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Abstract: We used emotional expectancy to study attentional modulation in the processing of emotional
stimuli. During functional magnetic resonance imaging (fMRI), volunteers saw emotional and neutral expectancy cues signaling the subsequent presentation of corresponding emotional or neutral pictorial stimuli. As a
control, emotional and neutral pictures were presented without preceding expectancy cue, resulting in a 2 ⫻ 2
factorial design with the factors “expectancy” and “emotion.” Statistical analysis revealed a signiﬁcant positive
interaction effect between these factors in the medial prefrontal cortex (MPFC, Brodmann area [BA] 9/10),
amygdala, and dorsal midbrain. In all these regions, expectancy augmented the neural response to emotional
but not to neutral pictures. Time course analysis of raw data suggests that this augmented activation was not
preceded by baseline increases in MPFC and amygdala during the period of emotional expectancy. In a
post-scanning session, the paradigm was presented for a second time to allow emotional intensity rating.
Again, a signiﬁcant interaction between expectancy and emotion was observed, with intensity ratings specifically enhanced in emotional photographs preceded by expectancy. There was a positive correlation between
intensity ratings and blood oxygenation level-dependent (BOLD) signals in the left amygdala. We conclude
that speciﬁc components of the emotion network show enhanced activation in response to emotional stimuli
when these are preceded by expectancy. This enhancement effect is not present in neutral pictures and might
parallel accentuated subjective feeling states. Hum Brain Mapp 27:662– 677, 2006. © 2005 Wiley-Liss, Inc.
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INTRODUCTION
Daily life shows that attention inﬂuences our emotional
experience. When we direct our attention to an emotion
(e.g., sadness), we tend to experience this emotion more
intensely. Conversely, if we turn our attention away from
the emotion and direct it to a more demanding cognitive
task, the emotion tends to fade. This inﬂuence of attention
on emotional experience is also found in psychiatric patients. Patients with major depressive disorder, for example,
show an attention bias toward negative contents and deﬁcits
in shifting the focus of their attention to positive stimuli
[Murphy et al., 1999]. This seems to contribute to the intensity and perpetuation of depressed mood and anhedonia in
this disorder. Accordingly, a therapeutic premise behind
cognitive behavioral therapy (CBT) is to modify maladaptive attentional processes to alleviate emotional symptoms.
Functional imaging has been used to study the neural
correlates of attentional control in humans. Whereas relatively few studies have focused on attentional modulation in
the emotion domain, a large body of work has examined
attention effects in extrastriate visual areas. These studies
have generally adopted one of two approaches to examine
attentional modulation. The classic approach is to compare
different tasks in relation to the same set of visual stimuli
[Buchel et al., 1998a; Corbetta et al., 1990; Kastner et al., 1998;
O’Craven et al., 1997; Tootell et al., 1998]. The premise is that
each task will require subjects to attend to a different object
feature, e.g., color or velocity. Because such paradigms allow
the study of the attention effect that appears during the
period of stimulus presentation, we shall refer to them here
(for convenience) as “simultaneous attention” paradigms. In
an alternative approach, a number of studies have incorporated a period of expectancy before the presentation of the
actual stimulus [Posner et al., 1980]. In such paradigms, an
expectancy cue is presented to direct the subject’s attention
to a speciﬁc visual feature of the subsequent stimulus such
as color [Chawla et al., 1999], motion [Chawla et al., 1999;
Shulman et al., 1999], or spatial location [Hopﬁnger et al.,
2000; Kastner et al., 1999]. We shall refer to these paradigms
here as “preceding attention” tasks. Although both approaches have been used to demonstrate enhanced activation in extrastriate visual areas during attended versus unattended stimulus processing, the preceding attention
approach also allows the study of attention-related baseline
activity increases occurring before stimulus onset.
In contrast to the visual domain, relatively few imaging
studies have investigated attentional modulation in emotional stimulus processing. Most of these studies have used
simultaneous attention paradigms. Within these paradigms,
two variants can be distinguished. The ﬁrst variant is based
on the comparison between explicit and implicit tasks in
relation to emotional photographs [Fichtenholtz et al., 2004;
Keightley et al., 2003; Lane et al., 1997, 2001; Lange et al.,
2003; Liberzon et al., 2000; Northoff et al., 2004; Teasdale et
al., 1999; Winston et al., 2003]. The underlying assumption is
that explicit tasks (e.g., pleasant vs. unpleasant) involve
stronger emotional attention through selective attention to
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emotional aspects of the photograph (attended condition). In
contrast, implicit tasks (e.g., indoors vs. outdoors) direct the
attentional focus to nonemotional features of the stimulus
(unattended condition). It is noteworthy that these studies
found consistent activation in the medial prefrontal cortex
(MPFC; including the anterior cingulate) during attended
compared to unattended emotional picture viewing. The
second variant uses distraction tasks to modulate attentional
processes during emotional stimulus presentation [Lane et
al., 1999; Pessoa et al., 2002; Vuilleumier et al., 2001]. The
premise is that demanding distraction tasks suppress emotional attention because they compete for attentional resources with the processing of emotional stimuli. Two of
these studies [Lane et al., 1999; Pessoa et al., 2002] also
observed activation in the MPFC during low compared to
high distraction conditions. In addition, studies of both variants reported activation of a variety of other regions such as
the amygdala, midbrain, posterior cingulate, insula, lateral
prefrontal cortex, and superior temporal gyrus. With regard
to these regions, however, ﬁndings varied considerably
across studies.
Several studies have employed expectancy paradigms to
investigate preceding emotional attention. This includes the
expectancy of emotional photographs [Ueda et al., 2003],
painful stimuli [Buchel et al., 1998a, 1999; Jensen et al., 2003;
LaBar et al., 1998; Ploghaus et al., 2003], monetary rewards
[Breiter et al., 2001; Critchley et al., 2001; Knutson et al.,
2001], and aversive or appetitive odor [Gottfried et al., 2002].
Whereas these studies concentrated on the period of expectancy preceding the actual emotional stimulus, our present
study focused on the interaction effect between expectancy
and emotion observed during the period of stimulus presentation. We intermittently presented an expectancy cue
before emotional picture presentation (Fig. 1). Signaling an
emotional picture, this expectancy cue induced preceding
emotional attention to the subsequent picture. Some emotional pictures were not preceded by the expectancy cue. As
a further control, neutral pictures were presented with and
without neutral expectancy cues, resulting in a 2 ⫻ 2 factorial design with the factors “expectancy” and “emotion.”
The interaction term between these factors allowed the identiﬁcation of the expectancy effect speciﬁc for the emotional
condition. By employing such an expectancy paradigm, we
were able to modulate emotional attention without varying
the task demands in relation to the stimuli. In our paradigm,
attended (with expectancy) and unattended (without expectancy) conditions only differed in the period preceding the
stimulus presentation. The period of stimulus presentation
itself did not vary between conditions. In this way, we were
able to avoid potentially confounding task-related activation. Analogous to studies on feature-selective attention in
the visual domain, we hypothesized that emotional expectancy would enhance neural responses to emotional stimuli
in key regions of the emotion network, such as the amygdala
and MPFC. We anticipated that this expectancy effect would
be speciﬁc for the emotional condition. Consistent with our
hypothesis, we found larger activation in the MPFC (Brod-
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Figure 1.
Paradigm for fMRI. A: Experimental conditions.
Participants viewed emotional and neutral photographs. In half of the trials these were preceded by an expectancy period indicating
whether the subsequent picture was emotional
or neutral. Each picture was followed by a ﬁxation cross. B: Example trials. The trials “emotional picture with preceding expectancy period”
and “emotional picture without preceding expectancy period” are illustrated. Stimuli are not
drawn to scale. [Color ﬁgure can be viewed in
the online issue, which is available at www.
interscience.wiley.com.]

mann area [BA] 9/10), amygdala, and dorsal midbrain during emotional stimulus processing when it was preceded by
emotional expectancy. This augmentation of neural response was speciﬁc for the emotional condition (interaction
effect) and was paralleled by a behavioral interaction effect,
with intensity ratings speciﬁcally enhanced in emotional
photographs preceded by expectancy.

SUBJECTS AND METHODS
Subjects
Seventeen healthy volunteers (9 women, 8 men; age range,
21–37 years) with no history of neurological or psychiatric
illness (based on a physician’s examination and interview)
participated in this study after giving written informed consent. The institutional review board of the Beth Israel Deaconess Medical Center approved this study.

Experimental Design
The paradigm distinguished between emotional (50% positive/pleasant, 50% negative/unpleasant) and neutral pictures (Fig. 1). Pictures were selected from the International
Affective Picture System [IAPS, Lang et al., 1999] in a manner so that their standard valence scores were: (1) clearly
positive, negative, or neutral; and (2) approximately balanced between positive and negative pictures relative to the
neutral pictures. The mean for positive, negative, and neutral pictures was 7.68 (⫾ 0.27, standard deviation [SD]), 2.00
(⫾ 0.32), and 5.10 (⫾ 0.34), respectively. Each picture pre-
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sentation (5 s) was followed by a rest period (8.5 s) that
allowed subjects to emotionally recover from the picture
[Garrett and Maddock, 2001]. Before half of the photographs, attention-directing cues were presented (expectancy
period, 5 s; Fig. 1). An upwards-pointing arrow indicated
that an emotional photograph would follow (emotional expectancy). A horizontal arrow signaled a neutral picture
(neutral expectancy). Half of the photographs were not preceded by an arrow (pictures without expectancy). The instruction for upwards-pointing arrows was to build up attention for subsequent emotional picture presentation.
During neutral expectancy, subjects had to build up attention for subsequent neutral picture presentation.
The paradigm distinguished between emotional and neutral conditions as well as between conditions with and without expectancy (Fig. 1), resulting in a 2 ⫻ 2 factorial design
with the factors expectancy and emotion. Sixty-four trials
per condition were presented over eight runs. The four
conditions were pseudorandomized and counterbalanced
within and across runs. Between emotional conditions (with
and without expectancy) as well as between neutral conditions, pictures were matched for valence, arousal, and dominance based on the normative data of the IAPS [Lang et al.,
1999], thus ruling out confounding activation in the comparison between expected and nonexpected conditions. Because
valence and arousal are correlated strongly in pictorial emotional stimuli [Anderson et al., 2003b; Lang et al., 1999], we
were not able to match emotional and neutral pictures according to arousal. This mismatch, however, did not affect
our main ﬁndings, which concern the term (emotional pic-
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ture with expectancy ⬎ emotional picture without expectancy) ⬎ (neutral picture with expectancy ⬎ neutral picture
without expectancy), reﬂecting the positive interaction between the factors expectancy and emotion.
The emotional stimuli presented were taken from a standardized picture set [IAPS; Lang et al., 1999] that is used
widely to study the comparison between positive (i.e., pleasant), negative (i.e., unpleasant), and neutral stimulus processing. Pictures from this set are matched largely between valences with regard to color, luminance, complexity, and
semantic content [Lang et al., 1999]. For instance, a negative
picture drawn from this set shows a suicidal man with a gun,
whereas the corresponding neutral picture shows the same
man in the same position holding a hairdryer. We acknowledge that we cannot rule out slight differences in visual properties between single pictures of different conditions. Given
that there were 64 trials (pictures) for each condition, however,
we assume that most of the remaining variability was canceled
out over the course of the experiment. The nonpictorial stimuli
(arrows, ﬁxation cross) were of equal size, color, and luminance
and were centered on a black background.
Before the experiment, subjects were familiarized with the
paradigm by completing a test run with 20 trials. Subjects
were instructed to promptly press a button whenever they
saw a photograph. This button press allowed the monitoring
of the attentiveness of the subject. The button press did not
require a speciﬁc judgment task that could have modulated
the emotional response [Taylor et al., 2003]. This simple task
design thus allowed the functional magnetic resonance imaging (fMRI) investigation of emotional stimulus processing
and its attentional modulation unaffected of interfering cognitive task demands. Due to technical difﬁculties, reaction
times were not recorded in three subjects.
Picture judgments were conducted outside the scanner 1
day after the fMRI session. The paradigm (including expectancy periods) was presented to the subjects for a second
round, this time, each picture was followed by a task period
that consisted of emotional intensity rating, valence rating,
and surprise recognition test. All three responses were given
using a visual analogue scale. Emotional intensity rating
scores ranged from low (1) through medium (5) to high (9).
Similarly, valence assessment ranged from very negative (1)
through neutral (5) to very positive (9). For picture recognition, choices ranged from “deﬁnitely not seen during fMRI”
(1) through “maybe” (5) to “deﬁnitely seen” (9). For the
purpose of the surprise recognition task, 24 new photographs were included in the slide show. The surprise recognition task was not tested in one subject due to technical
difﬁculties. We were aware that emotional responses might
attenuate when pictures are seen for a second time [Ishai et
al., 2004]; however, this repetition effect applies equally to
all picture conditions and was not expected to affect the
differences between conditions.

Functional MRI Data Acquisition
MR images were acquired on a 3 Tesla GE VH/1 (Milwaukee, WI) whole-body scanner equipped with echo pla-
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nar imaging (EPI) capabilities using the standard head coil
for radiofrequency transmission and signal reception. A 3D
T1-weighted structural image (1 mm3 voxel size) was acquired for each subject for anatomical reference. For functional imaging, a gradient-echo EPI sequence was used with
a repetition time (TR) of 3.016 s, an echo time (TE) of 20 ms,
and a matrix of 64 ⫻ 64. Using a midsagittal scout image, 36
contiguous axial slices were acquired parallel to the bicommissural plane covering the entire brain in less than 3 s (ﬂip
angle ⫽ 90 degrees, ﬁeld of view [FOV] ⫽ 24 cm, 3 mm
slices, skip 1 mm). In total, 196 T2*-weighted functional
images were acquired per run. The ﬁrst four acquisitions of
each run were discarded due to T1-saturation effects. Blood
oxygenation level-dependent (BOLD) images were reconstructed to yield isotropic voxels, 4 mm on edge.
Because the gradient-echo echoplanar images used for
fMRI can be degraded in the presence of nonuniform magnetic ﬁelds, we paid special attention to the image quality in
the anterior medial temporal lobes and orbitofrontal brain
regions. First, pilot echoplanar images were obtained and
were visually inspected before fMRI acquisition to ensure
good image quality in the brain regions of interest. Second,
the images were corrected for residual geometric distortion
[Jezzard and Balaban, 1995] based on a magnetic ﬁeld map
acquired with a 1-min reference scan [Alsop, 1995]. This
correction realigns the echoplanar images with the higher
quality T1 images used for determining the transformation
to the standard atlas.

Functional MRI Analysis
Image processing and statistical analysis were carried out
using SPM99 (Wellcome Department of Imaging Neuroscience, London, UK). Each set of functional volumes was
realigned to the ﬁrst volume, spatially normalized [Friston
et al., 1995a] to a standard SPM99 template based upon the
Montreal Neurological Institute (MNI) reference brain
[Evans et al., 1993], and ﬁnally smoothed using an 8-mm
full-width half-maximum (FWHM) Gaussian kernel. The
effect of global differences in scan intensity was removed by
scaling each scan in proportion to its global intensity. Lowfrequency drifts were removed using a temporal high-pass
ﬁlter with a frequency of 1/200 Hz. High-frequency drifts
were removed by applying a low-pass ﬁlter convolving our
data with the hemodynamic response function (HRF). Before statistical analysis, a whole-brain mask was created and
was speciﬁed explicitly based on each subject’s normalized
in-plane anatomical image. This was done to ensure that
statistics were carried out in all brain regions, including
those where signals may be low in some subjects due to
susceptibility artifacts (K. Christoff, http://www-psych.
stanford.edu/⬃kalina/SPM99/Tools/glm_specmask.html).
Condition and subject effects were estimated using general linear model approach [Friston et al., 1995b]. We modeled six regressors of interest, convolved with the canonical
HRF as implemented in SPM99 [Friston et al., 1998]. Besides
the four experimental conditions (emotional and neutral
pictures with and without preceding expectancy; Fig. 1), we
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also modeled the emotional and neutral expectancy periods preceding the picture presentation. Although not involved in the comparisons of this study, these two conditions were modeled to reduce the possible confound of
picture period by preceding expectancy-related BOLD responses. Main comparisons involving the periods of emotional and neutral expectancy will be analyzed in a separate study. In a ﬁrst-level analysis, parameter estimates of
stimulus-related activity were obtained at each voxel for
each regressor and each subject [Friston et al., 1995b].
Contrast images were constructed, whereby the size of a
given effect at each voxel constitutes the image. For second-level random-effects analysis [Friston et al., 1999],
these single-subject contrasts were entered into one-sample t-tests across the 17 subjects. Corresponding to the 2
⫻ 2 factorial design of our paradigm with the factors
expectancy and emotion, statistical parametric maps were
estimated for the main effects of expectancy and emotion
as well as for the positive and negative interaction between both factors. The positive interaction effect was
determined using the serial subtraction (emotional picture
with expectancy ⬎ emotional picture without expectancy)
⬎ (neutral picture with expectancy ⬎ neutral picture
without expectancy). Analogously, the negative interaction term was (emotional picture without expectancy
⬎ emotional picture with expectancy) ⬎ (neutral picture
without expectancy ⬎ neutral picture with expectancy).
The positive interaction term was then decomposed by
studying the expectancy effect for emotional and neutral
conditions separately (emotional picture with expectancy
⬎ emotional picture without expectancy and neutral picture with expectancy ⬎ neutral picture without expectancy). Finally, a valence-oriented analysis was carried out
distinguishing between positive (i.e., pleasant) and negative (i.e., unpleasant) picture conditions. For this analysis,
we separately modeled positive and negative picture periods (with and without preceding expectancy, respectively) as regressors of interest. The individual interaction
contrasts (emotional picture with expectancy ⬎ emotional
picture without expectancy) ⬎ (neutral picture with expectancy ⬎ neutral picture without expectancy) were entered into paired t-tests across the 17 subjects comparing
the interaction effect between positive and negative picture conditions.
A global height threshold was set at P ⬍ 0.001 (uncorrected) corresponding to a t score ⬎ 3.69. We indicate where
results survive corrections for multiple comparisons at P
⬍ 0.05 [false discovery rate (FDR); Genovese et al., 2002]. In
relation to the ongoing debate on potential attentional modulation of amygdala activity [Pessoa et al., 2002; Vuilleumier
et al., 2001], small volume correction (SVC; P ⬍ 0.05) was
carried out for this a priori region of interest [Worsley et al.,
1996]. The SVC was based on a sphere centered on the peak
amygdala activation revealed by the contrast emotional vs.
neutral pictures (6-mm radius, corresponding to the approximate size of the amygdala; x/y/z ⫽ 24, ⫺4, ⫺24 and x/y/z
⫽ ⫺24, ⫺8, ⫺20). Given the small size and the shape of the
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amygdala, as well as the voxel size of 4 mm and the smoothing kernel of 8 mm, it is acknowledged that our procedure of
SVC does not allow the complete isolation of amygdala
activation from activation in adjacent structures, e.g., the
hippocampus and parahippocampal gyrus.
For correlation analysis, individual interaction effects in
brain activation and in emotional intensity rating were correlated with each other. This analysis was carried out for the
peak voxels in MPFC, midbrain, left and right amygdala as
identiﬁed by the positive interaction contrast (emotional
picture with expectancy ⬎ emotional picture without expectancy) ⬎ (neutral picture with expectancy ⬎ neutral picture without expectancy; cf. Table I). The individual interaction effect on brain activation was extracted from the
statistical parametric t map created for this contrast. The
individual interaction score in intensity rating was determined by subtracting the expectancy effect in neutral pictures from the effect in emotional pictures for each subject.
For regions revealed by the positive interaction contrast
(MPFC, amygdala, and midbrain), we explored the time
course of activation for the expectancy period. For this purpose, we resampled the time series of the BOLD signals in
2-s time bins [cf. Sakai and Passingham, 2003]. The resampling was based on jitter decomposition. Parameter estimates were extracted from the time bins and plotted against
time. The size of effect within each bin was averaged across
the experiment for the 17 subjects, separately for each of the
four conditions and each peak voxel. Time bins covered the
time period from baseline (three time points) to seven time
points after the onset of picture presentation. To standardize
the baselines between conditions, we normalized the curves
by deﬁning the average of the three baseline time points as
zero for each condition. Data were not convolved with the
canonical HRF for this time course analysis.

RESULTS
Behavioral Performance
The expectancy paradigm was presented to the subjects
twice, during fMRI and in a post-scanning session. The
second session allowed the investigation of the effect of
preceding expectancy on subjective picture rating and recognition.
Emotional intensity ratings (Fig. 2) showed signiﬁcant
effects for the factors emotion (repeated-measures analysis
of variance [ANOVA]; F[1,16] ⫽ 120.5, P ⬍ 0.001) and expectancy (F[1,16] ⫽ 10.5, P ⫽ 0.005), and the interaction term
between expectancy and emotion (F[1,16] ⫽ 9.1, P ⫽ 0.008).
Emotional photographs received higher intensity scores
than neutral photographs did (mean difference, 2.91 ⫾ 0.27
standard error of the mean [SEM]). At the same time, photographs were rated as more intense after an expectancy cue,
especially in the emotional condition where the mean expectancy effect was 0.24 (⫾ 0.07). Even though the expectancy effect was smaller than the emotion effect was, it was
consistent across the subjects, which explains the signiﬁcant
differential effect in the repeated-measures analysis.
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TABLE I. Maximum t values and peak voxel coordinates for regions activated in main and interaction contrasts
Pictures

Expectancy* emotion interaction

Region

Expected ⬎
nonexpecteda

Emotional ⬎
neutrala

Positive

Negative

L superior/medial frontal gyrus (BA9, 10)
R superior/medial frontal gyrus (BA9, 10)
L middle/inferior frontal gyrus (BA8)
R middle/inferior frontal gyrus (BA9, 44, 45, 46)
R middle/inferior frontal gyrus (BA10)
L precentral gyrus (BA6)
L amygdala
R amygdala
L hippocampus
R hippocampus
L putamen
R putamen
L thalamus
R thalamus
Dorsal midbrain
R insula
L superior temporal gyrus (BA42)
L temporal pole (BA38)
L middle/inferior temporal gyrus (BA37, 39)
R superior temporal gyrus (BA22)
R temporal pole (BA38)
R middle/inferior temporal gyrus (BA37, 39)
L fusiform gyrus (BA37)
R fusiform gyrus (BA37)
L inferior parietal lobule (BA40)
R inferior parietal lobule (BA40)
Posterior cingulate gyrus (BA23, 31)
L cerebellum
R cerebellum
L occipital and lingual gyri (BA17, 18, 19)
R occipital and lingual gyri (BA17, 18, 19)

—
5.30 (12, 64, 20)
4.76 (⫺44, 20, 52)
—
—
—
—
—
4.95 (⫺28, ⫺28, ⫺8)
5.24 (32, ⫺16, ⫺20)
4.63 (⫺28, ⫺20, 0)
—
4.67 (⫺20, ⫺28, ⫺4)
5.40 (16, ⫺4, 12)
—
—
—
5.84 (⫺52, 20, ⫺16)
5.17 (⫺56, ⫺56, ⫺20)
—
4.57 (52, 16, –20)
5.91 (40, ⫺52, ⫺24)
5.07 (⫺40, ⫺60, ⫺20)
5.91 (40, ⫺52, ⫺24)
4.99 (⫺60, ⫺60, 36)
—
—
4.89 (⫺40, ⫺60, ⫺24)
5.90 (12, ⫺76, ⫺20)
7.68 (⫺8, ⫺88, ⫺4)
4.76 (16, ⫺84, ⫺4)

3.29 (⫺4, 56, 20)
—
—
7.49 (48, 8, 20)
—
—
5.27 (⫺24, ⫺8, ⫺20)
5.26 (24, ⫺4, ⫺24)
5.42 (⫺28, ⫺12, ⫺20)
4.40 (28, ⫺12, ⫺20)
—
4.14 (16, ⫺4, 8)
—
—
7.09 (⫺8, ⫺28, ⫺12)
4.99 (44, 12, 12)
—
—
7.51 (⫺48, ⫺80, 12)
—
—
10.17 (56, ⫺64, 0)
8.33 (⫺52, ⫺56, ⫺24)
8.42 (44, ⫺48, ⫺24)
—
—
—
8.55 (⫺52, ⫺60, ⫺28)
9.42 (44, ⫺56, ⫺28)
7.12 (⫺4, ⫺92, 4)
9.73 (4, ⫺68, ⫺4)

4.66 (⫺8, 64, 24)
—
—
—
—
—
3.16 (⫺20, ⫺8, ⫺20)b
3.11 (28, ⫺4, ⫺28)b
—
—
—
—
—
—
5.69 (⫺4, ⫺28, ⫺12)
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
6.28 (40, 56, 8)
5.02 (⫺64, 0, 20)
—
—
—
—
—
—
—
—
—
—
4.43 (⫺68, ⫺28, 16)
—
—
6.39 (60, ⫺28, 0)
—
—
—
—
5.26 (⫺48, ⫺40, 36)
6.02 (48, ⫺40, 36)
5.71 (0, ⫺28, 36)
—
—
—
—

P ⬍ 0.001 uncorrected at a voxel-level unless otherwise noted. L, left; R, right.
a
Also signiﬁcant at P ⬍ 0.05 false discovery rate-corrected at a voxel level.
b
P ⬍ 0.05 corrected for multiple comparisons across a small volume of interest.

Valence ratings revealed that pictures classiﬁed as emotional and neutral in the paradigm were experienced as
such. The mean valence scores for positive, negative, and
neutral pictures were 7.26 (⫾ 0.18), 5.14 (⫾ 0.07), and 1.81
(⫾ 0.13), respectively.
Recognition performance, represented by d⬘ [e.g., Green
and Swets 1966], showed a signiﬁcant effect for the factor
emotion (repeated-measures ANOVA; F[1,15] ⫽ 8.9, P
⫽ 0.009) with better performance in the emotional condition.
There was no signiﬁcant effect for the factor expectancy
(F[1,15] ⫽ 2.8, P ⫽ 0.12) and the interaction term between
expectancy and emotion (F[1,15] ⫽ 0.4, P ⫽ 0.53).
The on-line button press served to assess the attentiveness of the subjects during the fMRI session. No judgment
was required. Reaction times showed a signiﬁcant effect
of expectancy in the repeated-measures ANOVA (F[1,13]
⫽ 39.6, P ⬍ 0.001) with faster responses in the conditions
with preceding expectancy. By contrast, the effect of emotion (F[1,13] ⫽ 0.08, P ⫽ 0.79) and the interaction between
expectancy and emotion (F[1,13] ⫽ 0.57, P ⫽ 0.47) did not
reach signiﬁcance.
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Figure 2.
Intensity rating. Emotional intensity of pictures was assessed using a
nine-point visual analogue scale. Larger values on the ordinate reﬂect
higher intensity scores. Emotional pictures were rated signiﬁcantly
more intense when they were preceded by expectancy. Error bars
show the standard error of the mean (SEM). *P ⬍ 0.05.
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Functional MRI Data
Main effect of expectancy
To investigate the effect of expectancy on pictorial stimulus processing, brain activity during the presentation of
pictures was compared between conditions with and without preceding expectancy (Table I). Because emotional and
neutral pictures were collapsed in this contrast, this analysis
revealed activation related to expectancy independent of
emotion. The comparison revealed activation in the medial
and lateral prefrontal cortex, hippocampus, putamen, thalamus, cerebellum, inferior parietal lobule, temporal pole,
and occipitotemporal visual regions. These signal increases
were signiﬁcant at P ⬍ 0.05 FDR-corrected. No signiﬁcant
expectancy effect was found in the amygdala at P ⬍ 0.05
SVC.

Main effect of emotion
To identify the effect of emotion in our study group, we
contrasted brain activity during emotional versus neutral
pictures (Table I). Because pictures with and without expectancy were not distinguished in this contrast, this comparison
revealed activation related to emotional stimulus processing
independent of expectancy. The main effect of emotion involved a number of regions that had also shown an expectancy effect. These common regions include the MPFC, lateral prefrontal cortex, hippocampus, putamen, cerebellum,
and occipitotemporal visual regions. In addition, the effect
of emotion also revealed regions that had not appeared in
the above expectancy contrast, such as the amygdala, dorsal
midbrain, and insula.

Interaction between expectancy and emotion
To identify the expectancy effect speciﬁc for the emotional
condition, we tested the positive interaction between expectancy and emotion (Fig. 3, Table I). This analysis was critical
to the experiment to cancel out general expectancy effects
such as picture expectancy. The positive interaction contrast
(emotional picture with expectancy ⬎ emotional picture
without expectancy) ⬎ (neutral picture with expectancy
⬎ neutral picture without expectancy) revealed a speciﬁc
effect of emotional expectancy in the MPFC and dorsal
midbrain (P ⬍ 0.001 uncorrected). Figure 3C indicates that
the MPFC showed this effect more pronounced during positive (i.e., pleasant) picture conditions and the midbrain
during negative (i.e., unpleasant) picture conditions. A signiﬁcant positive interaction effect was also observed in the
amygdala after SVC (P ⬍ 0.05 SVC). The negative interaction
contrast (emotional picture without expectancy ⬎ emotional
picture with expectancy) ⬎ (neutral picture without expectancy ⬎ neutral picture with expectancy), identifying the
effect of “unexpectedness” speciﬁc for the emotional condition, showed activations in the lateral prefrontal cortex, superior temporal gyrus, inferior parietal lobule, and posterior
cingulate gyrus (P ⬍ 0.001 uncorrected; Table I).

䉬

Figure 3.
Positive interaction effect. Regions showing activation in the contrast (emotional picture with expectancy ⬎ emotional picture
without expectancy) ⬎ (neutral picture with expectancy ⬎ neutral
picture without expectancy), i.e., positive interaction between
emotion and expectancy, presented in section A (through x ⫽ ⫺8,
y ⫽ 64, z ⫽ 24) and B glass-brain views. P ⬍ 0.001 uncorrected.
The bar diagram (C) separately indicates the contribution of
positive (i.e., pleasant) and negative (i.e., unpleasant) picture conditions to the effects observed in midbrain and medial prefrontal
cortex. [Color ﬁgure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
In the next step, we decomposed the positive interaction
term in a post-hoc analysis (Table II). To determine the effect
of expectancy in the emotional condition, brain activity during the presentation of emotional pictures was compared
between conditions with and without preceding expectancy
(Fig. 4, Table II). This contrast revealed activation in the
medial and lateral prefrontal cortex, hippocampus, putamen, thalamus, dorsal midbrain, temporal pole, cerebellum,
and occipitotemporal visual regions. These signal increases
were signiﬁcant at P ⬍ 0.05 FDR-corrected. A signiﬁcant
expectancy effect was also found in the amygdala after SVC
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TABLE II. Maximum t values and peak voxel coordinates for regions activated in post-hoc contrasts
Expected ⬎ nonexpected
Region

Emotional pictures*

Neutral pictures

L superior/medial frontal gyrus (BA9,10)
L middle/inferior frontal gyrus (BA10,47)
R middle/inferior frontal gyrus (BA10,47)
R amygdala
L hippocampus
R hippocampus
L putamen
L thalamus
R thalamus
Dorsal midbrain
L temporal pole (BA38)
R temporal pole (BA38)
L fusiform gyrus (BA37)
R fusiform gyrus (BA37)
L inferior parietal lobule (BA40)
R inferior parietal lobule (BA40)
L cerebellum
R cerebellum
L occipital and lingual gyri (BA17,18,19)
R occipital and lingual gyri (BA17,18,19)

6.22 (⫺8,60,20)
4.26 (⫺56,32,⫺8)
—
4.38 (24,0,⫺28)a
4.44 (⫺28,⫺32,⫺8)
5.24 (32,⫺16,⫺20)
4.64 (⫺28,⫺16,⫺8)
4.05 (⫺16,⫺12,8)
4.57 (24,⫺28,0)
3.90 (8,⫺36,⫺20)
5.54 (⫺52,16,⫺16)
4.93 (52,16,⫺16)
4.70 (⫺40,⫺56,⫺24)
4.16 (40,⫺52,⫺24)
—
—
4.44 (⫺36,⫺72,⫺24)
8.86 (12,⫺72,⫺20)
7.66 (⫺8,⫺76,⫺12)
5.83 (16,⫺84,⫺4)

—
4.39 (⫺48,52,⫺8)
4.36 (48,52,⫺4)
—
—
—
4.44 (⫺28,⫺24,⫺4)
—
4.21 (16,⫺4,12)
—
—
—
5.14 (⫺40,⫺60,⫺20)
5.05 (52,⫺52,⫺20)
4.53 (⫺60,⫺60,40)
5.06 (56,⫺60,44)
—
—
7.52 (⫺4,⫺84,16)
4.39 (4,⫺88,0)

P ⬍ 0.001 uncorrected at a voxel-level unless otherwise noted.
* Also signiﬁcant at P ⬍ 0.05 false discovery rate (FDR)-corrected at a voxel-level.
a
P ⬍ 0.05 corrected for multiple comparisons across a small volume of interest.

(P ⬍ 0.05 SVC). To assess the effect of expectancy on picture
processing independent of emotional processes, we compared brain activity during the presentation of neutral pictures between conditions with and without expectancy (Table II). Like the expectancy effect in the emotional condition,
this contrast revealed activation in the lateral prefrontal
cortex, putamen, thalamus, and occipitotemporal visual regions. The expectancy effect in the neutral condition did not
involve the MPFC, amygdala, and dorsal midbrain.
Finally, we compared the interaction effect (emotional
picture with expectancy ⬎ emotional picture without expectancy) ⬎ (neutral picture with expectancy ⬎ neutral picture without expectancy) between positive (pleasant) and
negative (unpleasant) picture conditions. We found larger
interaction effects in the left (x ⫽ ⫺40, y ⫽ ⫺4, z ⫽ ⫺4) and
right (x ⫽ 40, y ⫽ 0, z ⫽ ⫺8) insula during negative (unpleasant) compared to positive (pleasant) picture conditions
(P ⬍ 0.001 uncorrected). Positive picture conditions showed
larger interaction effects in the left (x ⫽ ⫺56, y ⫽ ⫺40, z
⫽ ⫺8) and right (x ⫽ 48, y ⫽ ⫺32, z ⫽ ⫺12) middle temporal
gyrus (BA 21) as well as in the cuneus (x ⫽ 0, y ⫽ ⫺92, z
⫽ 16) relative to negative conditions (P ⬍ 0.001 uncorrected).
No signiﬁcant valence differences were observed in the
MPFC and dorsal midbrain at P ⬍ 0.001 uncorrected and in
the amygdala at P ⬍ 0.001 uncorrected and P ⬍ 0.05 SVC.

Correlation Between fMRI and Behavioral Data
Because the positive interaction term (emotional picture
with expectancy ⬎ emotional picture without expectancy)
⬎ (neutral picture with expectancy ⬎ neutral picture without expectancy) best reﬂects attentional modulation speciﬁc
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for emotional stimulus processing, our correlation analysis
focused on this effect. In fMRI, interaction between expectancy and emotion was present in the MPFC, midbrain, and
amygdala, whereas at the behavioral level, a signiﬁcant interaction was found in intensity rating. We therefore tested
for correlation between the interaction effects in fMRI activation (peak voxels in MPFC, midbrain, and left and right
amygdala; cf. Table I, third column) and intensity rating.
This analysis revealed a signiﬁcant correlation in the left
amygdala (Fig. 5, Pearson r ⫽ 0.58, P ⫽ 0.014). The more that
expectancy enhanced intensity rating scores speciﬁcally in
emotional pictures, the larger was the interaction effect observed in the left amygdala.

Time Course of Activation
To illustrate the time course of the hemodynamic response
in the MPFC, amygdala, and midbrain, the time series of
BOLD signals was resampled in 2-s time bins (Fig. 6). The
emotional picture conditions with and without preceding
expectancy both produced signal increases in the MPFC
(Fig. 6A, cf. Table I). In contrast, no meaningful signal increases were found in the two neutral conditions. In good
agreement with the predicted delay of the hemodynamic
response, the signal peak was seen approximately 6 s after
the onset of the emotional picture and decayed over the
course of the subsequent rest period. Larger signal increases
were observed during emotional pictures when they were
preceded by emotional expectancy; this observation reﬂects
the above-reported signiﬁcant signal increases in the statistical parametric mapping contrast emotional picture with
expectancy ⬎ emotional picture without expectancy (Fig. 4,
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Interaction Between Expectancy and Emotion

Figure 4.
Emotional expectancy effect. Comparison between emotional
conditions with and without preceding expectancy, presented in
glass-brain and section (through x ⫽ ⫺8, y ⫽ 60, z ⫽ 20) views.
The section views do not display all regions activated in this
contrast (cf. Table II). P ⬍ 0.05 false discovery rate (FDR)-corrected. [Color ﬁgure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

Our expectancy paradigm refers to studies on featureselective attention in the visual domain [Chawla et al., 1999;
Hopﬁnger et al., 2000; Kastner et al., 1999; Shulman et al.,
1999]. In these studies, the expectancy of a speciﬁc stimulus
feature (e.g., color, motion) has been shown to induce increased activation in appropriately speciﬁc visual areas during subsequent stimulus presentation. Analogous to these
ﬁndings, the present study hypothesized that emotional expectancy would enhance the neural response to emotional
stimuli in speciﬁc regions of the emotion network. To identify brain regions showing such enhanced activation, we
contrasted emotional picture conditions with versus without
preceding expectancy. To control for nonspeciﬁc aspects of
expectancy (e.g., picture expectancy), we subtracted the expectancy effect in the neutral condition from the above
contrast. The resulting positive interaction term revealed
activation in the MPFC (BA 9/10), amygdala, and midbrain.
These three regions were also identiﬁed as part of the emotion network with the contrast “emotional versus neutral
pictures.” We conclude that these three regions represent the
part of the emotion network whose response to emotional
stimuli is particularly modulated by emotional expectancy.
The fMRI ﬁndings were paralleled by a corresponding
interaction effect in subjective picture rating. Emotional pictures received higher emotional intensity rating scores when
they were preceded by emotional expectancy. This expectancy effect was speciﬁc for emotional pictures (as opposed

Table II). Similar time courses were observed in the right
amygdala (Fig. 6B) and dorsal midbrain (Fig. 6B) during the
picture period. As with the MPFC, emotional pictures produced larger signal intensities than neutral pictures did, and
greater signal increases were seen when emotional pictures
were preceded by expectancy (cf. Fig. 4, Table II). In the
MPFC and amygdala, signal increases relative to rest were
only observed 6 –10 s after the onset of the expectancy cue
(i.e., 1–5 s after picture onset). The left amygdala showed
time courses similar to the right amygdala. During the expectancy period, we observed no signal increases in the
MPFC and amygdala, whereas slight signal increases were
seen in the midbrain.

DISCUSSION
The aim of the present experiment was to investigate how
expectancy affects the processing of emotional compared to
neutral stimuli. In fMRI, we observed a signiﬁcant positive
interaction between the factors emotion and expectancy in
the medial prefrontal cortex (MPFC, BA 9/10), amygdala,
and dorsal midbrain. At the behavioral level, we also found
a signiﬁcant interaction effect with higher intensity ratings
to emotional photographs when they were preceded by
expectancy. These ﬁndings suggest that expectancy speciﬁcally augments the neural response to emotional stimuli in
speciﬁc components of the emotion network. This enhancement of brain activity might reﬂect accentuated subjective
feeling states.
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Figure 5.
Correlation of interaction effects. Correlation between positive
interaction effects in fMRI activation (left amygdala) and intensity
ratings. The interaction effect on left amygdala activation was
extracted from the peak voxel as identiﬁed by the positive interaction contrast (x ⫽ ⫺20, y ⫽ ⫺8, z ⫽ ⫺20, cf. Table I). The
interaction effect in intensity rating was determined by subtracting
the expectancy effect in neutral pictures from the effect in emotional pictures.
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to neutral pictures) and for the affective rating (emotional
intensity) as opposed to the cognitive control task (surprise
recognition test). Taken together, the behavioral data show
that increased selective attention to an emotional stimulus
induced by emotional expectancy is associated with accentuated subjective feeling states.

Simultaneous and Preceding Attention
Our data show that expectancy enhances the neural response to emotional but not neutral stimuli in the MPFC,
amygdala, and midbrain. Because emotional expectancy can
be considered a form of preceding attention, one may interpret our ﬁndings as attentional modulation of emotional
stimulus processing. This is one of the ﬁrst studies to examine attentional modulation using emotional expectancy. Previous studies have addressed this issue by adopting simultaneous attention paradigms [Fichtenholtz et al., 2004;
Keightley et al., 2003; Lane et al., 1997, 1999, 2001; Liberzon
et al., 2000; Northoff et al., 2004; Pessoa et al., 2002; Winston
et al., 2003]. Besides the MPFC, amygdala, and dorsal midbrain, these studies also observed attentional modulation in
a variety of other brain regions such as the posterior cingulate gyrus, insula, lateral prefrontal cortex, and superior
temporal gyrus. Differences in ﬁndings may well be related
to paradigm differences. In contrast to our expectancy paradigm, simultaneous attention paradigms vary task demands in relation to emotional stimuli to modulate attention. Across conditions, tasks might not differ in the
attention factor exclusively but also in other aspects, e.g.,
cognitive processes involved or simply task difﬁculty [Fichtenholtz et al., 2004]. Given the mutual suppression between
cognitive and emotional processes [Northoff et al., 2004], it
cannot be ruled out that such task differences affect emotional stimulus processing and its modulation by attention.
These differences are difﬁcult to control for and might have
contributed to activations inconsistently observed across
studies. Because our paradigm did not vary the task demands present during picture presentation, we can exclude
confounding task differences in our ﬁndings.

Medial Prefrontal Cortex
The positive interaction effect observed in the present
study concerns the MPFC, amygdala, and midbrain. The
Figure 6.
Time histogram. Size of effect in the medial prefrontal cortex
(MPFC), right amygdala, and dorsal midbrain over time. The curves
represent the four conditions, emotional pictures with expectancy
(rhomb), emotional pictures without expectancy (squares), neutral pictures with expectancy (circles), and neutral pictures without expectancy (triangles). The picture period (shaded area after
picture onset) is preceded by the expectancy period (shaded area
before picture onset) in the conditions with expectancy. In the
conditions without expectancy, the picture presentation is preceded by the rest period. Values refer to the peak voxels as
identiﬁed by the positive interaction contrast (cf. Table I): MPFC:
x ⫽ ⫺8, y ⫽ 64, z ⫽ 24. Right amygdala: x ⫽ 28, y ⫽ ⫺4, z ⫽ ⫺28.
Dorsal midbrain: x ⫽ ⫺4, y ⫽ ⫺28, z ⫽ ⫺12. The peak voxel in
the left amygdala (x ⫽ ⫺20, y ⫽ ⫺8, z ⫽ ⫺20) showed a time
course similar to the right amygdala. Comparable ﬁndings were
obtained when the analysis referred to clusters of activation (cf.
Fig. 3A,B) instead of peak voxels. [Color ﬁgure can be viewed in
the online issue, which is available at www.interscience.wiley.com.]
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dorsal part of the MPFC (BA 9/10) activated in our study
has been implicated in a number of cognitive aspects of
emotion processing [Blood et al., 1999; Blood and Zatorre,
2001; Drevets and Raichle, 1998; Fossati et al., 2003, 2004;
Frith and Frith, 1999; Gusnard et al., 2001; Hornak et al.,
1996; Northoff et al., 2004; Taylor et al., 2003]. Consistent
with our results, several studies have suggested a role for
the MPFC in emotion regulation [Beauregard et al., 2001;
Ochsner et al., 2002, 2004; Phillips et al., 2003; Price, 1999]
and more speciﬁcally in attentional modulation of emotion
processing [Fichtenholtz et al., 2004; Keightley et al., 2003;
Lane et al., 1997, 1999, 2001; Liberzon et al., 2000; Northoff et
al., 2004; Pessoa et al., 2002; Winston et al., 2003]. These
attention studies used simultaneous attention paradigms to
study attentional modulation in emotional stimulus processing. They observed higher medial prefrontal activity when
tasks required subjects to direct their attention to the emotional content of stimuli compared to the activity observed
for implicit or distraction tasks.
In some of these simultaneous attention studies, the activation focus extended into the anterior cingulate (BA 24/32)
[Fichtenholtz et al., 2004; Lane et al., 1997; Winston et al.,
2003]. In our study, the main site of MPFC activation (as
identiﬁed by the positive interaction term) was conﬁned to
the superior frontal gyrus at the border of BA 9 and BA 10.
This activation did not extend into the anterior cingulate,
even when the threshold was lowered to P ⬍ 0.05 uncorrected. We suggest that this discrepancy exists because in
contrast to our paradigm, the simultaneous attention studies
involved explicit cognitive tasks. This interpretation is supported by a recent meta-analysis [Phan et al., 2002] showing
that the anterior cingulate is speciﬁcally engaged in emotional paradigms that involve explicit cognitive tasks. In
contrast, emotional conditions activate the more anterior
part of the MPFC regardless of the presence or absence of
explicit cognitive demand. Phan et al. [2002] therefore concluded that the MPFC is engaged in implicit cognitive aspects of emotion processing that are common across emotional tasks. Our results suggest that this implicit cognitive
function is implicated with attentional modulation of emotional stimulus processing.
Our ﬁndings are also consistent with a recent positron emission tomography (PET) study on treatment-speciﬁc effects of
CBT in patients with major depression [Goldapple et al., 2004].
Before treatment, these patients demonstrated hyperactivity in
the MPFC; after successful treatment with CBT, a signiﬁcant
signal decrease was observed in this region. Such decrease was
not seen, however, with paroxetine-facilitated clinical recovery.
In the context of our present ﬁndings, one could speculate that
the decrease of MPFC activity may reﬂect a CBT-conditioned
reduction of the attention bias toward negative contents in
recovered patients, which might contribute to improvement of
the emotional state.

Amygdala
Positive interaction between expectancy and emotion was
also observed in the amygdala; however, this ﬁnding was
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less robust than was that in the MPFC and midbrain. This
could be due in part to increased susceptibility-induced
signal losses and geometric distortions complicating echoplanar imaging in this region [Merboldt et al., 2001]. Alternatively, the amygdala might in fact be characterized by
weaker expectancy-related modulation. This alternative is in
accordance with previous studies suggesting that the amygdala shows a considerable degree of automaticity in responding to emotional stimuli [Anderson et al., 2003a; Davidson et al., 2004; Dolan and Vuilleumier, 2003]. For
example, the amygdala was activated not only during explicit but also during implicit emotional tasks, with implicit
tasks involving less emotional attention [Winston et al.,
2002, 2003]. Similarly, Vuilleumier et al. [2001] found that
activation of the amygdala to emotional faces was relatively
unaffected by a distraction task, whereas strong modulation
was observed in the fusiform gyrus. Finally, studies using
backward-masked faces showed that the amygdala can even
be activated during preattentive processing of emotional
stimuli [Hendler et al., 2003; Morris et al., 1998; Whalen et
al., 1998]. Nevertheless, there are also indications that amygdala activity is not entirely independent of attentional processes. Using a high demand distraction task, Pessoa et al.
[2002] were able to eliminate differential responses to emotional faces in the amygdala. They concluded that the distraction task had exhausted attentional resources and that
the processing of emotional faces in the amygdala required
some degree of attention. Our study conﬁrms this ﬁnding
using a different paradigm to modulate attention. Whereas
Pessoa et al. [2002] distracted subjects from emotional stimuli to eliminate neural responses, our study focused the
subjects’ attention to the stimuli to enhance the responses.
The interaction effect observed in our study showed a
positive correlation between emotional intensity ratings and
BOLD signals in the left amygdala. Subjects who showed
particularly high expectancy effects in intensity ratings of
emotional pictures revealed stronger interaction effects in
the left amygdala. This ﬁnding suggests that attentional
modulation of amygdala activity is particularly relevant for
how intensely an emotional stimulus is subjectively experienced. This conclusion is in line with recent functional imaging studies that used olfactory [Anderson et al., 2003b],
gustatory [Small et al., 2003], and visual [Phan et al., 2004;
Rotshtein et al., 2001] stimuli to demonstrate a role of the
amygdala in emotional intensity processing.
Recent neuroimaging studies have also implicated the
amygdala in the detection of novel stimuli [Dubois et al.,
1999; Schwartz et al., 2003; Whalen et al., 2001; Wright et al.,
2003]. For instance, greater amygdala activation was observed during passive viewing of novel compared to that
during viewing of familiar neutral faces [Schwartz et al.,
2003]. In the present study, we observed greater activation in
the amygdala when emotional stimuli were preceded by an
expectancy cue. This effect was speciﬁc for the emotional
condition (positive interaction between expectancy and
emotion), and the reverse contrast (negative interaction
term) did not reveal activation in any other section of the
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amygdala. One may therefore conclude that modulation of
novelty did not play a relevant role in our paradigm. Apparently, the emotional expectancy cue employed here did
not considerably reduce the extent of novelty associated
with the subsequent emotional stimulus. This seems plausible, because all pictures (expected as well as nonexpected)
were novel and the emotional expectancy cue did not specify what type of stimulus (pleasant or unpleasant) would
follow.
Previous studies have observed reciprocal activation between amygdala and MPFC [Beauregard et al., 2001; Drevets
and Raichle, 1998; Hariri et al., 2003; Keightley et al., 2003;
Kim et al., 2003; Lange et al., 2003; Phan et al., 2005; Shin et
al., 2004; Taylor et al., 2003]. Based on this pattern of activation and on the dense anatomical connections between
these two structures [Amaral et al., 1992; Perez-Jaranay and
Vives, 1991], it has been suggested that the MPFC serves as
a top-down modulator of the emotional response in the
amygdala [Davidson et al., 2000; Drevets, 1999; Morgan and
LeDoux, 1995; Phillips et al., 2003]. At ﬁrst glance, our results seem to contradict the above studies, given that we
observed parallel rather than reciprocal activation (Fig. 6).
Our result may be reconciled with these previously reported
results, however, when the cognitive components involved
are considered. It seems that the studies mentioned above
observed activation in the MPFC during cognitive tasks that
interfered by some means or another with emotional stimulus processing (e.g., distraction). Medial prefrontal activity
might thus have suppressed the amygdala response in these
studies. In the present paradigm, the cognitive component
(expectancy) did not involve an explicit task demand, but
rather served to direct the subject’s attention to the emotional content of the picture. The medial prefrontal activation observed in the expected emotional condition might
thus have enhanced the response in the amygdala. This
interpretation is supported by our participants’ own subjective ratings. Extending to previous work, our ﬁndings therefore suggest that the modulatory role of the MPFC might not
only involve suppression but also enhancement of emotional responses in the amygdala.
In addition to top-down modulation, one may also consider bottom-up processes to interpret our results, suggesting that MPFC activity may arise as a function of amygdala
activity, leading to apparently positively related time
courses. The present data do not allow determination of
which mechanism is predominant in our paradigm.

Midbrain
The third region activated in the positive interaction contrast was the dorsal midbrain. Given the small size of the
anatomical structures located in the dorsal midbrain and the
relatively low resolution of functional imaging data, it is
difﬁcult to assign this signal to a distinct anatomical region.
The signal might derive from the periaqueductal grey, reticular nuclei, or raphe nuclei, all of which are implicated in the
generation of autonomic responses associated with emotions. These regions possess dense anatomical connections
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with the MPFC and amygdala [Amaral et al., 1992; Price,
1999] that represent higher brain centers modulating emotional responses [LeDoux, 2000; Neafsey, 1990]. The midbrain signal observed in our study might also be associated
with the inferior or superior colliculus. The superior colliculus is part of the extrageniculostriate visual pathway, which
provides rapid but coarse emotion-related signals to the
amygdala. Coactivation of superior colliculus and amygdala
was observed in previous neuroimaging studies on emotional responses [Morris et al., 2001; Vuilleumier et al., 2003].

Baseline Shifts and Gain Modulation
In the visual domain, gain modulation and baseline shifts
have been proposed as mechanisms underlying the attentional regulation of the neural response to stimulus features
[Kanwisher and Wojciulik, 2000]. Both (not mutually exclusive) concepts are aimed at explaining the enhanced activation in specialized regions during attended versus unattended stimulus processing. Gain modulation describes a
situation where attention acts as a multiplier of the neural
response [Kanwisher and Wojciulik, 2000]. In gain modulation, the difference between attended and unattended conditions results from an interactive (stimulus-evoked) component of attention [Rees and Frith, 1998]. In contrast,
baseline shifts represent an attention-related additive elevation of the baseline ﬁring rate in the attentionally modulated
brain regions [Kanwisher and Wojciulik, 2000; Rees and
Frith, 1998]. Because such a tonic component of attention is
independent of stimulus-evoked activity, it can also be observed during the expectancy of a speciﬁc stimulus feature.
Expectancy paradigms therefore represent a useful tool to
study baseline shifts. In these paradigms, baseline shifts
become visible as expectancy-related signal increases occurring before the onset of the actual stimulus. Such baseline
increases have been found in specialized visual areas during
the expectancy of color [Chawla et al., 1999], motion
[Chawla et al., 1999; Shulman et al., 1999], and spatial location [Hopﬁnger et al., 2000; Kastner et al., 1999; Luck et al.,
1997].
Employing an emotional expectancy paradigm, the
present study allowed us to address the question whether
baseline shifts might also be present in the emotion domain.
To determine whether baseline shifts were preceding the
enhanced activation observed in the MPFC, amygdala, and
midbrain, the time course of the raw BOLD signals was
plotted for these regions (Fig. 6). This time histogram did not
reveal expectancy-induced baseline increases in the MPFC
and amygdala before the onset of emotional picture presentation. Based on the delay of the hemodynamic response
observed in previous studies [e.g., Liao et al., 2002], one
would hypothesize the expectancy-evoked response to occur approximately 4 – 6 s after the onset of the expectancy
cue. Parameter estimates extracted from this time bin, however, showed no signal increases compared to the previous
time bins in the MPFC and the amygdala. In this region,
signal increases relative to rest only began 8 –10 s after the
onset of the expectancy cue (i.e., 3–5 s after picture onset).
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Our ﬁndings therefore argue against baseline increases in
the MPFC and amygdala before picture onset. One might
speculate that in these regions, gain modulation rather than
baseline shifts represents the mechanism predominantly underlying the enhanced neural response to emotional stimuli
after expectancy. In contrast, in the dorsal midbrain the time
histogram seems to reveal a slight signal increase during
emotional expectancy relative to the preceding rest period.
This could potentially reﬂect a positive baseline shift in this
region during the expectancy of emotional stimuli. Our
study, however, was not designed optimally to evaluate the
issue of baseline shifts. Our data do not allow the exclusion
of a late onset of expectancy-related, stimulus-independent
signal increases. Such late baseline shifts could potentially
be buried in the peak of activation observed during subsequent picture presentation. Nevertheless, this alternative
seems unlikely for the MPFC and amygdala, because the
baseline increases would not begin until 6 –10 s (depending
on the region) after the onset of the expectancy cue. To
address this issue better, a future paradigm will also have to
incorporate longer or unpaired expectancy periods, the latter representing expectancy conditions without subsequent
picture presentation.
Besides unpaired cues, future expectancy studies might
also consider the investigation of ambiguous and misleading
expectancy cues. Ambiguous expectancy cues signal that an
emotional or neutral picture is to come, whereas misleading
cues provide false information. Both ambiguous and misleading cues could be useful to control for nonspeciﬁc expectancy effects (such as picture expectancy) present in contrasts between expected and nonexpected picture
conditions. These more sophisticated expectancy conditions,
however, will bring about considerable experimental challenges. Speciﬁcally, unpaired, ambiguous, and misleading
expectancy conditions all involve further psychological factors, such as “uncertainty” and “distrust.” These factors are
difﬁcult to control for and are likely to compromise the
psychological effect of expectancy in the main condition
(congruent expectancy). Given the paucity of work on this
issue, the present study focused on congruent expectancy
conditions. To control for nonspeciﬁc expectancy effects also
in absence of unpaired, ambiguous, and misleading conditions, the present study made use of the interaction contrast.
Another interesting variant of expectancy cue concerns
valence-selective expectancy [Buchel et al., 1998b, 1999;
Gottfried et al., 2002; LaBar et al., 1998; Ueda et al., 2003]. In
contrast to the emotional expectancy cue used in our study,
valence-selective cues provide information as to whether a
pleasant or unpleasant stimulus will follow. In the present
paradigm, we refrained from valence-selective cues to prevent additional conditioning effects. Although any expectancy naturally depends on previous learning, valence-selective expectancy cues stronger involve appetitive and
aversive conditioning, both of which are associated with
amygdala function [Bechara et al., 1995; Buchel et al., 1998b,
1999; Gallagher et al., 1990; Gottfried et al., 2002; LaBar et al.,
1998; Parkinson et al., 2000]. Because our emotional expect-
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ancy cue was followed in equal proportions by pleasant and
unpleasant pictures, the potentially confounding effect of
appetitive or aversive conditioning should be minimal in
our study. This assumption is supported by the time histogram, which does not show signal increases in the amygdala
until 8 –10 s after the onset of the emotional expectancy cue
(i.e., 3–5 s after picture onset).

Emotional Attention and Arousal
As our paradigm involved emotional and neutral, as well
as expected and nonexpected conditions, it is important to
disentangle nonspeciﬁc effects such as arousal. Confounding arousal effects could in principle be due to differences
between pictorial stimuli or to nonspeciﬁc effects of expectancy. In our experimental design, these issues were addressed as follows: pictorial stimuli were matched with regard to arousal, valence, and dominance between conditions
with and without expectancy. The unavoidable mismatch
between emotional and neutral pictures with regard to
arousal does not affect our main ﬁndings, which did not
concern the comparison between emotional and neutral conditions but rather the interaction term. To exclude nonspeciﬁc effects of expectancy, we incorporated neutral control
conditions. The comparison of expectancy effects between
emotional and neutral conditions (positive interaction contrast) allowed the identiﬁcation of the expectancy effect speciﬁc for the emotional condition. Expectancy-related nonspeciﬁc arousal effects were eliminated in this interaction
contrast.
These methodological considerations aside, our ﬁndings
further argue against a confounding arousal effect. First,
arousal might be regarded as a nonspeciﬁc state of increased
neural excitability. One may therefore expect that a general
arousal effect would inﬂuence all parts of the emotion network in a similar (nonspeciﬁc) manner. Contrary to this
hypothesis, the positive interaction contrast from our study
identiﬁed a selective subset of emotional regions, namely the
MPFC, amygdala, and midbrain. Second, if preceding emotional attention caused a nonspeciﬁc state of increased neural excitability accounting for the interaction effect observed,
one would expect a general baseline increase in the MPFC
and amygdala during the period of emotional expectancy.
We observed no such baseline shift in these regions. Third,
brain regions activated by the contrasts “all expected versus
all non-expected pictures” and “expected versus nonexpected neutral pictures” may be associated with an enhanced neural readiness to process stimuli (i.e., arousal). In
our study, these regions were dissociable from the areas
associated with the positive interaction between emotion
and expectancy.
Despite all of these considerations, one could argue that
the positive interaction effect involves an arousal component
speciﬁc for the expected emotional condition. We cannot
exclude such a speciﬁc arousal effect. It is acknowledged
that this issue could have been addressed more appropriately by using objective psychophysiological measures (e.g.,
skin conductance).
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CONCLUSIONS
Similar to studies on feature-selective attention in the
visual domain, we adopted expectancy (preceding attention)
to study attentional modulation in the emotion domain. We
observed that expectancy augmented the neural response to
emotional stimuli in the amygdala, medial prefrontal cortex,
and dorsal midbrain. This augmentation effect was speciﬁc
for the emotional condition (signiﬁcant positive interaction
effect) and was paralleled by corresponding behavioral ﬁndings. When preceded by expectancy, emotional pictures received higher rating scores for emotional intensity. We conclude that preceding emotional attention enhances the
response to emotional stimuli at behavioral and neuronal
level.
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