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Abstract: Damasio proposes in his somatic marker theory that not only cognitive but also affective
components are critical for decision making. Since affective judgment requires an interplay between
affective and cognitive components, it might be considered a key process in decision making that has been
linked to neural activity in ventromedial prefrontal cortex (VMPFC). Using functional magnetic resonance
imaging (fMRI), we examined the relationship between VMPFC, emotionally (unexpected)- and cogni-
tively (expected)-accentuated affective judgment, and beneficial decision making (Iowa Gambling Task;
IGT) in healthy subjects. Neuronal activity in the VMPFC during unexpected affective judgment signif-
icantly correlated with both global and final performance in the IGT task. These findings suggest that the
degree to which subjects recruit the VMPFC during affective judgment is related to beneficial performance
in decision making in gambling. Hum Brain Mapp 27:572–587, 2006. © 2005 Wiley-Liss, Inc.
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INTRODUCTION

One of the most persistent challenges of daily life is to
make decisions about courses of action. Central to decision
making is the distinction between high- and low-risk deci-
sions, e.g., about financial matters. High-risk decisions im-
ply the chance of great reward but also high risk to lose. By
contrast, low-risk decisions are accompanied by lower re-
ward though with less risk to lose. Despite the smaller
short-term gain, low-risk decisions may lead to better long-
term payoff. The ability to distinguish between financial
high- and low-risk decisions and the learning effect based on
the experience of losses over time can be tested in a labora-
tory setting using decision making tasks such as the Iowa
Gambling Task [IGT; Bechera et al., 1994, 1999].

Investigation of such tasks in patients with brain lesions
suggests involvement of the ventromedial prefrontal cortex
(VMPFC) in beneficial decision-making [Bechara, 2004;
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Clark et al., 2004; Damasio, 2004; Damasio et al., 2000; Rog-
ers et al., 2004; Rolls, 1999, 2000]. With regard to decision-
making, patients with lesions especially in the right VMPFC
remain unable to develop affective reactions with appropri-
ate affective judgment [Bolla et al., 2003; Clark et al., 2003;
Hornak et al., 2003; Manes et al., 2002; Sanfey et al., 2003;
Tranel et al., 2002; but see Adinoff et al., 2003]. This is
reflected clinically in their preference for high-risk behavior
with financial decisions that quickly squander monetary
resources. Correspondingly, these patients show bad IGT
performance with predominant selection of high-risk cards
and absence of learning effect over time [Bolla et al., 2003;
Clark et al., 2003; Hornak et al., 2003; Manes et al., 2002;
Sanfey et al., 2003; Tranel et al., 2002]. The close relationship
between VMPFC and decision making is underlined further
by imaging studies in healthy subjects showing signal
changes in the VMPFC while carrying out the IGT [Akitsuki
et al., 2003; Bolla et al., 2003; Elliot et al., 1999; Patterson et
al., 2002]. Finally, various psychiatric disorders with possi-
ble VMPFC involvement can be characterized by poor deci-
sion-making. For example, bad IGT performance has been
demonstrated in patients with obsessive-compulsive disor-
der [Cavallaro et al., 2003], catatonia [Bark et al., 2005],
pathological gambling [Cavedini et al., 2002], impulsive per-
sonality disorder, and substance abuse [Adinoff et al., 2003;
Bechara et al., 2001; Bolla et al., 2003].

Decision making like that in the IGT presupposes the
theory of somatic markers as developed by Damasio [1994].
This theory of somatic markers argues that optimal decision
making is not simply the result of rationally, cognitively
calculated categorization of gains and losses but is also
based on good or bad affective reactions and emotionally
guided evaluation [see also Bechara, 2004]. Decision-making
might be influenced by a variety of cognitive and affective
components including rational categorization and emotional
reactions. These two components are paradigmatically re-
flected in affective judgment, which consists of emotional
stimulation (inducing emotional reactions) and evaluation
(requiring rational categorization). Affective judgment sub-
sequently might be related to decision making.

Although the involvement of the VMPFC and affective
judgment are suggested strongly by lesion studies and psy-
chiatric patients (see above and Bechara [2004]), affective
and cognitive modulation of our ability to make decisions
has not yet been demonstrated in healthy subjects. The
present study therefore examined the relationship between
affective judgment, decision-making, and ventromedial pre-
frontal function in healthy subjects. Specifically, using func-
tional magnetic resonance imagine (fMRI), we investigated
neuronal activity in the VMPFC during an affective judg-
ment task of emotional pictures and correlated it with IGT
performance. Because our focus was on the effects of judg-
ment rather than on emotions by themselves, as induced by
emotional pictures, our control condition included mere
emotional picture viewing without any judgment picture
viewing as nonjudgmental control condition (rather than
judgment about neutral pictures).

In addition to mere affective judgment, we incorporated a
judgment expectancy period to shift the accent from the
affective component (emotional experience and reactions) to
the cognitive component (rational categorization). Although
a multidimensional construct [Ploghaus et al., 2003], judg-
ment expectancy accentuates the cognitive component by
focusing and redirecting attention on the subsequent cate-
gorization and evaluation. Accordingly, affective judgment
remained either unexpected, emphasizing the affective com-
ponent, or was preceded by an expectancy period accentu-
ating cognitive–attentional demands. This allowed us to
explore the role of affective and cognitive–attentional com-
ponents of affective judgment in relation to decision making.

Comparable to decision making, affective judgment has
been associated with neuronal activity in the VMPFC [Gus-
nard et al., 2001; Northoff and Bermpohl, 2004]. Our findings
contribute to these results by demonstrating that VMPFC
signal changes during affective judgment specifically corre-
late with both global and final IGT performance. Moreover,
we demonstrated that preceding cognitive–attentional mod-
ulation reverses signal increases into signal decreases in the
VMPFC during affective judgment resulting in a differential
correlation pattern with IGT. Accordingly, our results sug-
gest that recruitment of the VMPFC during affective judg-
ment is related to beneficial decision making in gambling.
However, the exact nature of affective and cognitive pro-
cesses mediating between affective judgment and beneficial
decision making remains to be explored.

SUBJECTS AND METHODS

Subjects

We studied 14 healthy subjects (7 women, 7 men; average
age, 28.7 years; age range, 19–34 years) without any psychi-
atric, neurologic, or medical disease. All were right-handed
as assessed by the Edinburgh Inventory for Handedness
[Oldfield, 1971]. After detailed explanation of the study
design and potential risks, all subjects gave written in-
formed consent.

Paradigm

Subjects were asked to view photographs taken from the
International Affective Picture System [IAPS; Center for Re-
search in Psychophysiology, 1999]. Negative (valence: 1–3)
and positive (valence: 7–9) pictures were presented for a
duration of 4 s. Picture sets were counterbalanced across
subjects as well as within each subject according to the two
categories, positive and negative. In 50% of the events sub-
jects had to judge the pictures as to whether they were
positive or negative (“judgment”; see Fig. 1). This was indi-
cated by the letters P/N in one of the four corners of the
photograph. In the other 50% of the events (control condi-
tion), subjects were asked to passively view the pictures
(letters A/A in the corner). The response was given by
button pressing. This condition includes emotional stimula-
tion without any judgment (picture viewing) and served to
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control for judgment but not for emotions. We included such
picture viewing of emotional pictures as a nonjudgmental
control condition (however, an implicit judgment cannot be
excluded; see methodological limitations) because our focus
was on the effects of judgment rather than on those of
emotions. We therefore did not include a nonemotional
condition as control such as a nonemotional, i.e., neutral
judgment, which was the focus of a previous study
[Northoff et al., 2004].

In the judgment condition, a right button press was re-
quired for positive pictures, whereas the left button was
pressed for negative pictures. In the control condition (pic-
ture viewing), an arbitrary button press without any judg-
ment was required to control for movement effects. Reaction
times and judgments were measured.

In both judgment and picture-viewing conditions, half of
the events were started with an expectancy period (8–11.5 s)
indicating the type of the task associated with the subse-
quently presented picture. Following Kastner et al. [1999; see
also Driver and Frith, 2000 for review as well as Sakai and
Passingham, 2003 for the effects of prior information], the
expectancy period was indicated by presentation of a white
fixation cross on a dark background and a letter in one of the
four corners of the picture. The letter J indicated expectancy

of a subsequent judgment task, whereas the letter E was
associated with expectancy of subsequent picture viewing
(“experience”). Our paradigm did not include an ambiguous
expectancy cue, which would have signaled an affective
judgment and picture viewing at the same time. Such an
ambiguous condition would have allowed the elimination of
unspecific expectancy effects present in the comparison be-
tween expected and unexpected condition. We did not
choose such ambiguous expectancy to control for expected
conditions because there are indications that ambiguous
cues induce effects similar to unambiguous cues [Buchel and
Dolan, 2000]. Moreover, given our valence-unspecific emo-
tional expectancy cues (subjects did not know during ex-
pectancy whether a positive or negative picture was subse-
quently presented) and our control condition consisting of
affective judgment without preceding expectancy, we re-
frained from such ambiguous expectancy cues. The inclu-
sion of ambiguous cues would have created a setting where
the predictive value of the emotional expectancy cue would
have differed insufficiently only from that of the fixation
cross indicating the resting period. To investigate the effects
of cognitive modulation on affective judgment, we therefore
compared expected and unexpected affective judgment.

Figure 1.
Activation paradigm for affective judgment with and without ex-
pectancy. A: Main conditions and control conditions. Affective
judgment: judgment (positive/negative; P/N) of emotional pictures
taken from the International Affective Picture System (IAPS) for a
duration of 4 s. Response was given by button click. Affective
judgment with expectancy: presentation and judgment of emo-
tional picture were preceded by an expectancy period of 8–11.5 s
(8.0, 8.5, 9.0, 9.5, 10.0, 10.5, 11.0, and 11.5 s). Fixation cross:
presentation of a fixation cross for variable durations (6.0, 6.5, 7.0,
7.5, and 8.0 s), which served as baseline. Picture viewing: viewing
of emotional pictures (A/B) taken from the IAPS for a duration of

4 s. Response was given by arbitrary button click. Picture viewing
with expectancy: presentation and viewing of emotional picture
were preceded by an expectancy period of 8–11.5 s (8.0, 8.5, 9.0,
9.5, 10.0, 10.5, 11.0, and 11.5 s). B: Affective judgment with and
without preceding expectancy. The two main conditions affective
judgment with and without preceding expectancy are schemati-
cally illustrated on a time scale. The single trials of both main
conditions were randomly interspersed with trials from both
control conditions, picture viewing with and without expectancy.
[Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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After the picture presentation, a fixation cross (intertrial
interval) was presented for 6–8 s (6.0, 6.5, 7.0, 7.5, and 8.0 s).
This allowed the subjects to recover from emotional stimu-
lation and served as a baseline condition to distinguish
between activation and deactivation [Stark and Squire,
2001]. The baseline duration was varied randomly account-
ing for variable stimulus onset asynchrony. In total, 240
trials were presented in eight runs. The different types of
IAPS pictures and judgment tasks were pseudorandomized
within and across the eight runs as well as among each
other. Prior to the experimental session, subjects were famil-
iarized with the paradigm by completing a test run with 20
trials.

During fMRI pictures were projected automatically via a
computer and a forward projection system on a screen
placed at the end of the subject’s gurney. Subjects lay supine
in the scanner and viewed the screen through a mirror
positioned on the head coil. Subjects were asked to keep
their eyes open and fixate the middle of the screen in front of
them. They were asked not to move finger, head, or body
during the judgment tasks with the exception of the button
press for the response.

Behavioral Monitoring

We measured reaction times, which were defined as the
time between the onset of the picture screen (IAPS photo-
graph) and the subsequent button press. Reaction time was
calculated separately for affective judgment with and with-
out a preceding expectancy period. Average reaction times
were compared using paired t-tests. Response accuracy was
also calculated for the two conditions.

Following the fMRI session, a surprise recognition task
was carried out. In addition, the level of attention (intensity)
and the valence of the emotional pictures were assessed on
a visual analogue scale ranging from 1 to 9. Results of these
tests will be reported in a separate article.

The psychological state before and after the fMRI investi-
gation was assessed with the State Trait Anxiety Inventory
(STAI).

Scanning Procedures

Measurements were performed on a Philips Intera 3-T
whole-body MR unit equipped with a transmit-receive body
coil and a commercial eight-element head coil array (MRI
Devices Corporation, Waukesha WI). A sensitivity-encoded
single-shot echo-planar sequence (SENSE-sshEPI) was used
for fMRI acquisition [Preibisch et al., 2003]. The following
acquisition parameters were used in the fMRI protocol: echo
time (TE) � 35 ms, field of view (FOV) � 22 cm, acquisition
matrix � 80 � 80, interpolated to 128 � 128, voxel size 2.75
� 2.75 � 4 mm

3
, and SENSE acceleration factor R � 2.0.

Using a midsagittal scout image, 32 contiguous axial slices
were placed along the anterior–posterior commissure (AC–
PC) plane covering the entire brain in less than 3 s (repeti-
tion time [TR] � 3,000 ms, � � 82 degrees). The first three
acquisitions were discarded due to T1-saturation effects. A

3-D T1-weighted anatomical scan was obtained for struc-
tural reference.

Image Analysis

Image processing and statistical analyses were carried out
using MATLAB v. 5.3 (The Mathworks Inc., Natick, MA) and
SPM99 (SPM; Wellcome Department of Imaging Neuro-
science, London, UK; online at http://www.fil.ion.u-
cl.ac.uk) [Friston et al., 1995]. The procedure is summarized
below; cited articles provide more complete mathematical
detail. To correct for head movement between scans, 1,276
volume images were realigned to the first image, mean-
adjusted by proportional scaling, resliced, and normalized
into standard stereotactic space. This spatial transformation
includes both linear and nonlinear components and uses a
nonlinear sampling algorithm [Friston et al., 1995]. Data
were thereafter expressed in terms of standard stereotactic
coordinates in the x-, y-, and z-axes. The resulting voxel size
in standard stereotactic space was 2 � 2 � 2 mm. Trans-
formed functional data sets from each subject were
smoothed with a Gaussian kernel of 8 mm (full-width half-
maximum) for the group analysis to meet the statistical
requirements of the general linear model and to compensate
for normal variation in individual brain size, shape, and
sulcal/gyral anatomy across subjects.

Subject-specific low-frequency drifts in signal were re-
moved by a high-pass filter of 132 s. For each subject, we
defined a design matrix modeling unexpected and expected
affective judgment as well as unexpected and expected pic-
ture viewing as separate events. To avoid carryover effects
from the preceding picture period, the first 3 s of each
baseline was discarded. We then modeled the variable du-
ration (3.0, 3.5, 4.0, 4.5, and 5.0 s) of the baseline, making
explicit use of variable intervals in the data analysis [Sakai
and Passingham, 2003]. Additionally, for each experimental
run, we included six parameters obtained from the realign-
ment procedure as regressors in the design matrix. These
regressors consisted of differential parameters describing
rotation and translation of the subject’s head during the
experiment. After estimation of all model parameters, spe-
cific effects were tested by applying appropriate linear con-
trasts to the parameter estimates for each condition, result-
ing in a t-statistic for each voxel.

For the fMRI data group analysis, the contrast images
from the analysis of the individual subjects were analyzed
by one-sample t-tests, thereby generating a random-effects
model, allowing inference to the general population. Data
were analyzed with respect to affective judgment and the
effects of preceding expectancy on subsequent affective
judgment. In the first step, we compared unexpected affec-
tive judgment to unexpected picture viewing and baseline,
respectively, to reveal and signal changes (see below for
further explanation of the differentiation between and signal
changes) related specifically to the judgment of one’s own
emotion. Affective judgement in the expected and unex-
pected condition were compared to reveal the effect of the
preceding expectancy period on the modulation of affective
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judgement. In a third step, both unexpected and expected
affective judgment were compared with baseline, respec-
tively [Gusnard and Raichle, 2001; Northoff et al., 2004;
Raichle et al., 2001]. This allowed for differentiation between
“relative” signal changes (between conditions) and “true”
signal changes (referring to baseline). Due to our focus on
the ventral prefrontal cortex, we set the significance level to
Z � 3.26 (P � 0.001 uncorrected, voxel level, extent thresh-
old k � 5 voxels) thereby achieving a high level of sensitivity
for detection of signal increases and decreases in this region
[Editorial, 2001; Gusnard et al., 2001; Gusnard and Raichle,
2001; O’Doherty et al., 2001]. The anatomic localization of
local maxima was assessed by reference to the MNI brain as
provided by SPM. The stereotactic coordinates of the voxels
of local maximum significant activation were determined
within regions of significant activity change. A particular
focus was put on the VMPFC. The VMPFC covers the ven-
tral part of the superior and medial frontal gyrus including
the frontal pole [Ongur et al., 1998; Rajowska and Goldman-
Rakic, 1995]. Laterally, it borders on the lateral prefrontal
cortex (LPFC), which covers the ventral and dorsal parts of
the inferior and middle frontal gyrus.

To quantify the activity in the VMPFC as the region of
interest (ROI) we used MRIcro (www.psychology.nottingham-
.ac.uk), which allows one to draw 3-D ROIs and calculate the
mean t-value within the ROI. An anatomical image (single-
_subj_T1; provided by SPM) was overlaid with the SPM(T) of
the group analysis for the contrast of interest (height threshold
t � 3.85–5.99, corresponding to P � 0.001 uncorrected). The
VMPFC as ROI was functionally defined from clusters that
survived the thresholding criteria. On a subject-by-subject ba-
sis, mean t-values were extracted from the VMPFC as ROI for
each experimental condition to baseline.

In a fourth step, we carried out correlation analysis be-
tween fMRI signals and scores of global IGT performance.
The contrast images from the analysis of the individual
subjects were analyzed by using the respective individual’s
global IGT score as regressor using simple regression anal-
ysis in SPM. A random-effects model was generated, allow-
ing inference to the general population. For all significant
results, i.e., correlating regions, the r-value was calculated
separately in a second step using Spearman correlation anal-
ysis. Here, the mean t-values of the significantly correlating
(in SPM regression analysis) region, as obtained with MRIcro
(see above), were correlated with overall global, initial
global, and final global IGT scores using Spearman correla-
tion analysis. In a fifth step, we compared high-IGT per-
formers with low-IGT performers in the above mentioned
baseline contrasts. Data was analyzed with a two-sample
t-test (using the “Basic Models” module of SPM). Finally,
correlation analysis as described above (in fourth step) was
carried out separately for global initial (block 1) and global
final (block 4) IGT scores.

Iowa Gambling Test

We used a computerized version of the IGT [Bechara,
2004] that requires 100 selections from four decks of cards

that are identical in appearance. The subjects are told that
the goal of the task is to maximize profit and are given a
$2,000 loan of play money. After selecting a card, a message
is displayed on the screen indicating the amount of money
the subject has won or lost. Gains and losses are different for
each card selected from the four decks. Decks A and B are
“disadvantageous.” Although these decks pay around $100,
their penalty amounts are even higher so that they cost more
in the long run and result in an overall loss. In Deck A,
punishment is more frequent but of smaller magnitude than
that in Deck B.

Decks C and D, in contrast, are “advantageous.” Although
these decks only pay around $50, their penalty amounts are
lower so that they are associated with an overall gain in the
long run. In Deck C, punishment is more frequent but of
smaller magnitude than that in Deck D. In short, Decks A
and B can be regarded as high-risk decks whereas decks C
and D can rather be considered as low-risk decks. By choos-
ing exclusively from the low-risk Decks C and D, a subject
can make an overall gain above the original loan of $2,000. In
contrast, there is an overall loss associated with choosing
primarily from the high-risk Decks A and B.

The following analyses were made. First, the difference
between the total number of disadvantageous (A and B) and
advantageous (C and D) cards selected was calculated. This
global score ([C � D] � [A � B]) indicates the overall or
general level of performance in the IGT. This score allowed
us to classify the strategy of a subject with regard to how
much risk a subject decided to take. Second, the total of 100
cards selected was subdivided into four blocks of 25 cards
each. The number of cards selected from the disadvanta-
geous (A and B) and advantageous (C and D) decks was
counted and compared for the first, i.e., initial ([C1 � D1] �
[A1 � B1]) and the last, i.e., final block ([C4 � D4] �
[A4�B4]), using paired t-tests [Bechara et al., 1999]. This
score allowed to us distinguish between random and delib-
erate decision-making performance. Third, to distinguish
between high- and low-performers in the IGT, we defined a
global score of 20 points as a cut-off for distinguishing
between high and low performers. Subjects who had a
global score below 20 were considered low performers
(eight subjects) whereas those who had a score above 20
were considered high performers (six subjects).

RESULTS

Behavioral Results

Reaction time

There was no significant difference in reaction times be-
tween expected judgments (mean � standard deviation
[SD], 1,448 � 717 ms) and unexpected judgments (mean
� SD, 1,393 � 720 ms; P � 0.386).

Response accuracy

The response accuracy of picture judgment was not mod-
ulated by expectancy. The error rate did not differ signifi-
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cantly between expected judgments (correct: 88%; wrong:
11.5%) and judgments without preceding expectancy (cor-
rect: 90.65%; wrong: 9.38%; P � 0.309 for correct responses;
P � 0.112 for false responses).

Psychological state

The psychological state before and after the fMRI investi-
gation as assessed with the STAI. This test showed no sig-
nificant differences in paired t-tests between the two time
points.

Performance in IGT

A paired t-test showed significant differences between
initial and final choices in the IGT. Although in the begin-
ning (block 1) subjects mainly chose cards from the disad-
vantageous Decks A and B (mean � SD A/B score 15.87
� 3.52; mean � SD C/D score 9.14 � 3.52), over time a
learning effect occurred. In the last block (block 4), subjects
mainly chose cards from the advantageous Decks C and D
(mean � SD A/B score 7.85 � 6.16; mean � SD C/D score
17.14 � 6.16). Accordingly, our subjects showed the typical
pattern with decreases in high risk cards (AB) and increases
in low risk cards (CD) over time (see also Table I).

Functional MRI Results

Influence of expectancy on ventral prefrontal cortical
function during affective judgment

Unexpected affective judgment induced signal increases
in various areas including dorsal and ventral prefrontal
cortical regions when compared to unexpected picture view-
ing and baseline [Grimm et al., 2005].

Affective judgment without expectancy showed signal
changes in VMPFC when compared to affective judgment
with expectancy (see Fig. 2). Both conditions were compared
to baseline to differentiate between signal increases and
decreases. The VMPFC showed signal increases in the com-
parison between affective judgment without expectancy and
baseline (above baseline). In addition, signal decreases in
VMPFC were observed in the comparison between affective
judgment with expectancy and baseline (below baseline).

Signal changes in other regions included lateral and me-
dial occipital cortex, left lateral prefrontal cortex, left poste-

rior cingulate, and precuneus (see also Fig. 2). For neither
signal increases nor signal decreases could we find any
significant gender difference in any of the reported regions.
The following correlations thus illustrate the results for the
whole group independently of gender.

Ventromedial prefrontal cortex and global IGT
performance

Because our a priori hypothesis concerned the relation-
ship between affective judgment, VMPFC, and beneficial
decision making, we focused our analysis on correlating
VMPFC involvement during affective judgment and IGT
performance. Correlation with baseline contrasts allowed us
to assess each condition separately. We therefore focus on
correlation results with global (and initial and final; see
below) IGT performance for affective judgment without and
with expectancy as compared to baseline, respectively. To
control for the specificity of our findings, we also correlated
picture viewing as compared to baseline with global IGT
performance. Because we did not obtain any significant
correlation, we did not pursue further correlation analysis
for picture viewing.

VMPFC signal changes during affective judgment without
expectancy (versus baseline) showed a positive correlation
with global IGT performance. This correlation concerned
predominantly signal increases in the right VMPFC: The
more signal increases were observed in the VMPFC during
affective judgment without expectancy, the better was the
subject’s performance in the IGT (Fig. 3; Table II).

VMPFC signal changes during affective judgment with
expectancy (vs. baseline) also showed positive correlation
with the global IGT performance. In contrast to affective
judgment without expectancy (see above), this correlation
predominantly concerned signal decreases in the right
VMPFC: The more signal decreases were observed in the
VMPFC during affective judgment with expectancy, the
worse was the subject’s performance in the IGT (Fig. 3; Table
II). In addition to the VMPFC, the dorsomedial prefrontal
cortex (DMPFC) showed a positive correlation with signal
changes during affective judgment with expectancy. Similar
to the right VMPFC (see above), this positive correlation
predominantly concerned signal decreases in the right
DMPFC: the more signal decreases were observed in the

TABLE I. Selection of high- and low-risk cards in time course during the Iowa Gambling Task

Block A B C D A/B C/D

1 4.21 � 1.67 10.42 � 4.27 4.00 � 3.34 4.35 � 2.76 15.87 � 3.52 9.14 � 3.52
2 4.92 � 4.17 4.42 � 4.43 4.00 � 3.11 9.71 � 7.31 8.14 � 5.00 16.85 � 5.00
3 2.92 � 2.20 5.35 � 3.49 3.28 � 2.64 12 � 6.52 6.57 � 4.97 18.42 � 4.97
4 3.14 � 3.65 6.42 � 5.04a 7.50 � 6.80 12.78 � 7.84a 7.85 � 6.16a 17.14 � 6.16a

Values (mean � SD) represent the values of selected high- (A/B) and low-risk (C/D) cards within the time course (i.e.,
during the time blocks 1,2, 3, and 4) during the Iowa Gambling Task. Note the significant difference between initial
and final cards. This leads to reversal in relationship of high- and low-risk cards between initial and final time period
that reflects the learning effect during time course of the Iowa Gambling Task.
a P � 0.05 (corrected), significant difference between first (1) and last (4) block.
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DMPFC during affective judgment with expectancy, the
worse was the performance of a subject in the IGT (Fig. 3;
Table II). Moreover, the same condition correlated positively
with predominant signal increases in the right lateral pre-
frontal cortex (LPFC): the more signal increases were mea-
sured in the right LPFC during affective judgment with
expectancy, the better was the subject’s IGT performance
(Fig. 2; Table II).

To distinguish effects of affective judgment from those in
the prejudgment phase, we analyzed prefrontal cortical sig-
nal changes observed during the preceding expectancy pe-
riod. This period induced signal increases in the supracal-
losal anterior cingulate cortex (x � �3, y � 11, z � 33; Z
� 2.99) and supplementary motor area (SMA, including
pre-SMA; x � 5, y � 7, z � 53; Z � 3.52) when compared to
baseline. We then correlated these signal changes to global
IGT performance and did not obtain any significant corre-
lation. Accordingly, we did not observe any signal changes
or any correlation in VMPFC, DMPFC, or LPFC for the
expectancy period preceding affective judgment. Finally, to
exclude effects of the preceding baseline in unexpected af-
fective judgment, we correlated the last 6 s of the baseline
preceding unexpected affective judgment with global IGT

performance. Again, we did not observe any significant
correlation.

Ventromedial prefrontal cortex and high- versus low-
IGT performance

To explore further the relation between signal changes in
the VMPFC during affective judgment and IGT perfor-
mance, we divided our study group into two subgroups
according to their global IGT performance. First, we com-
pared high- and low-IGT performers with respect to initial
cards to exclude preexisting (learning-independent) differ-
ences; neither group differed significantly in the number of
initially selected high- and low-risk cards. Second, we then
compared the fMRI baseline results between high- and low-
IGT performers. High-IGT performers showed significantly
more signal increases in the (right) VMPFC (x � 6.00, y
� 58.00, z � 20.00; Z � 3.42) during affective judgment
without expectancy than did low-IGT performers (Fig. 4a).
In addition to that in the VMPFC, high-IGT performers
showed significantly more signal increases in the right LPFC
during affective judgment with expectancy (x � 38.00, y

Figure 2.
Comparison between affective judgment without and with ex-
pectancy. Signal changes in the contrast affective judgment
without expectancy � affective judgment with expectancy are
demonstrated in the images on the left side. Signal increases are
observed in the ventromedial prefrontal cortex (VMPFC; x � 0,
y � 54, z � 8; Z � 3.73) and the precuneus (x � �8, y � �54,
z � 28; Z � 3.26) during unexpected affective judgment com-
pared to expected affective judgment. MNI coordinates given
by x, y, z (in mm). All sagittal images represent the right
hemisphere. Bars in the figure on the right side represent the
mean t-values in VMPFC calculated for each of the two main
conditions to baseline. The region of interest (ROI) was drawn

based on the contrast “affective judgment without expectancy
� affective judgment with expectancy.” Accordingly, the ROI
precisely reflect the blood oxygenation level-dependent
(BOLD) signals depicted in the images on the left. Signal in-
creases in VMPFC during affective judgment without expect-
ancy are reversed to signal decreases (as compared to baseline)
when the affective judgment is preceded by an expectancy
period. This functional mechanism might be called modula-
tion by reversal, which is schematically illustrated in Figure 6
in relation to high- and low-risk behavior. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]
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Figure 3.
Correlation between signal changes during affective judgment and global score in Iowa Gambling Task (IGT). The left row shows SPM images resulting
from regression between signal changes during affective judgment and global IGT scores. Because we wanted to demonstrate correlation effects for
affective judgment without and with expectancy separately, we correlated the respective baseline contrasts with IGT scores. Baseline contrasts refer
to affective judgment without expectancy versus baseline and affective judgment with expectancy versus baseline. Exact coordinates of correlating
regions are described in Table II. The right row shows the respective curves resulting from correlation between mean t-values in the respective region
of interest (ROI) and global IGT scores using Spearman correlation analysis. Quadrats in scatterplots represent relation between t-values, as obtained
in functional magnetic resonance imaging (fMRI) in the respective contrast, and global IGT scores in single subjects. Positive t-values describe signal
increases whereas negative t-values reflect signal decreases. Correlation coefficient and P values are presented below. Correlation of affective judgment
without expectancy with IGT scores concerned predominantly signal increases in ventromedial prefrontal cortex (VMPFC). In contrast, correlation
of affective judgment with expectancy with IGT scores concerned predominantly signal decreases in VMPFC and dorsomedial prefrontal cortex
(DMPFC) and partially signal increases in right lateral prefrontal cortex (LPFC). Only regions with Z � 3.26 (P � 0.001 uncorrected, voxel level; P
� 0.05 corrected, cluster level) are described. All images shown represent group average. In fMRI images, areas of significant signal changes are shown
as through projections onto representations of standard stereotaxic space in sagittal, coronal, and transverse projections. fMRI images represent
results of group analyses for simple regression (global IGT score as regressor) depicted on standard MNI brain. All sagittal images represent the right
hemisphere. Voxels shown in fMRI correlation images (simple regression), as shown on the left side, served for calculation of Spearman correlation
represented in scatterplots on the right. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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� 42.00, z � 28.00; Z � 4.53) than did low-IGT performers
(not shown).

In contrast, low-IGT performers showed significantly
more signal decreases in the (right) VMPFC (x � 14.00, y
� 66.00, z � 8.00; Z � 3.35) and posterior cingulate (x � 7,
y � �25, z � 36; Z � 3.32) during affective judgment with
expectancy than did high-IGT performers (Fig.ure 4b).

Ventromedial prefrontal cortex and initial versus final
IGT performance

To account for the learning effect over the course of the
IGT, we separately correlated signal changes in the VMPFC
with initial and final global IGT scores. Initial IGT perfor-
mance did not correlate in any brain region with neuronal
activity during unexpected affective judgment (Fig. 5a; Ta-
ble II). In contrast, final IGT performance showed a positive
correlation with signal changes (predominantly signal in-
creases when compared to baseline) related to unexpected
affective judgment (Fig. 5a; Table II).

An analogous correlation pattern was observed in the case
of affective judgment with expectancy. For this condition,
initial IGT performance did not correlate with neuronal
activity in any brain region (Fig. 5b; Table II). In contrast,
signal changes during affective judgment with expectancy
correlated significantly with final IGT performance in the
VMPFC. However, unlike that in affective judgment without
expectancy this correlation concerned predominantly signal
decreases (Fig. 5b; Table II). Moreover, unlike that in affec-
tive judgment without expectancy, other regions showed
also significant correlations in affective judgment with ex-
pectancy including signal increases in the right VLPFC and
signal decreases in the DMPFC (Table II). Finally, we also
correlated the difference between initial and final IGT score
with signal changes during affective judgment. We observed
significant correlation of initial–final IGT difference with
signal increases in VMPFC (x � 2, y � 56, z � 3; Z � 3.52;
r � 0.65, P � 0.001) during unexpected affective judgment.
In addition, initial–final IGT difference significantly corre-
lated with signal decreases in VMPFC (x � 3, y � 53, z � 4;
Z � 3.35; r � 0.59, P � 0.002) and signal increases in LPFC
(x � 2, y � 56, z � 3; Z � 3.52; r � 0.68, P � 0.001) during
expected affective judgment.

DISCUSSION

The current study considered affective judgments to be
crucial in decision-making. We distinguished between affec-
tive judgment without and with preceding expectancy pe-
riod, i.e., unexpected and expected affective judgment.
Blood oxygenation level-dependent (BOLD) signals related
to these two types of judgment were correlated with IGT
performance to investigate the relevance of VMPFC activity
during affective judgment for beneficial decision-making.
We discuss affective judgments in the VMPFC as key com-
ponent in decision making, its cognitive modulation and its
relation to our ability to learn how to make beneficial deci-
sions (see Fig. 6 for schematic illustration).
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Affective Judgment and Decision Making
In accordance with previous studies [Gusnard et al., 2001;

Northoff et al., 2004], we observed signal increases in the
VMPFC during affective judgment without expectancy.
These signal increases in the VMPFC seem to reflect the
affective component, i.e., to judge the conveyed emotion.
This is supported by recent studies [Gusnard et al., 2001;
Northoff et al., 2004] showing VMPFC signal increases dur-
ing affective judgment when compared to that during non-
affective judgment. Furthermore, many imaging studies re-

veal analogous VMPFC activation in emotional paradigms
that do not involve judgment [Northoff and Bermpohl, 2004;
Phan et al., 2002]. However, because we were unable to
control for the various affective and cognitive components
(like valence, arousal, working memory, etc.) in affective
judgment, our assumption of VMPFC representing the af-
fective component in affective judgment remains speculative
at this point.

Our results suggest that affective judgments, as accounted
for by signal increases in the VMPFC, might be a key process

Figure 4.
Comparison of signal changes during affective judgment between
high- and low-performers in Iowa Gambling Task (IGT). A: Com-
parison between high and low performers in affective judgment
without expectancy. SPM images are shown on the left, the bar
diagrams with the respective mean t-values as obtained in region of
interest (ROI) analysis are demonstrated on the right. High per-
formers show significantly more signal increases in ventromedial
prefrontal cortex (VMPFC) than do low performers during affec-
tive judgment without expectancy. B: Comparison between high
and low performers in affective judgment with expectancy. SPM
images are shown on the left, the bar diagrams with the respective
mean t-values as obtained in ROI analysis are demonstrated on the
right. Low performers show significantly more signal decreases in
VMPFC (more orbitofrontal and thus slightly lower than in A) and

posterior cingulate (not shown in bar diagram) than do low per-
formers during affective judgment with expectancy. Only regions
with Z � 3.26 (P � 0.001 uncorrected, voxel level; P � 0.05
corrected, cluster level) are described. All images shown repre-
sent group average. In functional magnetic resonance imaging
(fMRI), areas of significant signal changes are shown as through
projections onto representations of standard stereotaxic space in
sagittal, coronal, and transverse projections. fMRI images repre-
sent results of group analyses for two-sample t-test depicted on
standard MNI brain. All sagittal images represent the right hemi-
sphere. Voxels shown in fMRI images served for calculation of
t-values as represented in bar diagrams below. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]
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in decision making. More precisely, the more signal in-
creases occur in VMPFC during affective judgment, the bet-
ter subjects are able to perform in the IGT. This is underlined
further and reconfirmed by our finding in high-IGT per-
formers showed more signal increases in the VMPFC than
did low-IGT performers. Subsequently, the amount of signal
increases in the VMPFC during affective judgment might
reflect an affective component and, at the same time, allows
apparently for predicting IGT performance. This comple-
ments and extends previous imaging [Akitsuki et al., 2003;
Bolla et al., 2003; Elliot et al., 1999; Patterson et al., 2002] and
lesion [Clark et al., 2003, 2004; Rogers et al., 2004; Manes et
al., 2002; Sanfrey et al., 2003; Tranel et al., 2002] studies

showing a relationship between predominantly right-hemi-
spheric VMPFC involvement and successful decision-mak-
ing. The present study suggests that this relationship is
mediated by affective judgments. However, one should be
careful in overinterpreting our findings, as they do not in-
dicate causal relationship between affective judgment,
VMPFC, and decision-making. Instead, our results only sug-
gest a correlative relationship between all three components;
this makes further studies with different paradigms, such as
the inclusion of an affective component into a decision task,
necessary.

Our findings are in accordance with Damasio’s somatic
marker theory. Based on lesion studies, this theory postu-

Figure 5.
Correlation between signal changes during affective judgment and
initial and final global scores in Iowa Gambling Task (IGT). The
figure shows the respective curves resulting from correlation
between mean t-values in the respective region of interest (ROI)
and initial and final global IGT scores using Spearman correlation
analysis. Quadrats in scatterplots represent relation between t-
values, as obtained in functional magnetic resonance imaging
(fMRI) in the respective contrast, and global IGT scores in single
subjects. Positive t-values describe signal increases whereas nega-
tive t-values reflect signal decreases. Correlation coefficient and P
values are presented below. Exact coordinates of correlating re-
gions are described in Table II. A: Correlation between affective

judgment without expectancy versus baseline with initial and final
global IGT scores. Correlation of affective judgment without ex-
pectancy versus baseline with initial IGT scores remained nonsig-
nificant whereas it was significant with final IGT scores. Correla-
tion with final IGT scores concerned predominantly signal
increases in ventromedial prefrontal cortex (VMPFC). B: Corre-
lation between affective judgment with expectancy versus baseline
with initial and final global IGT scores. Correlation of affective
judgment with expectancy versus baseline with initial IGT scores
remained nonsignificant whereas it was significant with final IGT
scores. Correlation with final IGT scores concerned predomi-
nantly signal decreases in VMPFC.
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lates that emotional processing in the VMPFC is crucial to
decision making. Lesions in the VMPFC interfere with the
normal processing of somatic markers, leading to impair-
ments in the decision making process. These somatic mark-
ers are supposed to be associated with emotions [Bechars,
2004]. Our results are in accordance with this assumption
because they demonstrate a correlative relationship between
affective judgment, VMPFC signal increases, and perfor-
mance in decision making in healthy subjects. Moreover, our
results specify the nature of emotional processing. Rather
than involving mere emotional picture viewing, successful
decision making seems to presuppose affective judgments.
The following inference might be drawn, although specula-
tively: the higher the neuronal activity present in the
VMPFC, the better subjects can make affective judgments,
and the more beneficial decisions are made. Accordingly,
the amount of neuronal activity in the VMPFC seems to
determine our ability of making affective judgments, which
in turn influences our performance in decision making.

Cognitive Modulation of Affective Judgment and
Decision Making

We incorporated a judgment expectancy period to shift
the accent from the affective component (emotional experi-

ence and reactions) to the cognitive component (rational
categorization) of affective judgment. Although a multidi-
mensional construct [Ploghaus et al., 2003], judgment ex-
pectancy accentuates the cognitive component by focusing
and redirecting attention on the subsequent categorization
and evaluation. This cognitive–attentional accentuation
might account for our observation of the reversal of neuro-
nal activity during expected compared to unexpected affec-
tive judgment: Signal increases in the VMPFC during affec-
tive judgment without expectancy were reversed into signal
decreases by inclusion of the preceding expectancy period,
i.e., during affective judgment with expectancy. Such signal
decreases during cognitive–attentional accentuation are in
accordance with imaging studies that observed signal de-
creases in the VMPFC during cognitive tasks such as noun
generation, object knowledge, and impersonal/personal
word judgment [Mitchell et al., 2002; Simpson et al., 2001].
Analogous VMPFC signal decreases have been obtained in
studies investigating cognitive-affective interaction [Goel
and Dolan, 2003; Northoff et al., 2004]: the stronger affective
involvement is associated with a cognitive task, the less
signal decreases or the more signal increases occur in the
VMPFC. Conversely, the less affective involvement is
present in a cognitive task, the more signal decreases or the

Figure 6.
Schematic illustration of the interrelationship between affective
judgment, cognitive modulation, ventromedial prefrontal cortex
(VMPFC) activity, and decision making performance. Pronounced
emotional engagement in affective judgments is associated with
increased VMPFC activity. At the same time, higher VMPFC activ-
ity is associated with better decision-making performance. One
might therefore conclude that beneficial decision-making depends

on how strong a person involves affective judgments as associated
with VMPFC activation. This figure does not depict specific values
collected in our study but rather illustrates a functional mechanism
underlying decision making, as derived from our results and pre-
vious studies. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]
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less signal increases in the VMPFC have been observed.
Accordingly, cognitive accentuation seems to be associated
with the occurrence of signal decreases in the VMPFC.

Cognitive accentuation is accompanied by down-modula-
tion of the affective component, which in turn seems to
interfere with decision-making. This has been demonstrated
psychologically in a recent study where the absence of af-
fective reactions induced a decline in IGT performance [Hin-
son et al., 2002]. Although our experimental paradigm did
not include a condition with complete absence of affective
reactions, our results might nevertheless contribute by re-
vealing VMPFC signal changes during cognitive–attentional
modulation. During affective judgment with expectancy (see
above), the correlation between VMPFC signals and global
IGT performance predominantly concerned signal de-
creases. The more signal decreases were observed in the
VMPFC during affective judgment with expectancy, the
worse subjects performed in global IGT. Although specula-
tive, the following inference might be drawn: The more
deactivation that can be observed in the VMPFC, the more is
the cognitive component emphasized within the affective
judgment, and the less beneficial decisions are made (see
Fig. 6 for schematic illustration). This is underlined further
and reconfirmed by our finding in low-IGT performers,
which showed significantly more VMPFC signal decreases
than that in high-IGT performers. Accordingly, the amount
of cognitively induced signal decreases in the VMPFC (i.e.,
during affective judgment with expectancy) might allow for
predicting IGT performance. Because our focus was on the
effects of an increased cognitive load rather than on emo-
tions, we did not include a nonemotional, i.e., neutral ex-
pectancy period in our control conditions. However, this
would have been necessary to distinguish between specific
emotional expectancy effects and general expectancy effects,
which will be the subject of future studies.

Our results contribute to the somatic marker hypothesis as
established by Bechara et al. [1994, 1999] and Damasio
[1994]. Although involvement of the VMPFC in decision
making via somatic markers has been established (see
above), modulation of neuronal activity in VMPFC by affec-
tive and cognitive processes remained unclear. Our results
suggest that neural activity in the VMPFC might be related
to modulation of affective and cognitive processes in deci-
sion making via signal increases and decreases, although the
exact nature of affective and cognitive processes remains to
be determined. Occurrence of signal decreases in VMPFC
might be accompanied by suppression of somatic marker
processing. This in turn might deteriorate decision-making,
leading to disadvantageous decisions.

In addition to signal decreases in the VMPFC, signal in-
creases in the right LPFC were also found to be correlated
with global IGT performance. The more signal increases in
the right LPFC during affective judgment with expectancy,
the better subjects perform in IGT. This is supported further
by the comparison between high- and low-IGT performers.
High-IGT performers showed significantly more signal in-
creases in the right LPFC than did low-IGT performers.

Involvement of the right LPFC in decision-making is in
accordance with recent imaging and lesion studies. These
show that changes in the right LPFC are accompanied by
changes in IGT performance [Bolla et al., 2003; Clark et al.,
2003; Manes et al., 2002] but Adinoff et al. [2003] found a
correlation with the left DLPFC.

Psychologically, the right LPFC is often related to atten-
tion and working memory [Wood and Grafman, 2003],
which have also been implicated in decision-making [Hin-
son et al., 2003]. One might consequently speculate that
judgment expectancy includes attentional and working
memory components that in turn are involved in making
beneficial decisions. Our results suggest that signal increases
in the right LPFC might be related to such attentional and
working memory components in decision making. How-
ever, a paradigm varying the attentional or working mem-
ory loads during expectancy in relation to decision making
would be necessary to lend further support to this rather
speculative assumption.

Learning Effect and the VMPFC

In real life, there might be situations where high-risk
behavior is beneficial. However, in the IGT low-risk behav-
ior implies beneficial decision-making. Such low-risk behav-
ior can be permanent, reflecting a personality trait being
either inborn or experienced-based, or transient, accounted
for by a learning process over the course of the task. In our
study, we observed a correlation between high performance
in the global IGT and signal increases in the VMPFC during
affective judgment. This finding in itself leaves open
whether VMPFC signal increases are related to low-risk
behavior as a permanent personality trait or as a result of a
transient learning process.

How can we distinguish between these two? According to
Damasio [1994], beneficial decision making presupposes the
ability to learn which cards are beneficial and which ones are
not, i.e., the learning effect. This is the case in the IGT, for
example, where successful subjects learn to change their
preferred selection of cards, i.e., from initial high- to final
low-risk cards. Because Damasio assumes the VMPFC to be
involved in beneficial decision-making, neuronal activity in
this region should be related to the learning effect. If it is,
neuronal activity in the VMPFC should only correlate with
final but not initial cards in the IGT. Low-risk behavior
might also be a personality trait that leads subjects to a
constant avoidance of high-risk selections. In this case, sub-
jects would be expected to select low-risk cards even in
initial blocks of the IGT, which should then also correlate
with neuronal activity in the VMPFC.

To distinguish between low-risk behavior as personality
trait and as result of a learning effect, we correlated VMPFC
activity with both initial and final IGT scores as well as with
their difference score. There was no correlation of initial IGT
performance with signal changes in the VMPFC during af-
fective judgment. In contrast, we obtained a significant cor-
relation of final IGT with predominant signal increases in
the VMPFC during affective judgment without expectancy.

� Northoff et al. �

� 584 �



This is supported further by observation of significant cor-
relation of VMPFC signal increases with the difference be-
tween initial and final IGT score.

The fact that signal increases in the VMPFC (during affec-
tive judgment) correlated only with final IGT performance
but not with initial IGT might tentatively suggest that the
correlation effect with VMPFC signal increases might be
related to transient learning rather than being a permanent
personality trait. This is in accordance with our observation
that there was no significant difference between low- and
high-IGT performers in initial cards, which speaks against a
low-risk personality trait. One should be aware that our
study does not really allow us to distinguish between per-
sonality traits and learning effects. To reveal personality
traits, two groups of different persons, high- and low-risk
persons, should be compared in IGT and fMRI. Learning
effects require more complex approaches than does compar-
ing initial and final IGT cards within one performance.

How could affective judgment and the learning effect be
related to each other in beneficial decision making? Accord-
ing to Damasio’s somatic marker theory, the learning effect
might be mediated by somatic markers and the accompany-
ing affective processes. The perception and experience of
autonomic and somatic bodily reactions, as accounted for by
somatic markers, induces emotions that, as a result of a
conditioning process, guide our decisions and thus our be-
havior. Our results suggest a correlative relationship be-
tween potential learning effects, affective judgment, and
neural activity in VMPFC during decision-making. One
might subsequently speculate that affective judgment and
underlying neuronal activity in VMPFC could possibly me-
diate between somatic marker and (potential learning effects
accounting for) beneficial decision-making. However, fur-
ther studies directly linking affective judgment to somatic
marker processing on the one hand and to learning effects in
decision making on the other are necessary to lend support
to this rather speculative assumption.

Methodological Limitation

First, the term affective judgment might describe distinct
aspects of judgment in emotional processing. It might con-
cern the judgment of the emotion conveyed by the IAPS
pictures; this is the meaning that we presuppose. Alterna-
tively, it might describe subjective or personal experience of
emotions, i.e., what is called feeling [Damasio, 1994;
Damasio et al., 2000]. Because the IAPS pictures are unlikely
to induce strong feelings, this alternative meaning should
not be applied in the present study. However, neural activ-
ity in the VMPFC has been related to feelings and emotional
self-awareness and, thus, affective judgment in the alterna-
tive sense [Bar-On et al., 2003].

Second, it may be argued that the task we call picture
viewing has already involved some kind of judgment. The
present paradigm does not allow for excluding the possibil-
ity that subjects carried out (implicit random) judgments,
before the actual explicit judgment instruction was given.
Although the subjects were requested explicitly only to

judge if the judgment instruction was signaled, any kind of
unconscious or preconscious judgment this cannot be ex-
cluded. Accordingly, we might be able to exclude explicit
judgment while the task still comprises implicit unconscious
judgment. Furthermore, our baseline condition consisted of
a fixation cross that might, for example, induce visual and
cognitive processing. Accordingly, our baseline condition
should not be confused with a resting condition.

Third, one might argue that our significant correlations
with IGT performance in VMPFC, DMPFC, and LPFC might
be related to the preceding periods of uncertainty rather
than to affective judgment itself. The baseline period that is
preceding unexpected affective judgment as well as the ex-
pectancy period that is preceding expected affective judg-
ment are characterized by uncertainty [Ploghaus et al., 2003]
since the subjects don’t know what stimuli will appear next
(judgment or picture viewing in unexpected affective judg-
ment; positive or negative judgment in expected affective
judgment). This uncertainty, in turn, might be related to the
ambigious situation during gambling in the IGT.

To account for the preceding periods of uncertainty, we
correlated signal changes during baseline (preceding unex-
pected affective judgment) and expectancy (preceding ex-
pected affective judgment) periods with global IGT perfor-
mance. We here did not obtain nor any significant
correlation in the VMPFC, DMPFC, or LPFC. Therefore, it
seems likely that the detected significant correlations are a
result of the affective judgement itself rather than that of the
preceding periods of uncertainty.

Fourth, the exact psychological origin of the change in
VMPFC–IGT correlation during expected affective judgment
remains open. Our results show significant VMPFC–IGT
correlation only with signal changes during affective judg-
ment but not with those associated with either expectancy or
mere picture viewing. Therefore, the VMPFC–IGT correla-
tion seems to be a result of the affective–cognitive interac-
tion during affective judgement. Introducing a cognitive–
attentional component, we argue that the preceding
expectancy period shifts the balance within affective–cogni-
tive interaction during affective judgment. We assume that
the cognitive–attentional component, as introduced by ex-
pectancy, emphasizes the subjects’ focus (or attention) on
the cognitive–evaluative component within affective–cogni-
tive interaction during affective judgment. Whereas the af-
fective component during affective judgment shifts into the
background resulting in predominance of preparation for
judgment even during emotional picture viewing. Since af-
fective–cognitive interaction during affective judgment
seems to be crucial VMPFC–IGT correlation, any changes in
the mentioned interaction should also lead to an altered
correlation pattern. This is exactly what we observed and is
thus in accordance with our hypothesis.

Further experiments with distinct cognitive loads and iso-
lation of different components in the expectancy period are
necessary to lend further support to our hypothesis. This
would allow to investigate the impact of both distinct cog-
nitive loads and different noncognitive (emotion, motiva-
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tion, etc.) components in the expectancy period on the affec-
tive judgment period and subsequently on VMPFC–IGT
correlation.

Fifth, one needs to distinguish between distinct aspects of
decision-making. The emerging field of neuroeconomics dis-
tinguishes between subjective utility describing preferences
as subjective properties of the chooser and strategic thinking
when confronted with an intelligent opponent [Glimcher
and Rustichini, 2004; Ju, 2005; Mandler, 2005]. Unfortu-
nately, we were unable to exactly distinguish between these
two components of decision-making. One might speculate
that they might be related to neural activity in distinct
regions. For example, subjective utility represents the value
of future decisions, which might be linked to neural activity
in VMPFC. Although our and other results support a close
relationship between affective value and decision value [Be-
chara, 2004; McClure et al., 2004], their exact relationship
remains unclear. In contrast, strategic thinking requiring
working memory, categorization, and other executive func-
tions might rather be associated with neural activity in lat-
eral prefrontal cortex. Although we obtained some signifi-
cant correlation of IGT scores with signal changes in lateral
prefrontal cortex, the exact psychological mechanisms re-
main to be explored.
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