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Abstract

An event-related fMRI technique was used to assess neural responses to financial reward and penalty during a simple gambling task. We
attempted to determine whether brain activities are dependent on the unique context of an event sequence. Thirty-six healthy volunteers
participated in the study. The task was to guess the color of the suit of a card on each trial and to respond by pressing a button. Every correct
response (“win”) and incorrect response (“loss”) was associated with financial reward and penalty, respectively. The magnitude of reward
or penalty in each trial did not change; however, the subjects’ self-reported emotional arousal was significantly higher for the events of “the
fourth win of four wins in a row” and “the fourth loss of four losses in a row.” We also found that the bilateral anterior cingulate and medial
prefrontal cortices were specifically activated when the subjects experienced “the fourth win of four wins in a row” and “the fourth loss of
four losses in a row. ”When the subjects experienced “a win following four losses in a row” or “a loss following four wins in a row, ”the
right dorsolateral prefrontal cortex was specifically activated. Our data indicate that there exist brain activities associated with the
event-sequence context in which abstract reward or penalty is received. These context-dependent activities appear to be crucial for adapting
oneself to new circumstances and may account for clinical symptoms of various mental illnesses in which dysfunction of these regions has
been reported.
© 2003 Elsevier Inc. All rights reserved.

Introduction

Receiving rewards or penalties is not a simply passive
behavior. Animals should predict potential rewards/penal-
ties, distinguish their nature, and respond appropriately by
changing their attentional or arousal level for successful
adaptive behavior. Single-unit studies of nonhuman pri-
mates revealed the brain structures that are related to re-

wards and penalties. In the monkey, midbrain dopamine
neurons were reported to be activated by the occurrence of
rewards after their presentation and visual or auditory stim-
uli that predict rewards (Schultz, 1986; Romo and Schultz,
1990; Schultz and Romo, 1990; Ljungberg et al., 1992).
Dopamine neurons also encode an error in the temporal
prediction of rewards; the dopamine activity is enhanced by
surprising rewards and it is depressed by the omission of
predicted rewards (Ljungberg et al., 1992; Mirenowicz and
Schultz, 1994). Other neurons in the ventral striatum (Api-
cella et al., 1991; Shidara et al., 1998) and orbitofrontal
cortex (Niki et al., 1972) also respond to the delivery of
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rewards. Furthermore, neurons within the orbitofronal cor-
tex not only discriminate rewards and penalties (Thorpe et
al., 1983), but also respond to reward expectancy (Tremblay
and Schultz, 1999, 2000). Reward expectation neurons are
also found in the striatum (Shidara et al., 1998; Schlutz et
al., 1992). Neurons in the lateral prefrontal cortex were
reported to be sensitive to the presence or absence of ex-
pected rewards (Watanabe, 1990, 1992) and play an impor-
tant role in coding the discrepancy between the expectancy
of a specific reward and the response outcome (Watanabe,
1996).

On the other hand, imaging studies revealed that human
brain activities are associated with the cognition of abstract
rewards and penalties. In particular, the “gambling task” has
been recently used as a laboratory model for investigating
brain activities in response to abstract types of reward and
punishment (e.g., monetary reward or penalty) in normal
subjects. A previous positron emission tomography (PET)
study revealed that the human orbitofrontal cortex can be
activated with monetary reward (Thut et al., 1997). A func-
tional magnetic resonance imaging (fMRI) study supports
this finding, demonstrating that an increase in the activity of
the medial orbitofrontal cortex is related to the subjects’
receipt of monetary reward and deactivation following pun-
ishments (O’Doherty et al., 2001). The authors recorded the
converse pattern of activation in the lateral orbitofrontal
cortex (activation following punishments, deactivation fol-
lowing rewards). Moreover, in these areas, the authors
found a correlation between the magnitude of brain activa-
tion and that of rewards and punishments received.

However, neural responses related to human reward sys-
tems under different psychological contexts are studied less
extensively. On this issue, some groups focused on the
context of anticipation of abstract rewards and punishments.
They demonstrated that whereas anticipation of increasing
rewards elicited nucleus accumbens activation (Breiter et
al., 2001; Knutson et al, 2001b), the anticipation of increas-
ing punishment did not activate the nucleus accumbens
(Knutson et al., 2001a). Nucleus accumbens activation cor-
related with individual differences in self-reported happi-
ness elicited by the reward cues (Knutson et al., 2001a). On
the other hand, Elliott and colleagues (2000) focused on the
psychological context of a winning or losing streak. They
demonstrated that brain activities in the bilateral globus
pallidus, thalamus, and subgenual cingulate are associated
with rewards in the context of winning streak. They also
showed that responses to both rewards occurring as part of
a winning streak and penalties as part of a losing streak are
observed in the caudate, insula, and ventral prefrontal cor-
tex. This is consistent with the findings that the medial
orbitofrontal and ventromedial prefrontal cortices are in-
volved in the representation of rewards and risk (Bechara et
al., 1994, 1996, 1997; Rolls et al., 1994).

Taking these results into account, a prior emotional ex-
perience with streaks of rewards/penalties appears to shape
the subjective “feeling” of an incoming expected reward/

penalty or an unexpected one for that matter. Moreover,
there seems to be dissociable neural responses that are
dependent on the psychological context in which abstract
rewards and penalties are received in the human brain.
Therefore, based on the study by Elliott et al., we would like
to determine the relationship between subjective feelings
and the context of winning/losing streaks and how these
context are expressed in the human brain. In this experi-
ment, an event-related fMRI technique was used to assess
neural responses to financial reward and penalty during a
gambling task whose paradigm was based on the study by
Elliott and Critchely (Critchley et al., 2000). Our aim is to
determine whether subjective feelings and brain activities
are dependent on the unique context of an event sequence,
that is, four wins in a row, four losses in a row, a win
following four losses in a row, or a loss following four wins
in a row. On the basis of previous studies, we hypothesize
that:

1. The medial prefrontal cortex is activated by risk-
tasking and emotionally salient events, such as the
context of a winning or losing streak.

2. The lateral prefrontal cortex is activated by the dis-
crepancy between the expectancy and the outcome of
rewards/penalties, such as the context of switching
from a winning or losing streak to the opposite event.

Methods

Subjects

Thirty-six healthy volunteers (19 men and 17 women),
whose mean age was 20.8 years (SD � 2.98), participated
in this study. All were native Japanese speakers and right-
handed, as assessed by the Edinburgh Handedness Inven-
tory. Subjects with a history of psychiatric, neurological, or
other serious physical illnesses; drug or alcohol abuse; or
second-degree relatives with a history of major psychiatric
disorders were excluded.

Approval to carry out this experiment was obtained from
Ethics Committee of Tohoku Fukushi University. In accor-
dance with the Helsinki Declaration of Human Rights
(1975), written informed consent was obtained from all
participants after complete and detailed description of the
study to the subjects.

Experimental paradigm

Brain activity associated with the psychological context
of reward/penalty in a simple gambling task was examined,
using an event-related fMRI technique. The experimental
paradigm we used here was based on the previous studies
done by Elliott and Critchley (Elliott et al., 2000; Critchely
et al., 2000).

Subjects were presented with cards as visual stimuli on a
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small screen on a head coil. The task was to guess the color
of the suit (red or black) of a card on each trial and respond
by pressing a button. (Fig. 1) Each trial consists of two parts
and each part lasted 2.4 s, so that the duration of the entire
trial was 4.8 s. In the first part, a card was presented for
2.4 s, and during this period, subjects were instructed to
press button 1 if they thought the suit color would be red or

press button 2, if black. In the first part, the cumulative
“reward” score was also presented. Subjects began this task
with a 0 yen “stake.” For the subsequent 2.4 s (the second
part), the correct color and a “win!” or “loss!” message were
presented. Every correct response (win) in the second part
was associated with an increment of 1000 yen in the cumu-
lative reward score for the subsequent first part of the next

Fig. 1. Gambling task (top). During the first part, subjects were instructed to guess the color of the suit and respond by pressing a button. (red, button 1; black,
button 2). During the second part, the correct color and a “win!” or “loss!” message were presented. HRF, hemodynamic response function. Cumulative
reward score (bottom). Because the outcome feedback (“win” or “loss”) sequence was predetermined regardless of the subjects’ actual choices, the cumulative
reward score was also predetermined as shown here.
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trial, whereas every incorrect response (loss) was associated
with a decrement of 1000 yen in the score. In fact, this
outcome feedback (win or loss) sequence was predeter-
mined according to a pseudorandom sequence, regardless of
the subjects’ actual choices. Therefore, the cumulative re-
ward score was also predetermined (Fig. 1).

To examine the neural response related to the context in
which rewards and penalties are experienced in this task,
artificial repetition of win or loss was designed, that is, “four
wins in a row” and “four losses in a row.” There were 215
trials in each run. The total number of win versus loss,
“winning four trials in a row” versus “losing four trials in a
row” and “a win subsequent to losing four trials in a row”
versus “a loss subsequent to winning four trials in a row”
was counterbalanced across the task.

Immediately after the fMRI measurements, the subjects
were asked to indicate how happy or unhappy they found
themselves at winning or losing events during the task
performance using an 11-point rating scale (i.e., “5” indi-
cates “happiest,” “0” indicates “neutral,” and “�5” indexes
“unhappiest”).

fMRI measurement

T1-weighted structural images were acquired for each
volunteer, using a 1.5-T Siemens Vision plus scanner (Si-
mens Magnetron Vision, Erlanger, Germany; repetition
time 9.7 ms, echo time 4 ms, flip angle 12°, FOV � 250
mm, pixel size 1.25 � 0.98 mm, matrix 175 � 256). To
measure neural responses, gradient echo, echoplanar T2*-
weighted images with blood oxygenation level-dependent
(BOLD) contrast were acquired (repetition time 4000 ms,
echo time 60 ms, flip angle 90°, FOV � 256 � 256 � 256
mm3, voxel size 4 � 4 � 3 mm3, matrix 64 � 64, slice
thickness 3mm, interslice gap 0.99 mm). Thirty-four axial
slices were oriented over the whole brain.

To allow for T1 equilibration effects, two preliminary
scans were acquired and subsequently discarded. Thereaf-
ter, scans were acquired continuously every 4.0 s, so each
block of five behavioral trials corresponded to six scans.
This temporal asynchrony is significant for avoiding a sys-
tematic bias in sampling over peristimulus time.

Data analysis

Data were analyzed on a work station (Sun Microsys-
tems), using MATLAB (Mathworks Inc., Natick, MA) and
statistical parametric mapping (SPM99; Wellcome Depart-
ment of Cognitive Neurology, London, UK). The initial two
scans were discarded for the nonequilibrium state of mag-
netization.

Before statistical analysis, a series of spatial transforma-
tion stages were required. First, slice time adjustment was
performed to correct for differences in acquisition time
among 34 slices of each scan. Second, to correct for artifacts
caused by small head movements, images from each subject

Fig. 3. Brain areas that were significantly activated when subjects experience four
wins in a row and four losses in a row. Depicted here are areas of the brain that
yielded significantly higher activity in W4 than in W1 (a), and in L4 than in L1 (b)
and rendered onto the mean anatomically standardized T1 image of all subjects.
Both activation were significant at P � 0.05 (corrected).
Fig. 4. Brain areas that were significantly activated when subjects experience a
win following four losses in a row and a loss following four wins in a row.
Depicted here are areas of the brain that yielded significantly higher activity in SW
than in W1 (a) and in SL than in L1 (b). Both activations were significant at P �
0.05 (corrected). Frontal views are shown in the top panel and lateral views from
the right are shown in the lower panel. SW, sudden win; SL, sudden loss.
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were realigned to the first image and resliced using a sinc
interpolation. Third, a mean image created from the re-
aligned volumes was coregistered with the structural T1
volume and the structural volumes were spatially normal-
ized to a standard template in the space of Talairach and
Tournoux (1988) using nonlinear basis functions. Fourth,
the derived spatial transformation was applied to the re-
aligned T2* volumes, which were then spatially smoothed
with a three-dimensional isotropic Gaussian kernel (12 mm
full-width at half-maximum). This improves the signal-to-
noise ratio and accommodates for residual variations in
functional neuroanatomy that usually persist between sub-
jects after spatial normalization.

A key aspect of rewarding situation is how reward (or
penalty)-related responses are modulated by the psycho-
logical context. We, therefore, hypothesized that neural
responses depend on the context of winning or losing
streak and presumed the following 10 conditions for each
subject:

1. W1: the win other than W2, W3, W4, and SW
2. W2: the second win of two wins in a row
3. W3: the third win of four wins in a row
4. W4: the fourth win of four wins in a row
5. SW: a win following four losses in a row; SW stands

for sudden win
6. L1: the loss other than L2, L3, L4, and SL
7. L2: the second loss of two losses in a row
8. L3: the third loss of three losses in a row
9. L4: the fourth loss of four losses in a row

10. SL: a loss following four wins in a row; SL stands
for sudden loss

For both W4 and SW, which were designed as a special
context, a subtraction method was used to contrast the brain
activity associated with W1 that seems less meaningful or
less exciting in terms of psychological context. On the other
hand, for both L4 and SL, a subtraction method was used to
contrast the brain activity associated with L1. We also
compared the brain activities between W1 and L1, W4 and
L4, and all wins (including W1, W2, W3, W4, and SW) and
all losses (including L1, L2, L3, L4, and SL).

In addition, we performed the correlation analysis be-
tween the subjects’ arousal and the fMRI signals. In this
analysis, neural activities were examined for parametric
modulation by the scores of arousal rating scale.

fMRI data were analyzed using the general linear model.
For the statistical analysis on the intrasubject basis, the time
series of images were correlated with the SPM99 built-in
“Canonical HRF” that approximates activation patterns.
The onset of the expected response was positioned at the
beginning of the second part of each trial (i.e., the point at
which the correct color of suit and a “win!” or “loss!”
message were presented (see Fig. 1). Condition effects at
each voxel were estimated according to this general linear
model and regionally specific effects were compared using
linear contrasts. Global changes were adjusted by propor-

tional scaling and low-frequency confounding effects were
removed using an appropriate high-pass filter. Voxel values
for each contrast yielded a statistical parametric map of the
t statistic (SPM t), which was subsequently transformed to
the unit normal distribution (SPM Z).

Intersubject maps were then produced by performing
one-sample t tests to identify voxels that survive a voxel-
wise multiple comparison (P � 0.05, corrected). At this
step, we used masking procedures: The resulting SPM{T}
of W4 � W1, L4 � L1, SW � W1, and SL � L1 were
masked with the statistically thresholded (P � 0.05 cor-
rected) mask of W4, L4, SW, and SL, respectively.

Finally, the resulting activation maps were created and
displayed by projection onto the mean anatomically stan-
dardized T1 image of all subjects to identify cortical struc-
tures.

Results

Subjects’ ratings

Two-way ANOVA (analysis of variance) and post hoc
Tukey’s tests were performed. Examination of the subjects’
self-reported ratings indicated that W4 was a significantly
more pleasant/happier event than W1 (mean � SD, W1,
1.58 � 0.87; W4, 4.5 � 0.78, P � 0.000001), and L4 was
a significantly more unpleasant/unhappier event than L1
(mean � SD, L1, �1.28 � 1.03; L4, �4.17 � 1.36, P �
0.000001) (Fig. 2).

However, there was no significant difference between
W1 and SW (mean � SD, L1, 1.58 � 0.87; SW, 2.11 �
1.58, P � 0.05) or between L1 and SL (mean � SD, L1,
�1.28 � 1.03; SL, �1.58 � 1.40, P � 0.05).

Fig. 2. Mean subjects’ ratings. Mean subjects’ ratings of emotional expe-
rience in each winning and losing event. Each subject rated each event
individually (W1, W2, W3, W4, SW, L1, L2, L3, L4, and SL). SW stands
for sudden win. SL stands for sudden loss. Two way ANOVA and post hoc
Tukey’s tests were performed. Subjects’ ratings showed significant differ-
ences in W1 versus W4 and L1 versus L4 (P � 0.000001), but not in W1
versus SW and L1 versus SW.
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fMRI data

Figure 3a and Table 1 show the significantly activated
regions in the subtraction analysis of W4 � W1. In the
event of the fourth win of four wins in a row (W4), signif-
icant activation was observed in the medial aspect of the
superior frontal gyrus and the anterior cingulate gyrus, in
comparison with the W1 event. There were two activation
peaks in the cluster of the right superior frontal gyrus and in
that of the left superior frontal gyrus.

Figure 3b and Table 1 illustrate the significantly acti-
vated regions in the subtraction analysis of L4 � L1. In the
event of the fourth loss of four losses in a row (W4),
significant activation was found in the medial aspect of the
frontal gyrus, the anterior cingulate gyrus, and the right
middle temporal gyrus. There were two activation peaks in
the cluster of the left medial aspect of the superior frontal
gyrus. The activation pattern of W4 � W1 highly over-
lapped with that of L4 � L1 (Figs. 3a and b).

Table 2 shows the significantly activated regions in the
subtraction analysis of W1 � L1. In the event of W1,
significant activation was observed in the bilateral ventral
striatum, bilateral lingual gyrus, bilateral inferior temporal
gyrus, and bilateral posterior lobe of the cerebellum, com-
pared with the L1 event. However, no significant activation
was found in L1 � W1, W4 � L4, and L4 � W4.

Table 3 shows the comparison between neural activation
for all wins and that for all losses. In the events of win, the
bilateral ventral striatum, bilateral posterior lobe of the
cerebellum, and left lateral occipital cortex were signifi-
cantly activated in comparison with the events of loss. No
significant activation was found in the subtraction analysis
of all wins — all losses.

Table 4 shows the brain regions that correlate with the
subjects’ arousal. The medial aspect of the superior frontal
gyrus and the anterior cingulate gyrus significantly correlate
with the subjects’ arousal in the events of both win and loss.
This activation pattern appears to be very similar to those of
W4 � W1 and that of L4 � L1 (Figs. 3a, b).

Figure 4a and Table 5 show the significantly activated
regions in the subtraction analysis of SW � L1. In the event
of a win after four losses in a row (SW), significant activa-
tion was observed in the right middle frontal gyrus, in
comparison with the W1 event. There were two activation
peaks in the cluster of the right middle frontal gyrus.

Figure 4b and Table 5 illustrate the significantly acti-
vated regions in the subtraction analysis of SL � L1. Com-
pared with L1, in the event of a loss after four wins in a row
(SL), significant activation was found in the right middle
frontal gyrus. There were two activation peaks in the cluster
of the right middle frontal gyrus. The activation pattern of
SW versus W1 appears to be very similar to that of SL
versus L1. (Figs. 4a and b)

Discussion

In this study, using a simple gambling task, we demon-
strated brain activities associated with the event-sequence
context in which abstract reward or penalty is received.

The most significant findings in our study are as follows:

1. The magnitude of each reward or penalty was the
same across the whole events; however, psychological
data demonstrated that subjective emotional experi-
ences are different because of the context in which

Table 1
Brain activities for four wins in a row and four losses in a row

L/R Region Number of
voxels (k)

Talairach coordinates (mm) T score

x y z

W4 � W1
R Medial aspect of superior frontal gyrus 81a 8 22 58 8.11
R Medial aspect of superior frontal gyrus 12 58 22 7.16
L Medial aspect of superior frontal gyrus 908b �2 58 10 8.21
L Medial aspect of superior frontal gyrus �2 40 46 6.85

L4 � L1
R Medial aspect of superior frontal gyrus 1229 8 56 22 8.78
R Medial aspect of superior frontal gyrus 32 10 18 60 7.7
L Medial aspect of superior frontal gyrus 111c �8 22 58 6.55
L Medial aspect of superior frontal gyrus �4 50 20 8.35
R Middle temporal gyrus 22 60 �12 �12 5.29

Note. Maximally activated voxels in brain areas where significantly higher activities were found in W4 than in W1 and in L4 than in L1 (P � 0.05,
corrected). Stereotaxic coordinates are derived from the human atlas of Talairach and Tournoux (1998) and refer to medial–lateral position (x) relative to the
midline (positive � right), anterior–posterior position (y) relative to the anterior commissure (positive � anterior), and superior–inferior position (z) relative
to the commissural line (positive � superior). L, left; R, right.

a This amount is the total number of activated voxels for the right medial aspect of the superior frontal gyrus in W4 � W1.
b This amount is the total number of activated voxels for the left medial aspect of the superior frontal gyrus in W4 � W1.
c This amount is the total number of activated voxels for the left medial aspect of the superior frontal gyrus in L4 � L1.
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reward or penalty is received, that is, the sequence of
each reward/penalty-related event (i.e., four wins in a
row, four losses in a row, a win following four losses
in a row, and a loss following four wins in a row).

2. Depending on the nature of the unique context (i.e.,
repetition of win or loss vs. switching from a winning
or losing streak to the opposite event), specific brain
regions were activated, unrelated to the nature of event
(i.e., reward-related vs. penalty-related).
a. The medial aspect of the prefrontal cortex and the

anterior cingulate cortex showed significant activa-
tions both in a series of reward-related events and
in a series of penalty-related events. In these brain
regions, there were significant correlations between
fMRI signals and the subjects’ arousal.

b. The right dorsolateral prefrontal cortex showed sig-
nificant activation in switching events, such as a
reward-related event following a series of penalty-
related event and a penalty-related event following
a series of reward-related event.

We highlight the finding that the overlapping activation of
brain regions was induced in a specific context, whether the
event was reward-related or penalty-related. This means that
information regarding abstract rewards and penalties is repre-
sented as a certain context in the human brain independent of
its nature (i.e., reward-related or penalty-related). Then, what is
the meaning of this context-dependent brain activity? Why is a
specific brain region activated in the unique context, even if the
magnitude of each reward or penalty is the same?

Table 2
Brain activities for W1 versus L1 and W4 versus L4

L/R Region Number of
voxels (k)

Talairach coordinates (mm) T score

x y z

W1 � L1
R Ventral striatum 400 24 0 �8 8.67
L Ventral striatum 88 �26 �2 �12 8.61
R Lingual gyrus 10,028a 16 �68 �12 9.47
L Lingual gyrus �16 �86 �2 10.63
R Inferior temporal gyrus 40 �78 �12 8.99
L Inferior temporal gyrus �42 �62 �12 9.88
R Posterior lobe of cerebellum �10 �72 �20 9.45
L Posterior lobe of cerebellum �34 �64 �32 8.52

L1 � W1
NS

W4 � L4
NS

L4 � W4
NS

Note. Maximally activated voxels in brain areas where significantly higher activities were found in W1 than in L1 (P � 0.05, corrected). No significant
activation was found in L1 � W1, W4 � L4, and L4 � W4. NS, not significant.

a This amount is the total number of activated voxels for the bilateral lingual gyrus, inferior temporal gyrus, and posterior lobe of the cerebellum in W4 � L1.

Table 3
Brain acitivities for all wins versus all losses

L/R Region Number of
voxels (k)

Talairach coordinates (mm) T score

x y z

all W — all L
R Ventral striatum 26 26 2 �10 6.88
L Ventral striatum 64 �24 4 �12 7.51
R Posterior lobe of cerebellum 2426a 38 �76 �28 8.69
L Posterior lobe of cerebellum �28 �78 �20 8.15
L Lateral occipital cortex �22 �92 �6 7.86

all L — all W
NS

Note. Maximally activated voxels in brain areas where significantly higher activities were found in all W than in all L (P � 0.05, corrected). No significant
activation was found in all L — all W. NS, not significant. all W, all wins including W1, W2, W3, W4, and SW. all L, all losses including L1, L2, L3, L4, and SL.

a This amount is the total number of activated voxels for the bilateral posterior lobe of the cerebellum and the lateral occipital cortex in all W — all L.

1680 Y. Akitsuki et al. / NeuroImage 19 (2003) 1674–1685

chh
Highlight

chh
Highlight



Medial aspect of prefrontal cortex

In our study, the maximum activation during a series of
reward-related event and a series of penalty-related event
(i.e., four wins in a row and four losses in a row) was
localized to the cingulate sulcus, the anatomical border
between the anterior cingulate (Brodmann’s area 32), and
the medial prefrontal cortex (Brodmann’s area 9). Studies
on cytoarchitectonic characteristics (Vogt et al., 1995) and
laminar characteristics (Barbas and Pandya, 1989) of these
two areas suggest that a rigid distinction between this por-
tion of the anterior cingulate cortex and the medial prefron-
tal cortex is misleading. Given that the observed activation
extended into both the anterior cingulate and the medial
prefrontal cortex, this most likely reflects processes charac-
teristic of these two regions.

Activation of the medial prefrontal cortex observed in
our study appears to be involved in the emotionally salient
context. Results of other imaging studies are consistent with
our data. The medial prefrontal cortex is an area that was

found to be activated in previous PET studies of emotion
(George et al., 1995; Lane et al., 1997c). Since the medial
prefrontal cortex appears to participate in aspects of emo-
tion unrelated to its type, valence, or method of induction
(Lane et al., 1997b; Reiman et al., 1997), it may be involved
in the arousal component of emotional response as opposed
to valence appraisal (Lang and Greenwald, 1988).

Several studies showed that the anterior cingulate cortex
is related to pain (Peyron et al., 1999; Rainville et al., 1997),
performance monitoring (Shima and Tanji, 1998), error
detection (Carter et al., 1998), conflict monitoring (Both-
vinick et al., 1999), and response selection (Turken and
Swick, 1999). The activation we observed in our study
when subjects experience four wins in a row or four losses
in a row, however, is more anterior to the foci reported in
these studies. Our interpretation of the data is that the
activation of the anterior cingulate cortex is related to emo-
tional processing and subjective experience of emotion
(Lane et al., 1997a). Some lesion studies support this idea.
Ventromedial prefrontal lesions are associated with the ab-

Table 4
Brain activities that correlate with the subjects’ arousal

L/R Region Number of
voxels (k)

Talairach coordinates (mm) T score

x y z

Wm
L Medial aspect of superior frontal gyrus 1975a �8 58 26 10.57
R Medial aspect of superior frontal gyrus 4 56 24 9.05
L Medial aspect of superior frontal gyrus �4 46 10 8.53
L Medial aspect of superior frontal gyrus 92 �6 20 60 6.90

Posterior cingulate gyrus 52 0 �24 38 6.51

Lm
R Medial aspect of superior frontal gyrus 2528 4 52 24 9.76
R Middle temporal gyrus 3 58 �14 �22 5.06
L Middle temporal gyrus 25 �58 �14 �20 5.70

Vermis 2 6 �62 �6 5.02

Note. Maximally activated voxels in brain areas that significantly correlated with the subjects’ arousal (P � 0.05, corrected). Wm, modulation by the
subjects’ arousal in the events of win. Lm, modulation by the subjects’ arousal in the events of loss.

a This amount is the total number of activated voxels for the bilateral medial aspect of superior frontal gyrus in Wm.

Table 5
Brain activities for a win following four losses in a row and a loss following four wins in a row

L/R Region Number of voxels (k) Talairach coordinates (mm) T score

x y z

SW � W1
R Middle frontal gyrus 850a 34 22 52 7.52
R Middle frontal gyrus 26 42 38 5.98

SL � L1
R Middle frontal gyrus 317b 36 30 36 5.38
R Middle frontal gyrus 26 16 54 4.94

Note. Maximally activated voxels in brain areas where significantly higher activities were found in SW than in W1 and in SL than in L1 (P � 0.05,
corrected).

a This amount is the total number of activated voxels for the right middle frontal gyrus in SW � W1.
b This amount is the total number of activated voxels for the right middle frontal gyrus in SL � L1.
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sence of autonomic response to positively as well as nega-
tively charged pictures (Damasio et al., 1990). Ventral pre-
frontal lesions are related to changes in patients’ ability to
feel emotions compared with their premorbid state (Homak
et al., 1996). This is consistent with Papez’ suggestion
(Papez, 1937) that this region is “the seat of emotional
experience.”

A study on single neuronal signal in the anterior cingu-
late cortex of monkeys demonstrated responses that pro-
gressively changed strength with reward expectancy (Shi-
dara and Richmond, 2002). The authors hypothesized that
the anterior cingulate cortex activity reflects or perhaps
regulates the degree of motivation and/or reward expect-
ancy as the multistage task progresses. A recent study of
event-related brain potentials (ERPs) in human participants
performing a monetary gambling task also suggests that the
anterior cingulate cortex activity is involved in assessing the
motivational impact of the outcome events (Gehring and
Wilbughby, 2002). Taking these data into account, the ac-
tivations of the anterior cingulate cortex in our study seem
to be sequential-context-dependent, reflecting the strength
of subjects’ reward expectancy (and/or motivation) or pre-
monition of penalty.

Lateral prefrontal cortex

On the other hand, the right dorsolateral prefrontal cortex
appears to represent a different context in the human brain.
Many studies indicate that the right dorsolateral prefrontal
cortex is activated during the execution of the Wisconsin
Card Sorting Test (WCST; Milner, 1963, 1971; Berman et
al., 1995; Nagahama et al., 1996; Meyer-Lindenberg et al.,
2002). The WCST is the standard task paradigm for detect-
ing human frontal lobe dysfunction. The WCST has been
used to assess the ability to shift a cognitive set from one
perceptual attribute of a complex visual stimulus to another
(i.e., set-shifting ability). For example, after a prescribed
number of successive correct responses to one dimension
(e.g., color), the previously irrelevant dimension (i.e.,
shape) becomes relevant and the subject must shift the
sorting criterion to the other one.

In our data, the right dorsolateral prefrontal cortex
showed significant activation in the event of switching be-
tween reward and penalty, such as “a win following four
losses in a row” and “a loss following four wins in a row.”
Essentially, both in our study and in the WCST, subjects are
challenged on switching events. For example, a succession
of wins through a sequence of trials has the effect of pro-
moting the development of an attentional and/or emotional
bias toward the reward-related event. This bias is then
challenged on a loss that requires the subject’s attention
and/or emotion to be directed away form reward-related
event toward the newly penalty-related event and vice versa.

Thus, taking these data into account, the activation of the
right dorsolateral prefrontal cortex may depend on the con-
text in which the nature of event is switched from one to

another. In other words, this region may be a critical area in
higher-order shifting of attention and/or emotion between
different conceptual categories of abstract values. This pro-
posal is consistent with the result in previous studies that the
right dorsolateral prefrontal cortex is associated with unpre-
dictability and surprise violations of the learned association
(Fletcher et al., 2001; Zeki and Marini, 1998; Fink et al.,
1999). This is also consistent with the findings of single-unit
studies of the monkey; that is, neurons in the lateral pre-
frontal cortex are sensitive to the presence or absence of an
expected reward in delayed reaction time tasks (Watanabe,
1990, 1992). Thus, the dorsolateral prefrontal cortex may be
the key region for monitoring an ongoing outcome and
essential for adaptive behavior.

Other related issues

Our study was based on the previous study performed by
Elliott et al. (2000); however, our results are different from
theirs. Elliott et al. examined the differential responses to
wins occurring as a part of a winning streak and the differ-
ential responses to losses occurring as a part of a losing
streak. This is conceptually similar to our results of the W4
� W1 and L4 � L1 subtractions, but our results diverged
from those of Elliot’s. A possible explanation for this di-
vergence is the method of analysis and the design of our
experiment (i.e., the sequence of win or loss events), which
are different from theirs. Elliott and colleagues focused on
the brain activities that were modulated by “how fast the
reward level is changing.” Moreover, they reported that
there were no neural responses associated with a main effect
of winning or losing streak. Thus, the regions they detected
to be responsive to a winning or losing streak were activated
only in contexts in which there was a congruence between
the rate of change and the reward level. On the other hand,
we took a different approach to the analysis, using a more
simple analytical method: we focused on brain activities
that were modulated by how each win or loss event was
repeated, regardless of the current reward level. Note that, to
minimize the effect of this reward level, we designed the
win/loss sequence such that the list of scores at which each
W4 (i.e., four wins in a row) occurs is the same as that of
scores at which each L4 (i.e., four losses in a row) occurs
across the trial. This is why Fig. 1 shows point symmetry.
Furthermore, we set the wining and losing streaks as four
wins in a row and four losses in a row, respectively. This
fixed design is more likely to produce subjects’ feelings
over the winning/losing streaks and enabled us to more
efficiently detect the brain activities associated with these
streaks. In fact, increased neuronal activities were observed
at the anterior cingulate in a single-unit animal study in
which the sequence of reward/no-reward events were fixed
(Shidara and Richmond, 2002). This is consistent with our
results.

Our results are also different from those of another rel-
evant gambling task study carried out by Breiter and col-
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leagues 2001). In their study, increased neural activities
were observed in the nucleus accumbens during the period
of anticipation. In our study, however, no activation was
detected in these regions. This seems to be due to difference
in our experimental design from theirs. First, there was a
variation in the magnitude of each reward/penalty in their
studies as opposed to the consistency in the magnitude of
each reward/penalty was in our study. Second, the phase of
anticipation toward a reward/penalty and the phase of out-
come of a reward/penalty were clearly distinguishable in
their task design. On the other hand, we cannot clearly
distinguish the brain activities associated with the response
to the outcome of a reward/penalty from that associated
with the anticipation of a reward/penalty in our task design.
Because of the consecutive trials, it was not clear when the
anticipation/motivation for a reward/penalty of the next trial
starts to occur in our task. The possibility cannot be denied
that the reaction to the outcome of a reward/penalty and the
anticipation of the next reward/penalty occur together dur-
ing the second part of each trial as shown in Fig. 1. This is
a limitation in our study. For the analyses of our data,
however, the onset of hemodyanamic response function was
at the point when subjects found out whether the outcome
was a win or a loss in each trial. The model was based on
our assumption that the subjects’ emotional reactions start at
that point.

Previous PET studies found that the human orbitofrontal
cortex can be activated by monetary reward (Thut et al.,
1997). A recent fMRI study also demonstrated that an in-
crease in the activity of the medial orbitofrontal cortex is
related to the subjects’ receipt of monetary reward and
deactivation following penalty (O’Doherty et al., 2001).
The authors obtained the converse pattern of activation in
the lateral orbitofrontal cortex (activation following penal-
ties, deactivation following rewards). In our data, however,
no significant activation was observed in the orbitofrontal
cortex in both winning events and losing events. This may
be due to the difference in our experimental design from
theirs. That is, we did not aim to detect brain regions related
to reward or penalty itself, but those regions that are con-
text-dependent in which reward or penalty is received. In
our data, however, the results of comparison between all
wins and all losses (shown in Table 3) demonstrate the
activations in the bilateral ventral striatum, which is con-
sistent with the findings of previous studies (Apicella et al.,
1991; Shidara et al., 1998). Another possible reason is that
susceptibility and distortion artifacts in the orbitofrontal
cortex may have made it difficult to accurately acquire data
for this region.

Clinical implications

Although this is speculative, because our study is not a
clinical study, we would like to consider the possible clin-
ical relevance of our findings in this paragraph. Taking our
results and the results of the previous studies into account,

the medial aspect of the prefrontal cortex and the anterior
cingulate cortex play a fundamental role in generating
and/or regulating appropriate emotional reactions, such as
general (i.e., unrelated to reward/penalty) excitement or
tension, which are necessary for adjusting oneself to new
circumstances. Some clinical studies showed that patients
with major depression show a significant decrease in activ-
ity of the anterior cingulate cortex (Bench et al., 1993) and
hypoperfusion of the anterior cingulate cortex and the me-
dial aspect of the prefrontal cortex (Awata et al., 1998).
Patients with posttraumatic stress disorder (PTSD) exhibit a
lower anterior cingulate cortex activation in response to
disorder-specific stimuli than trauma-exposed normal sub-
jects (Shin et al., 1999). Moreover, patients with major
depression or PTSD show abnormality in subjective expe-
rience of emotion. Markedly diminished interest or plea-
sure, complaint of having no feelings, decreased energy or
motivation are common symptoms of depression, while
anxiety, intrusive memories of the trauma, and increased
arousal are major symptoms of PTSD (American Psychiat-
ric Association, 2000). Thus, dysfunction of the anterior
cingulate cortex and the prefrontal cortex may lead to fail-
ure in regulating mood and in subjective experience of
emotion. An emotional or behavioral representation might
become inappropriate and result in vulnerability to malad-
justment to a new environment. This could be a possible
explanation for the observation that the onset of a mood
disorder is often induced by both a series of positive life
events and a series of negative life events (Holmes and
Rahe, 1967; Gelder et al., 2001).

Our data regarding the dorsolateral prefrontal cortex may
also have relevance to other mental disoders. Typically,
patients with frontal lobe damage show perseverative or
“stuck in set” errors in the WCST (Milner, 1963), while
schizophrenic patients show a poor performance in the
WCST and reduced frontal activation particularly in the
right dorsolateral prefrontal cortex in comparison with
healthy controls (Riehemann et al., 2001; Wolkin et al.,
1992; Volz et al., 1997). This reduction in activation in the
right dorsolateral prefrontal cortex is not a pure effect of
neuroleptic treatment (Riehemann et al., 2001). These re-
sults suggest that the dysfunction of the right dorsolateral
prefrontal cortex could be related to the tendency of patients
with schizophrenia to show vulnerability to sudden envi-
ronmental changes (Norman and Malla, 1993).

Conclusion

In conclusion, we demonstrated that there exist brain
activities associated with the event-sequence context in
which abstract reward or penalty is received. Our data also
suggest that information regarding this context is dissocia-
bly represented in the human brain, regardless of the nature
of event (i.e., reward-related or penalty-related). The ante-
rior cingulate cortex, the medial aspect of the prefrontal
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cortex, and the right dorsolateral prefrontal cortex appear to
have an important role in these context-dependent activities.
Taking the relevant findings about the function of these
regions into account, these context-dependent activities are
crucial to adapting oneself to new circumstances and may
account for the clinical symptoms of various mental ill-
nesses in which dysfunction of these regions has been re-
ported.
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