Ultimatum Game (Guh. Schmittbherger,

& Schwarze. 1982). This game is typically played with (wo players — a

proposer and a responder. The proposer is charged with splitting a sum of

money between the two players. This split can range from fair ("We cach get
an equal share™) to unfair ("You get nothing™). The responder must cither
aceept or reject the offer put forth by the proposer. If the responder aceepts
the offer. cach player is paid according to what is proposed by the proposer.
I the responder rejects the offer. however. neither player receives anything,
The standard game theoretic solution is for the proposer to ofler the least
amount of money that they believe the responder will accept. The responder
should accept any offer greater than zero. on the grounds that something is
better than nothing. However. many experiments have demonstrated
that proposers typically offer about hail of the money. and that responders
reject offers of 20% of the pot or less about 50% of the time (Camerer,
2003).

Some empirical evidence has demonstrated that emotional reactions (o
unfairness, such as anger. underlic responder  rejections (Pillutla &
Murnighan. 1996: Xiao & Houser. 2003). These emotional reactions (hat
lead o the rejection of unfair ofters may be related o a tundamental
evolutionary adaptive mechanism that serves o form and maintain social
norms and reputation (Nowak. Page. & Sigmund. 2000,

Our group has investigated the neural systems involved in plaving the
ultimatum game. Sanfey et al. (2003) scanned subijects playving # one-shot
ultimatum game in the role of a responder using IMR1. The subjects played
with multiple human opponents and also with a computer opponent. which
served as a control condition. In the comparison between unfair and fair
offers. the authors observed an increase in activation in the bilaterai anterior
insula. DLPFC. and ACC. There was ulso g significant interaction in the
bilateral insula between opponent type and fairness of the ofier. with the
activation greatest in the human unfair offers. Activity in the insufa also
correlated with the likelthood of rejecting an offer. Further. we found
increased DLPFC activation in relation to an unlair offer. which we
proposed reflects the increased cognitive demands necded 1o overcome the
negative emotional response 1o an unfair offer. While this study provided @
useful mitial exanmation of how the brai mahes decisons a4 socidl
CONCNL Many questions renam,
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One question remaimmg s whether the subjects uclnu]l_x c.\pgricnccd d
negative emotonal reaction to unfamr offers. To address this question. van 1
Wout. Kahn. Sanfey. & Aleman (2006) measured clectrodermal activity to
assess the level of autonomic arousal experienced during the ullimqlum
game. Electrodermal acuvity has previously been found to be usfocx.;ncd
with insula actinvity (Cruchley et al.. 2000). Consistent with these findings.
the authors observed increased clectrodermal activity during unlair ol‘l‘crs\
compared to lair offers. This activity was 1n turn associated \\ul‘] rejection ol
offers. Similar to the original Sanfey et al. (2003) studyv. this effect was
specific to trials with human opponents. Subjects did not generate an
electrodermal response to the computer control trials.

Another question is whether the DLPFC response to unfair offers wans
actually the result of maintaining a deliberative goal. To address this
qucsli(;n. van't Wout. Kahn. Sanfey. & Aleman (2005) used 1'cpclitli\c
transcranial magncetic stimulation (r'TMS) o stimulate activity i the rnight
DLPFC. This nonimvasive technique allows for the temporary manipulation
of neudral activity by delivering a series of short bursts of magncetic pulses
using a mugncli'c wand (Walsh & Pacual-Leone. 2003). The results were
consistent with the prediction. Compared to sham  stimulation  (coil
positioned but no pulse delivered). rTMS applied to the right DLPFC led
to an increase in acceptances ot untair offers. This finding has recently been
replicated by another group (Knoch. Pascual-Leone. Mever. Treyer. &
Fehr, 2000). though their interpretation differs somewhat.

Finally. in order to investigate the proposed role of the insula. we used
simple emotional primes. namely movie ¢lips. to clicit mood changes prior
to playing the Uliimatum game. Based on the IMRI study outlined above.
we hypothesized that negative emotion states would lead to increased insula
activity. and thereby decrease acceptance rates of unfair offers. This is
indeed what was observed. with acceptance rates while in a sad mood
being significanth reduced as compared to both neutral and happy moods
(Harle & Sanfey. 2007). »

Recently. Kocenigs and Tranel (2007) compared the pertormance of
Patients with VMPFC damage to healthy controls on the ultimatum game.
They found that patients with VMPEC damage rejected more unfair offers
ompared to control subjects. At face value. this finding might contradict
the hypothesis that patients with VMPEFC damage should generate fess
mmediate cmotions 1o an wilfair offer and therelore daet in a more
€conomicalls rational fushion. However, previous imaging resulis suggest
that the emotional response to an unfair ofter might be assocrated more with
the insuly (Santey et al. 2003), Further. there s some evidencee that the
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MOTC might provide mhibitory control of Timbic regions such as the insula
and amygdala (Critchiey. Melmed. Featherstone. Mathias. & Dolan. 2001
Phelps. Delgadol Nearing, & LeDoux. 2004). Theretore. 1 VMPFC lesion
would disinhibit the insula and fead to an increased emotional response and
potentially higher rejection rates. This inability to regulate emotions is 4
common symptom of VMPEC damage (which typically includes the VACC)
and has been well deseribed (Bechara et al.. 2000: Drevets. 2007: Rolls.
Hornak. Wade. & McGrath. 1994),

Vioral Decision-Muaking

I the domam of moral psvchology. psyehologists and philosophers have
recently made the distinction between moral intuition and moral reasoning
(Haidt. 2007). Similar to other dual-process models discussed above. moral
intuition has heen deseribed as a fast. automatic emotional svstem. Moral
reasontng has been deseribed as more slow. deliberative. and cognitive

Greene et al. (2001) conducted a study investigating the neural correlates of

moral intuition. in which subjects were presented with a number of moral
dilemmas that had previously been rated as either moral-personal. moral-
impersonal. or non-moral.

The authors hypothesized that moral-personal dilemmas should be the
most emotionally engaging. and therefore associated with greater activity in
brain regions involved with emotion processing. In support ol their
hypotheses. the authors observed increased activity in the MPFC. posterior
cingulate cortex (PCC). and bilateral superior temporal sulei while making
the moral-personal decisions. In a follow up study. the authors replicated
their previous findings and observed increased activity in the DACC and
DLPEC i trals where utilitarian decisions required violating personal
morals. which was hypothesized 1o reflect increased conflict  between
emotional and cognitive systems. In these high emotional conflict trials.
the authors also observed increased activity in the anterior insula and PCC.
The authors proposed that the DLPFC is involved in making utibitarian
Judgments.

In supportof this hypothesis. other investizators have found that paticnts
with damage o the VMPFC endorsed more utilitarian moral Judgments
than cither healthy contrals or aatents with isions 10 other pegions
(Koenigs o all 20070 Phys supports the notion that the VMPEC s
NCCONHTY Tor seneriting cmethional resporos o roral-personal difenmmas.

Patients with VMPEC Jestons do not generate an emotional response to the

i,
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moral-personal dilemmas and thus do not generate the conflict response
described by Greene. Nystrom. Engell. Darley. and Cohen (2004). This
potentially explains the increase in the endorsement of utilitarian judgments.
In summary. these findings suggest that brain regions associated with
emotion. such as the medial PFC. insula. and PCC. process the quick
emotional responses to moral judgments, while the DLPEC may be involved
in formulating more deliberative utilitarian judgments. These two svstems
may be arbitrated by the DACC conflict system.

DISCUSSION

The goal of neuroeconomics is to provide novel insights into processes
underlying judgment and decision-making. Previous behavioral research has
emphasized the importance of emotions in this process (Damasio, 1994;
Loewenstein & Lerner. 2003: Loewenstein et al.. 2001: Mellers et al.. 1999:
Slovic et al.. 2002). We have attempted to present evidence that illustrates
the potential neural substrates mediating emotional influences on decision-
making. While the work reviewed here is preliminary in nature. there is
growing evidence for a distinction between expected  emotions  and
immediate emotions. Immediate emotions seem to be associated with more
bottom -up automatic responses consistent with conceptualizations of the
function of the amygdala and insula. Expected emotions. in contrast. appear
to involve more top-down responses associated with regions such as the
MOFC. which are important in assigning value and evaluating outcomes.

Other regions associated with higher-order cognitive functions. such as

maintaining and manipulaung information and goal states and response
selection and control. may be linked to more dorsal PFC regions like the
DLPFC and DACC (Carter et al.. 2000: Miller & Cohen. 2001). Taken
together. these hndln”\ suggest a neural dissociation between  regions
associated with automatic and controlied processing. An interesting avenue
for future research w ould be to investigate how these systems cooperate and
compete. and how this arbitration signal is generated in the brain (Daw.
Niv. & Dayan. 20035 Preliminary evidence suggests that this function may
be located in the DACC (Botvinick. Nystrom. Fissell. ,‘ulu‘ & Cohen.
1999: Carer o1 al o 20005 with some studies illustrating that this conthiet
might be observed when emotional responses contradicet mullu -order goal
States. such mamtaming reputation. making money. or evaluating a
Moral dilemma (Greene ot al.. 2004: Sanfey et al.. 2003)
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In interpreting these findings. it is important o note some further
caveats and limitations. First. emotion 1s a notoriously nebulous construct
and (o this day there is some disagreement about what actually constitutes
an emotional state. Given the difficulty i defining this concept. it should
come as no surprise that 1tis also ditheult to measure. Emotion is typically
measured using  cither subjective  ratings or physiological  measures.
Unfortunately. there is conflicting evidence that these (wo measures are
even related (for a discussion of the methods in emotion rescarch see

Coan & Allen. 2007). Additonally. a common approach within the ficld of

neuroimaging is to observe a pattern ol activation correlated with a
behavioral measure. and then to use the “reverse inlerence” to assume
that this pattern of activity neeessitates the presence of this lunction
(Poldrack.  2006). For example. repeated  observation  of  amvedala
activity in conjunction with the experience of fear does not necessarily
mean that any activation of this structure requires that a fear response was
present.

Finally. itis important to note that the theory of multiple systems remains
somewhat controversial. Others have argued that “there is no neurobiolo-
gical evidence that emotional and non-emotional svstems are fully distinct in
the architecture of the primate brain™ (Glimcher et al., 20035). and indeed.
the fact that all regions of the brain presumably serve multiple functions
thus implics that there can never be fully dissociable emotional and
cognitive regions. This criticism of the more extreme modularity view is
likely true: however. the evidence discussed above does suggest that certain
functions and processes may be subserved by different. probably over-
lapping. subsvstems. Innovative multivariate  statistical methods  are
beginning (o faciiitate the investigation of these systems-level networks
(Damoiseaux et al.. 2006: Fox et al.. 2005: Greicius. Krasnow. Reiss. &
Menon. 2003).

In summary. we have reviewed recent findings from the emerging field of
neuroeconomics that have examined emotional influences on decision-
making. These findings seem o be consistent with previous behavioral
conceptualizations of emotional influences on behavior. which differentiate
between expected and immediate emotions. We have also briefly discussed
how emotion might fit into a dual-process framework. though it should be
noted that the complex system-level dynamics of the brain most likely
require @ more refined snd detatled theoretical tramework. Nonetheless.

even using this approach. we can mahe finer-grained distinctions between

pes ol emotions. cach of which appear o have dissociable neutal
substrates. Further development of this research direction. in conjunction

Emotion und Decision-Making 1

with progress in both the theoretical and empirical understanding of
emotion and techniques for better spectfication of neural activation. offers
an exciting prospect for better understanding how our decisions are affected.
for good and ill. by our emotions.
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