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Risk anticipation is an important cognitive/femotional component of
decision making. The Jowa Gambling Task [Bechara, A., Damasio,
A.R., Damasio, H., Anderson, S.W., 1994. Insensitivity to future
consequences following damage to human prefrontal cortex. Cognition
50, 7-15], which is the most widely used “risk-anticipation task” in
clinical studies, has been demonstrated to be sensitive to lesions
involving the ventromedial prefrontal cortex or amygdala. However,
the critical neural circuitry involved in this complex task has not yet
been fully clarified even in healthy subjects. Using a 3-T scanner, we
performed an event-related functional magnetic resonance imaging
study in 14 healthy subjects performing the task. The statistical
parametric mapping showed that the risk anticipation component
(risky decisions minus safe decisions) exclusively activated the medial
frontal gyrus. Furthermore, we found a significant interindividual
correlation between the task performance and the magnitude of brain
activity during risky decisions. These results indicate that the Iowa
Gambling Task does recruit the neural circuitry that is critical in
decision making under uncertainty, particularly when subjects perceive
the risk of their decision.

© 2004 Eisevier Inc. All rights reserved.

Keywords: Anticipation; Decision making; fMRI; Gambling; Prefrontal;
Emotion

Introduction

Making advantageous decisions by weighing differently on
their risks and benefits based upon previous experiences is an
important ability for survival; however, this process would rely
not only on cognitive but also on emotional substrates. The lowa
Gambling Task (IGT) was developed to simulate real-life financial
decisions (Bechara et al., 1994). In contrast to other tasks in which
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all necessary information is available for making each decision
(e.g., Elliott et al., 1999; Paulus et al., 2001; Rogers et al., 1999),
the IGT is based on a long exploratory learmning process to
evaluate long-term risk anticipation in decision making. Moreover,
IGT performance is strongly influenced by emotional factors
related to rewards and penaities. As a result of these unique
properties, the IGT is considered invaluable in investigating
various neuropsychiatric conditions (Bechara and Damasio,
2002; Bechara et al., 2001; Best et al., 2002; Blair et al,, 2001;
Cavedini et al., 2001, 2002; Grant et al., 2000; Mazas et al., 2001;
Mintzer and Stitzer, 2002; Mitchell et al., 2002; Petry, 2001; van
Honk et al., 2002).

Despite the above mentioned properties, the neural under-
pinning of the IGT has not yet been fully clarified. Poor
performance of this task has been associated with lesions
involving the ventromedial prefrontal cortex (Bechara et al,
1994, 1996, 1999) or amygdala (Bechara et al., 1999, 2003).
Recent lesion studies suggest the involvement of more extensive
structures including the dorsolateral prefrontal cortex for the IGT
(Clark et al., 2003; Manes et al., 2002). Evidence from neuro-
imaging studies is limited. Using positron emission tomography
(PET), Emst et al. (2002) demonstrated widespread activations
including the orbitofrontal, dorsolateral, prefrontal, and anterior
cingulate cortices in healthy subjects. However, PET evaluates the
summation of brain activity over a period of time (typically >1
min), during which the IGT requires multiple cognitive compo-
nents (e.g., working memory) and should elicit complex emotional
reactions. Hence, the most important component of the IGT,
namely, anticipation of the long-term consequences associated
with risky decision making (Bechara et al., 1996), may not be
appropriately highlighted by PET.

In the present experiment, an event-related functional mag-
netic resonance imaging (fMRI) was used to assess neural
responses to risk anticipation during the Iowa Gambling Task.
We hypothesized that (1) specific regions of the prefrontal cortex
would show increased activation during risky decision making,
and (2) neural activity in these regions would correlate with the
task performance.
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Materials and methods
Subjects

Nineteen volunteers (16 men and 3 women) originally
participated in this study. However, five subjects could not
identify the advantageous decks after task completion. This
observation is different from previous literature reporting that
healthy subjects should be able to identify the advantageous
decks correctly in a natural environment (Bechara et al., 1996,
1997). This discrepancy probably resulted from the study-specific
factors such as the task performance under the MRI environment
or the limited selection time (see below). These five subjects were
excluded from the following analyses. Fourteen volunteers (13
men and | woman), whose mean age was 24.4 years (SD = 1.45),
completed the task successfully. All were right-handed as
assessed by the Edinburgh Handedness Inventory. They had no
history of any psychiatric or neurological disorders, serious
physical illnesses, or drug/alcohol abuse, and had no within-
second-degree relatives with a history of major psychiatric
disorders.

In accordance with the Helsinki Declaration of Human Rights
(1975), written informed consent, after the detailed explanation of
the study, was obtained from all the participants. The study
protocol was approved by the local Ethics Committee.

Task

The IGT has been described in detail in a previous study.
Briefly, the task goal is to maximize the profit from a loan of
play money. Subjects are required to make a series of 100 card
selections from one of the four card decks (A, B, C, and D).
Each selection is followed by a showdown of a reward and a
penalty. The reward/penalty schedules are predetermined: Deck
A and B yield high immediate rewards but carry a risk of much
higher long-term penalties, which will result in total loss in the
long run (disadvantageous decks); Decks C and D yield low
immediate rewards but smaller long-term penalties, which will
result in long-term gain (advantageous decks). After the task,
subjects were asked about which decks they thought were
advantageous.

We developed a computerized version of the IGT in strict
compliance with the original version. The differences from the
original task were as follows: (1) play money was converted
from dollars to Japanese yen; (2) the time allowed for each
card selection was limited to 3.5 s, and a forced choice was
randomly made by a program when the selection time was
over.

The computerized IGT first displayed the four card decks
aligned horizontally from left to right and the image of starting
play money (200,000 yen). Each trial started with the display of
a message, “Pick a card”. The subject then chose one of the four
decks by pressing a spatially congruent button within a selection
time of 3.5 s. The selected card opened for 2 s, and the
responses were recorded for subsequent analyses. The reward
was subsequently presented as an image of Japanese currency
notes (5000 or 10,000 yen) for 2 s, and the penalty (0—125,000
yen) was then displayed for 2.5 s. Subjects were given a resting
period of 2 s after each trial. Thus, the intertrial intervals lasted
for 12 s, and the whole task (100 trials) lasted for approximately
20 min.

To familiarize themselves with the basic operations before the
scanning, subjects were fully trained on a modified version of the
task in which a gain equaled a loss over trials.

Functional MRI

fMRI experiments were conducted on a 3-T whole body
scanner equipped with a volume head-coil (Trio, Siemens,
Erlangen, Germany). Functional images were obtained with a
T2*-weighted, gradient-echo, echo planar imaging sequence with
a capability of prospective motion correction (Thesen et al.,
2000). The image acquisition parameters were as follows:
repetition time (TR) = 3 s, echo time (TE) = 30 ms, flip angle
(FA) = 90°, field of view (FOV) = 192 mm, matrix = 64 x 64,
and 36 axial slices with 3-mm thickness and 30% slice gap. The
first two images were not saved. For anatomic registration, we
obtained T2-weighted, turbo spin echo images in the same space
as the functional images. Tl-weighted, three-dimensional struc-
tural images were also obtained using a magnetization-prepared,
rapid-gradient echo sequence. Subjects lay supine on a scanner
bed, with a button response device held with their right hand.
They viewed visual stimuli back-projected onto a screen through
a mirror built into the head coil. Foam pads and elastic tape were
used to minimize head motion.

Image analysis was performed using statistical parametric
mapping [(SPM99, hitp://www.fil.ion.ucl.ac.uk/spm) implemented
on MATLAB (MathWorks, Inc., Natick, MA, USA)]. The func-
tional images were corrected for sequential slice timing, and all
images were realigned to the first image to adjust for residual head
movements. The realigned images were then spatially normalized
to fit a Montreal Neurological Institute template (Evans et al.,
1993) based on the standard stereotaxic coordinate system
(Talairach and Tournoux, 1988). Subsequently, all images were
smoothed with an isotropic Gaussian kernel having 6-mm full
width at half maximum.

For the event-related fMRI analysis, we concentrated on the
selection periods during which the subjects made their
decisions. A first-level multiregression analysis was performed
for each subject to test the correlation between MRI signals
and a train of delta functions convolved with the canonical
hemodynamic response function and its temporal derivative.
Proportional scaling for the global signal was not performed.
High-frequency noise was removed by temporally filtering the
data with a hrf low pass filter and low-frequency noise was
removed using a high-pass filter with a cutoff of 120 s.
Planned linear contrasts were applied to the parameter estimates
from the multiregression analysis (Friston et al, 1995). Mean
effect images reflecting the magnitude of correlation between
the signals and the model of interest (risky decisions minus
safe decisions) were computed and used for the subsequent
second-level, random-effects model analysis. An explicit inclu-
sion mask image was used to limit the search volume to the
brain areas showing positive risky-decisions effects (P < 0.05,
uncorrected; Fig. 1). Group-level statistical parametric maps
were then produced by performing one-sample ¢ test. A
statistical threshold was assessed at the height threshold of
P < 0.01 (voxel-level uncorrected). For statistical peaks below
that threshold, the significance level was also set based on the
spatial extent of the contiguous activity (P < 0.05 with
correction for multiple comparisons). The resulting activation
maps were displayed onto the anatomically normalized mean
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P <0.05
uncorrected

Fig. 1. Statistical parametric maps showing brain activation during performance of risky decisions (P < 0.05, uncorrected).

T1 image derived from all subjects to identify the anatomical
correlates of the activity.

Results
Task performance

One subject failed to press a buiton twice during the 3.5-s
selection periods, and these two trials were excluded from the
analyses. Reaction times did not differ significantly between the
risky decisions (1.16 + 0.38 s) and safe decisions (1.13 + 0.40 s).
According to the previous report (Bechara et al, 1994), we
subdivided the 100 trials into five blocks consisting of 20 trials

—¢— Disadvantageous Decks (A and B)

—O— Advantageous Decks (C and D)
20

; .

Total Number of Cards
Selected from Decks
=

.L W
' 1-20 21-40 41-60 61-80 81-100
Order of Card Selection from the 1st to the 100th Trial

Fig. 2. Means = SD of the total number of cards selected from
advantageous versus disadvantageous decks in each block of 20 cards
(N = 14). 1t is shown that subjects learn to avoid the bad decks and prefer
the good decks.

each. For each block, we counted the number of disadvantageous
selections (Deck A and B) and advantageous selections (Deck C
and D). Fig. 2 illustrates the mean profile of the advantageous or
disadvantageous card selections by the 14 subjects.

Brain activity

The second-level analysis for the risky decisions minus the safe
decisions revealed significant activation exclusively in the medial
frontal gyrus (Table 1; Fig. 3).

The behavioral data showed a clear linear trend, which might
reflect a learning process in the IGT. We performed a
complementary analysis where new regressors were added in
the design matrix as parametric modulators to model the linear
change in brain activity over time. Consequently, a significant
activation in the contrast of risky versus safe decisions was again
found only in the medial prefrontal cortex at the height threshold
of voxel-level correction of P < 0.05, using a random effect
model (Talairach coordinates; x =4, y =37,z =31: P = 0.034).
The results are presented in Fig. 4. The mean parameter
estimates for the canonical hemodynamic response function and
the time modulator during risky and safe decisions are shown in
Fig. 5.

Table 1
Activity during risk anticipation
Regions Cluster level Talairach coordinates  Z value
Cluster size P corrected — x y z
Medial 229 0.032 -2 57 21 3.53
frontal
gyrus
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Fig. 3. Activations associated with risk anticipation (risky decisions minus safe decisions) are shown onto the mean anatomically standardized T1image of all subjects.

0.2
g 0.15
s 0.
£
=
w
%}
g 0.1
8
Q
g
8
o
i 0.05
AB CDh AB CD
Canonical function Time modulator
Fig. 4. Activations associated with risk anticipation in an analysis where Fig. 5. Parameter estimates for canonical hemodynamic response function
time-dependent signal changes were taken into account (height level P < and parametric modulator (time) during risky (A, B) and safe (C, D)
0.05 corrected). : decisions (Talairach coordinates; x = 4, y = 37, z = 31).
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