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Although emotional responses to stimuli may be automatic, explicit
evaluation of emotion is a voluntary act. These bottom–up and top–
down processes may be supported by distinct neural systems. Previous
studies reported bottom–up responses in the amygdala, top–down
responses in the orbital and ventromedial prefrontal cortices, and top–
down modulation of the amygdalar response. The current study used
event-related fMRI on fifteen healthy males to examine these responses
in the absence of stimulus anticipation or task repetition. Factorial
analysis distinguished bottom–up responses in the amygdala from top–
down responses in the orbitofrontal cortex. Activation of ventromedial
prefrontal cortex and modulation of amygdalar response were not
observed, and future studies may investigate whether these effects are
contingent upon anticipation or cognitive set.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Affect; fMRI; Event-related; Factorial; Anticipation

The ability to evaluate our feelings is essential to normal
emotional function. Although emotional responses to stimuli may
be automatic, explicit evaluation of emotion is a voluntary act.
Accordingly, the bottom–up1, or stimulus-driven, and top–down,
or task-driven, components of emotional evaluation may be
mediated by different neural systems. Studies of emotional
evaluation using fMRI have associated bottom–up processing with
the amygdala and top–down processing with the orbital and
ventromedial prefrontal cortices. Furthermore, some studies
reported modulation of the amygdala response under different task
conditions, representing top–down modulation of bottom–up
processing. However, technical issues with many of these studies
(use of blocked designs, which confound responses to stimuli with
anticipation, and varying baseline controls tasks) render interpreta-
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tion somewhat ambiguous. Therefore, the current study uses an
optimized event-related emotional evaluation paradigm to attempt
to locate distinct and interacting neural responses to the bottom–up
and top–down components of emotional evaluation.

Bottom–up responses during emotional evaluation are those
associated with the emotional content of the stimuli. The amygdala
has been implicated in responses to emotional stimuli by animal
studies and by human lesion and imaging studies (Aggleton, 2000;
Adolphs et al., 1994; LeDoux, 2000). Activation of the amygdala
in imaging studies is commonly associated with perception of
visual emotional stimuli such as facial expressions (Breiter et al.,
1996; Morris et al., 1996) or unpleasant pictures (Irwin et al., 1996;
Reiman et al., 1997), and a meta-analysis of imaging studies found
more frequent amygdala responses to visual emotional stimuli than
to emotion induced intentionally by recall (Phan et al., 2002).
Although early work found responses in the amygdala to
unconsciously perceived (backwards masked) emotional faces
(Whalen et al., 1998), the extent to which amygdalar responses are
automatic or modulatable is a topic of current debate (Pessoa,
2005; Vuilleumier and Driver, 2007). It is proposed that emotional
responses may be modulated by a range of strategies, from
attentional distraction to cognitive transformation (Ochsner and
Gross, 2005). The effects of attentional distraction on neural
responses to emotional stimuli are variable, with studies reporting
either sparing or reduction of the amygdalar response to emotional
faces during visuo-spatial distraction. These differences may be
due to varying levels of attentional demands of the distractor task,
and varying sensitivity between individuals' amygdalae to
unattended stimuli (Pessoa, 2005). In other studies, cognitive
modulation of amygdalar responses was investigated by comparing
explicit evaluation of emotional stimuli with passive viewing or
non-emotional judgments. Amygdalar responses to unpleasant
pictures during explicit emotional evaluation were larger than
responses during picture recognition (Liberzon et al., 2000) and
self-relevance rating (Phan et al., 2004), and smaller than responses
during passive viewing (Taylor et al., 2003). The relationship
between amygdalar responses and the subjective experience of
emotion was supported by parallel changes in skin conductance
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responses (Liberzon et al., 2000) and ratings of sadness (Taylor et
al., 2003). Although attentional distraction may modulate
responses in the amygdala indirectly by restricting its access to
bottom–up visual information, explicit evaluation of emotional
stimuli may involve direct, top–down modulation of the amygdalar
response.

Top–down responses during emotional evaluation are those
associated with the knowledge or intention of the participant, for
example responses that correlate with instructions to evaluate an
emotional stimulus. A region frequently implicated in top–down
processing of emotion is the orbitofrontal cortex (OFC). Although
the amygdala responds relatively inflexibly to emotional stimuli,
responses in the OFC are context-dependent, being modified by
changes in satiety state and stimulus–reward association (Rolls,
1999; Zald and Kim, 2001). In functional imaging studies on
humans, responses in the OFC were larger during emotional
evaluation tasks than during recognition of previously presented
pictures (Liberzon et al., 2000), gender judgment (Gorno-Tempini
et al., 2001) and passive smelling of pleasant and unpleasant odors
(Royet et al., 2003). The OFC is selectively implicated in tasks
involving a context-dependent choice between emotional stimuli
(Arana et al., 2003; O'Doherty, 2004). Other regions implicated in
top–down processing include the ventromedial prefrontal cortex
(vmPFC) and anterior cingulate cortex (ACC) (Lane et al., 1997;
Taylor et al., 2003; Ochsner et al., 2004).

Functional imaging studies of emotional evaluation have
localized distinct and interacting neural responses to the bottom–

up and top–down components of emotional evaluation; however,
these studies' designs prevented unambiguous conclusions. In most
studies using emotional pictures, stimuli were presented in blocks
with the same emotional valence, allowing participants to
anticipate the emotional content of prospective images. Thus
responses obtained by contrasting blocks of stimuli may have been
driven in part by a top–down effect. Although it is clear that the
amygdala responds consistently to visually presented emotional
stimuli (Phan et al., 2002), the amygdala may also respond during
the anticipation of unpleasant pictures (Ueda et al., 2003).
Furthermore, instructing individuals to regulate their emotional
responses has been shown to modulate amygdalar activity during
anticipation but not during perception of emotion (Erk et al., 2006).

In two exceptional studies, emotional pictures of differing
valence were presented randomly, preventing anticipation (Phan et
al., 2004; Grimm et al., 2006). In the first study, self-relevance
judgment was used as a control task (Phan et al., 2004). Because
emotional evaluation is thought to include an assessment of self-
relevance (Eysenck and Keane, 2000), this study cannot be
compared directly with those using a non-emotional judgment as a
control task. Furthermore task instructions were varied on the block
level rather than the event level, making the detection power of task-
and stimulus-related responses unequal. In the second event-related
study, both task and stimulus were varied at the event level (Grimm
et al., 2006). Arbitrary button presses were used as a control task,
which do not require a judgment and may therefore facilitate
amygdala activation by general release of attentional resources
rather than specific changes in top–down regulation of emotion.

In the current study, therefore, participants performed an emotion
rating task in which pleasant and unpleasant pictures were presented
in random order, allowing for observation of amygdala activity in the
absence of anticipation (a top–down process). Furthermore, to
maximize the comparability across conditions designed to test for
top–down effects, we compared emotional rating of pictures with
non-emotional rating (frequency of appearance of television). These
two conditions permitted a contrast in which pictures are attended,
numerical judgments generated, and motor responses made in both
cases, but only one condition required emotional evaluation. Both
stimulus valence and task instructions were randomized between
trials, equalizing the temporal variance of the two factors, and
consequently the detectability of the resulting hemodynamic
responses (Liu et al., 2001). The neural responses to the two factors
were mapped using ANOVA, and to fully account for non-linear
relationships between task and brain activity, both the main effects
and the interaction were modeled (Friston et al., 1996). Thus distinct
bottom–up and top–down responses would be detected as main
effects of stimulus valence and task instructions, and brain regions in
which bottom–up responses were modulated by top–down effects
(e.g. the amygdala) would be detected as an interaction. This
approach extends previous work by using a fully balanced paradigm
to investigate the bottom–up and top–down components of
emotional evaluation. In accordance with previous studies, we
hypothesized that top–down responses would be observed in the
orbital and ventromedial prefrontal cortices and that bottom–up
responses would be observed in the amygdala. We also tested
whether bottom–up responses in the amygdala would be modulated
by top–down effects.

Methods

Subjects

Sixteen healthy male participants gave informed consent as
approved by the University of Florida's Institutional Review
Board. The participants' ages ranged from 18 to 24 (M=19.67,
SD=1.63). The participants had no history of psychiatric or
neurological illness, and were taking no psychotropic medication at
the time of the study. One participant was excluded due to discrete
head movements greater than 1 mm during scanning.

Picture rating task paradigm

Participants viewed pictures from the International Affective
Picture System (IAPS) (Center for the Study of Emotion and
Attention [CSEA-NIMH], 2001) in two categories: pleasant or
unpleasant. IAPS pictures are rated in two dimensions, valence
(pleasant/unpleasant) and arousal (exciting/calm) (Lang et al.,
2001). Pictures in the pleasant set received high pleasure scores
(6.7±0.9, mean±standard deviation, scale from 1 to 9) and pictures
in the unpleasant set received low pleasure scores (3.7±1.1); both
categories received similar arousal scores (pleasant: 4.7±1.0,
unpleasant: 4.8±1.3). IAPS picture codes are listed in supplemen-
tary data. Each picture appeared above one of two task instructions,
either “How pleasant do you find the content of this image?” or
“How frequent do images with similar content appear on
television?” Participants were instructed to indicate their response
to each picture by pressing one of four buttons, indicating in the
emotion rating task, “very unpleasant”, “moderately unpleasant”,
“moderately pleasant”, or “very pleasant”, and in the frequency
rating task, “weekly”, “daily”, “hourly”, or “continuously”. We
designated the four trial types emotion rating pleasant (EP), emotion
rating unpleasant (EU), frequency rating pleasant (FP), and
frequency rating unpleasant (FU).

Prior to performing the task, each participant was familiarized
with the scanner environment and response system by completing
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a training run consisting only of emotion ratings. Different sets of
pictures were used for the training and task runs. The effects of
training are reported elsewhere, in a study of the effects of
training upon emotional and non-emotional ratings (Li et al., in
press).

The rating tasks were presented using a rapid event-related
design. 15 trials of each type and 30 null trials were presented in
random order. Pictures to be rated and rating instructions were
presented simultaneously in contiguous 3-s trials, and the entire run
lasted 4 min and 30 s. Including 30, 3-s null trials randomized the
stimulus onset asynchrony in a geometric distribution with a mean
of 4.5 s. Jittering trial timing in this way increases the detectability
of task-related responses in event-related fMRI (Burock et al.,
1998), and is most efficient using a geometric distribution
(Serences, 2004). For emotional stimuli, a stimulus onset
asynchrony with a mean of 4.5 s maximizes trial presentation rate
while minimizing response attenuation due to stimulus repetition
(Soon et al., 2003).

The stimuli were presented using an Integrated Functional
Imaging System (IFIS, MRI Devices, Inc., Waukesha, WI). Images
were generated by a PC running E-Prime (Psychology Software
Tools, Pittsburgh, PA) in synchronization with the first RF pulse of
each scan. Participants viewed images at 640×480 pixel resolution
on a 7-in. LCD screen that subtended approximately 14°×11° of the
visual field, via a mirror mounted on the head coil. Responses were
collected with a MRI-compatible button glove attached to the
participant's right hand.

Functional imaging data acquisition

Participants were scanned using a 3-T Siemens Allegra scanner
with a standard head coil (Siemens, Munich, Germany). Anatomic
images were acquired using an MPRAGE sequence with
TR=1500 ms, TE=4.38 ms, and flip angle=8°. In the axial plane,
160 slices were acquired (thickness 1.0–1.2 mm, according to the
height of the brain) with in-plane field of view 240 mm×180 mm
and matrix size 256×192. Functional images covering the whole
brain were acquired using echo-planar imaging sensitive to blood-
oxygenation level-dependent (BOLD) effects, with TR=3000 ms,
TE= 30 ms, flip angle=90°. In the axial plane, 38 slices with a
thickness of 3.8 mm were acquired in the plane of the inter-
commissural line with an in-plane field of view 240×240 mm and
matrix size 64×64. The first two volumes of each functional run
were discarded to allow for T1 equilibration. These settings have
previously been shown to provide reasonable coverage of the
amygdala while allowing coverage of the whole brain, and without
sacrificing BOLD sensitivity (Wright and Liu, 2005). We inspected
the functional images using an outline of the amygdala drawn on the
average anatomic image according to the guidelines of Brierley et al.
(2002), and found full coverage in 10 out of 15 participants, with
partial coverage in the remaining 5. Because our hypotheses
predicted responses in the vmPFC, coverage of this region was also
inspected. Susceptibility artifact was seen, but due to the large extent
of this region, coverage was determined post-hoc within clusters of
activation, by comparing mean signal for each participant within the
vmPFC and other activated regions.

Functional imaging data analysis

Data were analyzed using BrainVoyager QX version 1.7.6
(Brain Innovations, Maastricht, Holland). The functional images
were coregistered with anatomic images and normalized to
Talairach space for each participant. Functional data underwent
3D motion correction, linear trend removal, slice scan time cor-
rection, and Gaussian spatial smoothing using a kernel of 5.7 mm
(1.5 voxels) full-width at half-maximum (FWHM).

Task-related activity was mapped using a voxel-wise general
linear modeling analysis. The BOLD responses to each trial type
were estimated by convolving the stimulus time course with a
canonical hemodynamic model (Friston et al., 1998). The esti-
mated responses were combined in a multiple regression model of
the MR signal at each voxel, generating beta weights reflecting
the magnitude of the contribution of each trial type to the overall
model. Second-level comparisons of the beta weights at each
voxel generated random-effects statistical maps. Two-way re-
peated-measures ANOVA was used to estimate separately the
main effects of task instructions and stimulus valence, and their
interaction. This approach avoids the assumption of pure insertion
inherent in linear contrasts by accounting for non-linear neural
responses to different combinations of cognitive factors (Friston
et al., 1996). For whole-brain analysis, thresholds were set to
exclude clusters smaller than 100 mm3 (after functional data were
resampled to 1 mm resolution), and statistical scores below
F(1,14)=12, pb0.005. In order to identify the most reliable
responses, we calculated the minimum cluster size necessary to
achieve a false activation probability α=0.05, using the cluster
threshold estimator plug-in for BrainVoyager QX (Forman et al.,
1995). This procedure excluded clusters smaller than 662 mm3.
Clusters between 100 and 661 mm3 are reported to facilitate
comparison with other studies (Poline et al., 2006). Because
activation was hypothesized a priori in the amygdala, the
statistical threshold in this region was lowered to F(1,14)=5,
pb0.05. At each cluster of activation, mean signal for all cluster
voxels was entered into post-hoc contrasts to produce t-scores
indicating the direction of the effect.

Mean BOLD responses were plotted for selected clusters of
activation. Percentage signal change was calculated relative to the
signal at the time of stimulus onset. Percentage values were then
averaged by stimulus type across trials and participants in a time
window from −3 to 18 s relative to stimulus onset. Contamination
from subsequent stimuli occurring within the 18-s window was
eliminated in the overall average due to the jittered SOA (Dale and
Buckner, 1997).

Results

Behavioral data

Participants rated pleasant and unpleasant stimuli appropriately.
Pleasure ratings, adjusted from the obtained four-button responses to
the standard scale used in the IAPS of 1–9 were significantly higher
for pleasant pictures than for unpleasant pictures (6.6±0.9 vs. 3.6
±0.8, pb0.001). Participants made use of all four buttons during the
emotion rating task, rather than simplifying the task by using only
the index finger for unpleasant and the little finger for pleasant
pictures (Table 1). In the frequency rating task, participants judged
pictures as shown “weekly”, “daily”, or “hourly” more frequently
than “continuously”. Response times were slower during frequency
rating than emotional evaluation, regardless of stimulus valence,
implying that the control task was more difficult (Table 1). Because
this difference in response time may confound the effect of task
instructions with increased performance effort, we included



Table 1
Behavioral responses

Trial
type

Responses per trial (% (SD))

Button 1 Button 2 Button 3 Button 4 RT (ms)

EP 46 (21) 38 (23) 9 (7) 1 (2) 1902 (295)
EU 6 (7) 19 (10) 44 (16) 26 (18) 1899 (265)
FP 24 (16) 43 (17) 20 (19) 4 (9) 2088 (263)
FU 16 (14) 43 (16) 24 (14) 9 (9) 2087 (295)

EU: emotion rating on unpleasant pictures, EP: emotion rating on pleasant
pictures, FU: frequency rating on unpleasant pictures, FP: frequency rating
on pleasant pictures.
Responses b500 ms were excluded from RT analysis as they most likely
reflected carried-over late responses to previous trials. Two-way repeated-
measures ANOVA of reaction time using the factors task and valence
revealed a significant main effect of task [F(1,14)=36.5, pb0.001].
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response time as a confound in the general linear model. For each
participant, the time series of response times for individual trials was
z-normalized and convolved with the canonical hemodynamic
response function (responses timesb500 ms were excluded). The
resulting predictor was included in the general linear model to
reduce the influence factors associated with reaction time, such as
performance effort, on the estimated response to each trial type, and
in particular on the resulting contrast between emotional and non-
emotional evaluation.
fMRI data

We hypothesized that top–down responses would be observed
in the orbital and ventromedial prefrontal cortices and that bottom–

up responses would be observed in the amygdala. We localized
these responses using two-way repeated-measures ANOVA to
create statistical maps showing main effects of stimulus valence
Fig. 1. Main effect of stimulus valence. (A) Reduced threshold statistical map show
inside the a priori regions of interest (yellow circles). Color scale indicates F sco
coronal slice in Talairach space. (B) BOLD response in the left amygdala. Error ba
EP: emotion rating on pleasant pictures, EU: emotion rating on unpleasant pictures,
pictures.
and task instructions. We also tested whether bottom–up effects in
the amygdala was modulated by top–down effects by mapping
interaction effects.

A main effect of stimulus valence was observed in the left
amygdala (Fig. 1; Table 2). Post-hoc statistics indicated a larger
response to unpleasant than pleasant pictures, and examination of
BOLD responses indicated that this effect was independent of task
instructions. MR signal values in this region for all participants
were within one standard deviation of mean signal values from all
other regions showing a main effect of stimulus valence (Table 2),
indicating that susceptibility effects did not affect signal within the
activated cluster. A main effect of rating task was observed in the
left OFC (Fig. 2; Table 3). Post-hoc statistics indicated a larger
response to emotional evaluation than to frequency rating, and
BOLD responses indicated that this effect was independent of
stimulus content (Fig. 2C). In order to test whether the responses in
the amygdala and OFC were truly independent, post-hoc region-of-
interest ANOVAwas performed to assess the orthogonal effect and
interaction. In neither region were these significant. In the
amygdala, main effect of task and interaction reached F(1,14)=
0.2 and 0.3, p=0.6, 0.5 respectively. In the orbitofrontal cortex, the
main effect of valence and interaction reached F(1,14)=0.1 and
0.6, p=0.7 and 0.5, respectively.

A main effect of task was not observed in the vmPFC, but a
small region in the subgenual anterior cingulate cortex (BA 25)
showed larger responses to frequency rating than emotional
evaluation. BOLD responses in the region did not, however, show
a clear effect of task. Furthermore, MR signal values in this region
were affected by susceptibility artifact, being reduced by more than
two standard deviations in five participants, and between one and
two standard deviations in seven participants, relative to mean
signal values for all other regions showing a main effect of task
(Table 3).

Several regions other than those predicted showed a main effect
of valence, notably the bilateral posterior cingulate cortices, left
ing a main effect of valence at the left amygdala. Responses are only shown
re on two-way ANOVA, threshold: pb0.05. L: left. R: right. Y: position of
rs show standard error. Vertical dotted lines show beginning and end of trial.
FP: frequency rating on pleasant pictures, FU: frequency rating on unpleasant



Table 2
Main effects of stimulus valence and interaction effect

Region Side BA x y z Size F(1,14) t(14)

PleasantNUnpleasant
Posterior cingulate cortex R 30 9 −52 12 1151 38.8 5.11
Posterior cingulate cortex L 30 −9 −54 10 404 18.5 4.20
Declive L −6 −85 −20 170 22.7 4.34

UnpleasantNPleasant
Middle frontal gyrus L 6 −35 3 62 546 38.4 −6.35
Amygdala L −19 −7 −10 164 10.0 −3.57
Inferior parietal lobule L 40 −56 −39 53 104 16.4 −4.38
Inferior occipital gyrus L 19 −40 −74 −8 622 36.9 −5.76

Interaction effect
Middle frontal gyrus R 9 36 20 36 421 27.9 5.12

Only clusters N100 mm3 shown. Bold text: cluster meets criteria for false positive rate α=0.05 (cluster sizeN662). Italic text: cluster identified at reduced
threshold (pb0.05) in a priori region (amygdala).
MCC: midcingulate cortex. L: left, R: right. BA: Brodmann area. X, Y and Z: Talairach co-ordinates (mm). Size: number of 1 mm3 voxels. F: result of
whole-brain ANOVA (degrees of freedom); score is taken from the peak voxel of the cluster. t (degrees of freedom): post-hoc contrast of main effect of
valence [(EP+FP)− (EU+FU)] or interaction effect [(EP−EU)− (FP−FU)]; score is taken from mean signal of all cluster voxels. EU: emotion rating on
unpleasant pictures, EP: emotion rating on pleasant pictures, FU: frequency rating on unpleasant pictures, FP: frequency rating on pleasant pictures.
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inferior occipital gyrus, and middle frontal gyrus (Table 2). In the
posterior cingulate cortices, post-hoc statistics indicated a greater
response to pleasant than unpleasant pictures, and BOLD
responses indicated that this effect was due to selective deactiva-
tion during emotional evaluation of unpleasant pictures. In the left
inferior occipital gyrus, post-hoc statistics indicated a larger
response to unpleasant than pleasant pictures, and BOLD
responses indicated a response to all four stimulus types, with a
slight increase in magnitude for unpleasant pictures. In the middle
frontal gyrus, post-hoc statistics indicated a larger response to
unpleasant than pleasant pictures, but BOLD responses indicated a
larger response to both picture types during frequency rating than
during emotional evaluation.

A main effect of task was seen in several regions other than
those predicted (Table 3). Post-hoc statistics indicated larger
responses to emotional evaluation than frequency rating in the
bilateral fusiform gyri and superior occipital gyri. BOLD responses
in these regions indicated responses to all four stimulus types, with
small increases during emotional evaluation. Fig. 2 (B and D)
illustrates the largest of these response in the left fusiform gyrus.
Post-hoc statistics indicated a larger response to frequency than
emotion rating in the bilateral intraparietal sulci, left middle
temporal gyrus, and two regions within the left middle frontal
gyrus. In the intraparietal sulci and middle temporal gyrus, BOLD
responses indicated a negative response to emotional evaluation,
with a small positive response to frequency rating. In the middle
frontal gyri, BOLD responses indicated a positive response to
frequency rating, regardless of stimulus valence.

Discussion

In this study, we confirmed that distinct neural networks
responded to top–down and bottom–up components of emotional
evaluation. As hypothesized, top–down effects were observed in
the orbitofrontal cortex (OFC), and bottom–up effects in the
amygdala. Contrary to previous studies, we did not observe top–
down responses in the ventromedial prefrontal cortex (vmPFC),
and we observed no modulation of the amygdala. Using an event-
related paradigm to investigate emotional evaluation, we replicated
some, but not all, of the neural responses obtained using block
design paradigms. These differences and possible future directions
are discussed.

A bottom–up response was observed in the left amygdala:
responses in this region were larger for unpleasant than pleasant
pictures, regardless of task instructions (Fig. 1). Unlike several
previous studies, this response was not modulated by explicit
evaluation of emotion (Liberzon et al., 2000; Taylor et al., 2003;
Phan et al., 2004). It is possible that modulation of responses in the
amygdala reflects modulation of anticipated emotion that occurs
during blocked designs. Interestingly, in the studies using a
blocked design, the modulated response occurred in the right
amygdala (Liberzon et al., 2000; Taylor et al., 2003), consistent
with a previously reported right-sided amygdalar response to
anticipated emotion (Ueda et al., 2003). It is also possible that the
amygdalar response in the current study was altered following the
training period (see Methods). A previous study reported a shifting
response from right to left amygdala during repeated viewing of
emotional faces (Gur et al., 2002), which the authors suggested
reflected a shift towards more cognitive processing of stimuli.
Furthermore, training in emotional evaluation increases the
likelihood that an individual will spontaneously evaluate stimuli
(Li et al., in press). Therefore it is possible that the observed
responses in the left amygdala reflect automatic cognitive or
associative processing of stimulus features that occurred even when
individuals were instructed to make frequency ratings. It should be
noted, however, that the lateralization of amygdala responses is a
topic of current debate: clear associations between laterality and
processing style have yet to be confirmed (Baas et al., 2004). Finally,
the unpleasant stimuli used in the current study may have elicited a
weaker amygdalar response than those used in previous studies. The
current unpleasant stimuli were less negatively valenced than those
used in some other studies (3.7 vs. approximately 2.0), and we
compared unpleasant and pleasant pictures to obtain a full range of
ratings, whereas previous studies almost all compared unpleasant
and neutral pictures. Although contrasting unpleasant and pleasant
pictures results in a larger difference in valence than contrasting
unpleasant and neutral pictures, the difference in amygdalar response
may be smaller, since pleasant pictures have been shown to activate
the amygdala relative to uninteresting neutral pictures (Hamann
et al., 2002). However, the negative BOLD responses to pleasant



Fig. 2. Main effect of task instructions. (A and C) Statistical maps showing a main effect of task in the left orbitofrontal cortex (A) and left fusiform gyrus (C).
Color scale indicates F score on two-way ANOVA, threshold: pb0.005, minimum cluster size=662 (estimated false positive rate α=0.05). L: left. R: right. Z:
position of axial slice in Talairach space. (B and D) BOLD responses in the left orbitofrontal cortex (B) and left fusiform gyrus (D). Error bars show standard
error. Vertical dotted lines show beginning and end of trial. EP: emotion rating on pleasant pictures, EU: emotion rating on unpleasant pictures, FP: frequency
rating on pleasant pictures, FU: frequency rating on unpleasant pictures.
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pictures indicate that this was not the case in the current study
(Fig. 1).

Contrary to the current findings, two previous studies found
responses in the amygdala to randomly presented emotional
pictures that were modulated by explicit evaluation (Phan et al.,
2004; Grimm et al., 2006). This modulation effect cannot be
explained in terms of stimulus anticipation, but these studies
differed from the current study in several respects. First, the
contrasts used to detect responses in the amygdala were not
comparable between the current study and either of the two
previous studies: the study by Phan et al. identified amygdalar
responses that correlated with emotional intensity, which is high
for both pleasant and unpleasant pictures and low for neutral
pictures, and the study of Grimm et al. focused on contrasts
between task conditions (emotional judgment vs. arbitrary button
press) and not between stimuli with different emotional content. A
future study may include pleasant, unpleasant, and neutral pictures
to test whether amygdalar responses driven by emotional intensity
or by emotional valence are differentially susceptible to top–down
modulation. Second, all three studies differed in the timing of task
presentation. In the current study, task instructions were varied
from trial to trial, whereas in Phan et al., the two tasks were
presented in two contiguous epochs. It is therefore possible that the
modulating effect of emotional evaluation requires the establish-
ment of a cognitive set over repeated trials of the same task. Grimm
et al. varied task instructions on a trial-by-trial level, but the
stimulus onset asynchrony was longer than in the current study
(10–12 s versus mean 4.5 s in the current study). This may have
increased sensitivity to task-related modulation of the amygdalar
response by reducing overlap of the hemodynamic responses or by
reducing carry-over effects between trials. It is interesting to note
that in the study of Grimm et al., the response in the left amygdala
differed between emotional evaluation and simple viewing only
when task instructions were unanticipated, inviting further study of



Table 3
Main effects of task instructions

Region Side BA X Y Z Size F(1,14) t(14)

EmotionNFrequency
Orbitofrontal cortex L 47 −26 34 −8 873 46.9 7.47
Precentral gyrus L 6 −59 −1 11 138 14.1 4.07
Superior temporal gyrus L 42 −63 −12 7 287 17.1 4.35
Fusiform gyrus R 37 27 −45 −10 135 17.6 4.08
Fusiform gyrus L 37 −30 −53 −13 1023 35.8 5.52
Precuneus L 7 −13 −53 51 294 25.0 4.88
Posterior cingulate cortex R 30 18 −53 13 211 18.2 4.20
Superior occipital gyrus R 18 25 −79 20 302 18.0 4.10
Superior occipital gyrus L 19 −26 −82 19 618 22.1 4.86

FrequencyNEmotion
Subgenual ACC L 25 −1 20 −8 134 31.8 −5.21
Middle frontal gyrus L 9 −42 16 28 655 28.5 −5.97
Middle frontal gyrus L 6 −35 3 52 991 31.2 −5.06
Posterior cingulate cortex L 31 −3 −37 35 256 19.2 −4.06
Middle temporal gyrus L 21 −61 −40 −1 1244 40.7 −6.31
Posterior cingulate cortex R 30 5 −47 18 249 20.2 −4.27
Intraparietal sulcus R 19 42 −66 40 1806 20.0 −4.82
Intraparietal sulcus L 19 −41 −69 36 1292 11.1 −5.20
Cerebellum (uvula) R 11 −82 −36 523 22.9 −4.31

Only clustersN100 mm3 shown. Bold text: cluster meets criteria for false positive rate α=0.05 (cluster sizeN662).
ACC: anterior cingulate cortex. L: left, R: right. BA: Brodmann area. X, Y and Z: Talairach co-ordinates (mm). Size: number of 1 mm3 voxels. F: result of
whole-brain ANOVA (degrees of freedom); score is taken from the peak voxel of the cluster. t (degrees of freedom): post-hoc contrast of main effect of
valence [(EP+FP)− (EU+FU)] or interaction effect [(EP−EU)− (FP−FU)]; score is taken from mean signal of all cluster voxels. EU: emotion rating on
unpleasant pictures, EP: emotion rating on pleasant pictures, FU: frequency rating on unpleasant pictures, FP: frequency rating on pleasant pictures.
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the effect of anticipation upon top–down processing of emotion.
Finally, because the control task used by Grimm et al. did not
involve a judgment, differences in the amygdalar response may be
attributed to the greater availability of attentional resources during
the less demanding control task, rather than to a specific release
from top–down inhibition.

Top–down responses were observed in the left orbitofrontal
cortex (OFC): responses in these regions were larger during
emotional evaluation than during frequency rating (Fig. 2). This
OFC response accords with those reported in previous studies
(Liberzon et al., 2000; Gorno-Tempini et al., 2001; Royet et al.,
2003) and supports the notion that the OFC is crucial for the
selection of responses based on the emotional value of a stimulus
(Zald and Kim, 2001). Post-hoc testing confirmed that the
responses in the OFC and amygdala were orthogonal: there was
no significant main effect of valence in the OFC, and no significant
main effect of task in the amygdala, and neither region showed a
significant interaction. These results suggest that top–down and
bottom–up components of emotional evaluation are dissociated
between these two regions.

Top–down effects were not observed in the ventromedial
prefrontal cortex (vmPFC), as reported in some (Lane et al., 1997;
Taylor et al., 2003; Phan et al., 2004), but not all previous studies
of emotional evaluation (Liberzon et al., 2000; Gorno-Tempini et
al., 2001). The vmPFC and OFC have been implicated in the
selection of behavioral responses on the respective bases of
internal feelings and external stimuli (Damasio, 1994; Bechara et
al., 2000; Zald and Kim, 2001). In the current study, the speed of
stimulus and task variation may have biased participants toward an
external feature-based strategy for emotional evaluation, rather
than a strategy involving attention to internal feelings. It is
interesting to note that in macaque experiments, neurons in the
lateral OFC responded more readily to visual stimuli (which may
vary rapidly) but neurons in the medial OFC responded more
readily to olfactory stimuli (which typically vary slowly) (Zald and
Kim, 2001). The vmPFC is also implicated in the extinction of
responses in the amygdala (Sotres-Bayon et al., 2004) and
intentional regulation of emotion (Ochsner and Gross, 2005). It
is possible, therefore, that the absence of interaction effects in the
current study is related to a lack of regulatory input from the
vmPFC to the amygdala.

These findings suggest a number of methodological issues that
may be investigated in future studies. First, responses to emotional
stimuli are described in two dimensions: valence and arousal (Lang
et al., 2001). To test whether bottom–up responses related to these
two factors are differentially susceptible to modulation by emo-
tional evaluation, future studies may include pleasant, unpleasant,
and neutral pictures. Second, including a training period may result
in changes in the neural responses to emotional stimuli. Future
studies may include both emotional and non-emotional evaluation
in the training period, and investigate how the neural correlates of
each task evolve over the training period. Third, the current task
design did not elicit activation of the vmPFC or modulation of
amygdala responses. This result may have been due to the random
presentation of emotional stimuli, which prohibited anticipation, or
to the rapid variation in task instructions. Although the stimulus
onset asynchrony was chosen to allow detection of responses to
visual emotional stimuli (Serences, 2004), it is possible that task-
related responses evolve more slowly than stimulus-related
responses. Alternatively, the regulatory effects associated with
emotional evaluation may occur only when evaluative and control
tasks are alternated in blocks, allowing establishment of a cognitive
set associated with evaluation. Future studies may compare
anticipated and unanticipated emotional stimuli side-by-side, and
may also investigate the optimum timing for the presentation of
task instructions.
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Both bottom–up and top–down responses were observed in
regions additional to those hypothesized. Visual activation in the
fusiform and occipital gyri was modulated by both stimulus
content and task instructions. This finding is consistent with
previous work demonstrating the effects of emotion and attention
on visual responses (Vuilleumier and Driver, 2007). The effect of
emotional stimulus content on visual activation is likely to be
mediated by feedback from the amygdala to visual cortex (Morris
et al., 1998; Sabatinelli et al., 2005). An apparent response to
pleasant pictures was observed in the bilateral posterior cingulate
cortices, although BOLD responses in this region indicated
deactivation in response to unpleasant pictures only during
emotional evaluation. The posterior cingulate cortex is part of a
network of regions implicated in task-induced deactivation, and is
posited to mediate attention-dependent processing during the
conscious resting state (McKiernan et al., 2003). Deactivation of
this region during rating of unpleasant pictures suggests that this
task condition more than the others disrupts resting cognition.

Top–down responses were observed in the bilateral parieto-
occipital sulci: responses in these regions were larger during
frequency rating than emotional evaluation, regardless of
stimulus valence. Similar responses were reported in previous
emotion rating studies during the spatial control task (indoor/
outdoor judgment) consistent with the role of the parietal lobe in
visuo-spatial attention (Lane et al., 1997; Ochsner et al., 2004).
In the current study, the control task did not involve an explicit
spatial judgment, however, the parietal cortex is an associative
region, receiving multimodal inputs, and being activated by a
wide range of cognitive tasks (Culham and Kanwisher, 2001). A
recent meta-analysis of mathematical studies associated the
region of the intraparietal sulcus activated in the current study
with attentional orientation along a mental “number line”
(Dehaene et al., 2004). Thus, the activation in the current study
may reflect the numerical approximation involved in the
frequency judgment task.

In conclusion, the current study showed that bottom–up
responses in the amygdala and top–down responses in the OFC
may be dissociated using an event-related emotional evaluation
paradigm. Responses in the amygdala were not modulated by
varying task instructions, as in some previous studies, warranting
future investigation into the role of anticipation and task timing in
the potential regulatory effects of explicit emotional evaluation.
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