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The Cognitive Neuroscience of
Human Decision Making:
A Review and Conceptual Framework

Lesley K. Fellows
Montreal Neurological Institute

Decision making, the process of choosing between options, is a
fundamental human behavior that has been studied intensively
by disciplines ranging from cognitive psychology to economics.
Despite the importance of this behavior, the neural substrates of
decision making are only beginning to be understood. Impaired
decision making is recognized in neuropsychiatric conditions
such as dementia and drug addiction, and the inconsistencies
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thalamus (Komuraetal.,2001) and parietal cortex (Platt
« Glimcher, 1999; Sugrue, Corrado, Newsome, 2004).

LESIONS

Most of the lesion studies of decision making in
humans have focused on the ventromedial prefrontal
cortex. Focal lesions in humans that involve VMF struc-
tures generally spare lateral prefrontal areas (and vice
versa), so this division is theoretically sound, clinically
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mally (despite the inability to generate normal sympa-
thetic autonomic responses; North € O’Carroll, 2001)
and from a study in young normal participants that
found that SCR magnitude related to the magnitude of
anticipated rewards or punishments in the IGT, rather
than the riskiness of the choice (Tomb, Hauser, Deldin,
€ Caramazza, 2002). Recent work has also shown that
normal participants acquire sufficient explicit knowl-
edge of the contingencies to support good perfor-
mance, even at very early stages of the task, making
recourse to a somatic marker explanation unnecessary
(Maia € McClelland, 2004).

The Iowa group has reported a number of follow-up
studies in patients with frontal lobe damage. One con-
trasted the effects of VMF damage (9 participants) with
the effects of dorsolateral or dorsomedial frontal dam-
age (six left hemisphere, four right hemisphere) on the
IGT. Although direct statistical comparison of the per-
formance of the two groups is not provided in the article,
VMF participants chose fewer than 50 cards from the
safe decks, whereas participants with dorsal frontal dam-
age, like normal participants, chose more than 50 cards.
The role of working memory in IGT performance was
also examined in this study; deficits in working memory
were correlated with deficits on the IGT but were not the
sole explanation for impaired IGT performance
(Bechara, Damasio, Tranel, € Anderson, 1998). More
recently, this group has reported that unilateral right
VMF damage (n = 4) but not left VMF damage (n = 3)
leads to impaired IGT performance compared to
control participants (Tranel, Bechara, € Denburg,
2002).

Efforts by other centers to replicate these behavioral
findings have led to mixed results. Manes et al. (2002)
administered the IGT to 19 patients with focal frontal
lobe damage. To pinpoint the key area(s) responsible
for poor performance on this task, they studied partici-
pants with unilateral damage and classified the damage
as involving one of three frontal regions (OFC, DLF,
dorsomedial frontal) or as “large” if it extended into two
or more of these regions. Damage to the OFC alone did
not impair IGT performance, whereas isolated damage
to DLF or dorsomedial regions and large lesions were all
accompanied by impaired IGT performance. A follow-
up study added another 27 patients to permit analysis of
laterality effects (albeit collapsed across the frontal sub-
regions). In keeping with the small series of Tranel et al.
(2002), right frontal damage was associated with the
worst performance on the IGT. However, left frontal
damage was also associated with impairment (Clark,
Manes, Antoun, Sahakian, € Robbins, 2003). The poor
performance of participants with right hemisphere dam-
age was evident even when ventromedial regions were
spared.

Fellows and Farah (2005) replicated the original find-
ing that VMF damage is associated with impaired IGT
performance in a group of 9 participants, most of whom
had bilateral damage. However, in the same study, unilat-
eral DLF damage (in 12 participants) was also found to
be associated with impaired performance on the task,
regardless of the involved hemisphere.

The complexity of the IGT makes it difficult to resolve
these conflicting findings. At the least it seems clear that
abnormal performance on the task is not a specific sign
of VMF dysfunction. This has implications for interpret-
ing the results of studies using IGT performance as a
probe of VMF function in conditions including addic-
tion, psychopathy, personality disorders, and studies of
normal states such as gender differences and variations
in serum testosterone (Overman, 2004; Bechara €«
Damasio, 2002; Best, Williams, € Coccaro, 2002;
Cavedini, Riboldi, D’Annucci, et al., 2002; Cavedini,
Riboldi, Keller, et al., 2002; Grant et al., 2000; Reavis €
Overman, 2001; van Honk, Hermans, Putman,
Montagne, € Schutter, 2002).

A number of investigators have examined specific
aspects of IGT performance in an effort to explain the
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published that examined the performance of partici-
pants with frontal lobe damage on this task. The first
found that VMF damage (n = 10) was associated with a
tendency to make riskier choices than either controls or
participants with DLF damage (n = 10) but to bet smaller
sums of money (Rogers, Everitt, etal., 1999). However, a
larger group of participants (n = 31) who had suffered
rupture of anterior communicating artery aneurysm
(which typically results in varying degrees of VMF dam-
age, although this was not assessed radiologically in the
study) chose the riskier gamble no more often than con-
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life, but less often in the laboratory (Fischoff, 1996).
Insights into this “front end” of decision making have
been gleaned by having participants think aloud as they
consider a difficult decision. A related approach is to
provide large amounts of potentially relevant informa-
tion and observe how participants go about sifting
through this information in order to make a decision.
The literature based on these “think aloud” and infor-
mation search strategy paradigms in normal participants
suggests that effective option identification requires at
least two processes: first, generating or recognizing
options and, second, applying a “stopping rule” when
enough options have been considered (Baron, 1994;
Butler € Scherer, 1997; Gigerenzer € Todd, 1999;
Lipshitz et al., 2001; Saad € Russo, 1996).

Although option generation has not been evaluated
using these tasks in clinical populations, one innovative
think-aloud study of participants with frontal damage
performing an ill-structured financial planning task
found that they had more difficulty structuring the prob-
lem, pursued fewer of the (explicitly provided) goals,
and were less systematic in generating options for achiev-
ing each goal than controls were (Goel, Grafman, Tajik,
Gana, ¥ Danto, 1997). Case reports of patients with fron-
tal damage tested on other complex, real-world decision
and planning tasks also support the idea that such dam-
age may have an impact at this early stage of decision
making (Grafman € Goel, 2000; Satish, Streufert, €
Eslinger, 1999), and such patients often have difficulty in
open-ended, unstructured task environments in general
(Shallice € Burgess, 1991). One might also postulate
parallels with other forms of self-initiated generation
tasks, such as fluency tasks, often impaired in prefrontal
patients in other domains (e.g., verbal, figural; Stuss €
Benson, 1986) and associated with activations in DLF in
functional imaging studies (Schlosser et al., 1998).
Although patients with VMF damage are anecdotally
characterized as impulsive, both clinical observations
and experimental work in such patients suggest that they
may spend too long contemplating decision options
(Eslinger € Damasio, 1985; Rogers, Everitt, etal., 1999),
raising the possibility that they are impaired in applying
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As discussed above, the relationship between rein-
forcementvalue and time is a central conceptin a variety
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There is also evidence from eventrelated potential
studies that the medial prefrontal cortex plays a role in
rapid monitoring of outcome value and that this moni-
toring is related to subsequent choices. A midline nega-
tive potential beginning at about 200 ms was detected in
response to the outcome of asimple gambling game with
monetary wins and losses. The amplitude of this poten-
tial was larger for losses than for wins and scaled with the
amount of money at stake. The magnitude of the poten-
tial was systematically related to the riskiness of the deci-
sion taken on the next trial, leading the authors to argue
that this potential reflected a rapid assessment of the
motivational value of an outcome, which influenced sub-
sequent decision making. Dipole modeling indicates
that the source is likely in or near the anterior cingulate
cortex (Gehring € Willoughby, 2002).

There are also clues from the animal literature that
the medial prefrontal cortex is important in motivated
behavior. Rats with lesions to the anterior cingulate
choose small rewards that require little physical effort, in
contrast to their prelesion willingness to work harder for
larger rewards (Walton, Bannerman, Alterescu, € Rush-
worth, 2003). Single-unit recordings from monkey ACC
have found that a relatively large proportion of neurons
are sensitive to the proximity of reward delivery in a
multistep task (Shidara € Richmond, 2002). Lesions to
thisarea in monkeys impaired learning of reward-motor
response associations, although stimulus-reward learn-
ing remained intact (Hadland, Rushworth, Gaffan, €
Passingham, 2003).

Preference judgments are yet another way of measur-
ing the relative value of stimuli. These have the advan-
tage of relating clearly to everyday behavior but the dis-
advantage of conflating value and choice, liking and
wanting. The difficulties of interpretation that arise
from this are illustrated by the lack of consistency
between the animal and human literatures on prefer-
ence judgments. The monkey literature suggests a role
for the amygdala and OFC in this process, although evi-
dence for a role for the OFC is not consistent. Bilateral
lesions of either of these structures lead to abnormal
food preferences in monkeys. This was expressed both as
atendency to choose foods thatare not preferred by nor-
mal monkeys in a two-choice task and by inconsistent
preference ordering for unfamiliar foods (Baylis €
Gaffan, 1991). In contrast, arecent study reported stable
preferences for familiar, palatable foods in monkeys with
bilateral OFClesions (Izquierdo, Suda,* Murray, 2004).

The handful of fMRI studies of preference judgment
in humans have generally not detected changes in activ-
ity in either the OFC or amygdala. This may be related to
technical issues brought about by signal loss in the
region of the OFC (see earlier), butit may also be due to

a focus on choice rather than evaluation in the tasks.
When participants made preference judgments of food
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CONCLUSION

Cognitive neuroscience is just beginning to provide
datarelevant to developing a brain-based understanding
of human decision making. There have been two main
approaches to this topic to date. The first of these
approaches attempts to capture the key aspects of hard
decisions, such as choices that pit reward magnitude
against risk using laboratory tasks. Studies using these
relatively complex tasks have sparked renewed interest
in long-standing ideas about the relationship between
emotion and cognition and have at the least shown that
the frontal lobes play an important role in making tough
choices. However, efforts to understand the neural pro-
cesses involved in performing these tasks at a finer level
of resolution have led to decidedly mixed results.

A second approach to this problem that may help to
elucidate the neural bases of decision making is to exam-
ine it at the component process level. This has several
advantages: First, the extensive literature on normal
human decision making can be used to identify theoreti-
cally meaningful candidate processes. Such a framework
also forces more clarity in defining and operationalizing
these processes. Second, existing data from several areas
of neuroscience, ranging from associative learning to
addiction research to studies of impulsivity, can provide
starting points for developing hypotheses about the neu-
ral bases of these component processes. This article has
attempted to frame the existing literature in such terms.
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